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Abstract

14,5

Until very recently the Madeira Archipelago registered a total of eight Bugulidae species. In the present study we
include descriptions of seven Bugulidae species, now with Scanning Electron Microscopy images, with four new
records for the Archipelago: Bugulina fulva and Bugulina simplex for Madeira Island and Bugula neritina and Crisularia
gracilis for the neighbouring Island of Porto Santo. Furthermore, we report the correction of the previous identification
of Bugulina calathus minor earlier reported from Funchal harbour in 1998, now as Bugulina flabellata. This study is part
of an ongoing monitoring program for detecting non-indigenous species in all marinas from the Madeira archipelago,
between 2007 and 2015. Specimens were collected in previously deployed PVC settling plates, marina pontoons, and
also on recreational hull vessels while performing dry dock inspections at a local shipyard. Our study reveals that the
Madeira archipelago now registers a total of ten Bugulidae species, contributing therefore to the total bryozoan fauna
of the Archipelago, now with more than 100 records. These numbers could increase, as Madeira is considered to be
a"hotspot”for bryozoan diversity when compared to other nearby regions. Finally, hull fouling is considered as the
most likely vector of introduction for the non-indigenous species of Bugulidae detected in Madeira.
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Background

The introduction of non-indigenous species (NIS)
remains today a global threat to biodiversity in coastal
marine ecosystems [e.g. 1, 2]. This phenomenon has sig-
nificantly increased in the past years as maritime traffic
represents one of the main vectors contributing to the
spread and establishment of NIS worldwide, facilitating
the transport of species in ship hulls and ballast water
[3-5]. Floating docks and other artificial substrates are
very common in bays and estuaries, particularly in ship-
ping areas and marinas are highly relevant for detecting
new NIS arrivals [6—8]. The occurrence of artificial pon-
toons around the world may favour the dispersal of NIS,
by providing stepping stones that allow colonization into
new areas [9, 10]. In fact, marinas and harbours have
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become an ideal study system for rapid assessment sur-
veys (RAS) of NIS [e.g. 7, 11-13].

The Madeira archipelago is located Southwest of conti-
nental Europe and 700 km off the Moroccan coast, with
a strategic geographic position in the Atlantic Ocean.
Historically, the archipelago has provided an important
passage route for many ships between Europe and the
Caribbean, American and African continents. Today
most of the maritime traffic comes from tourist cruise
ships and sailing yachts for re-fuel, and rest stops from
different parts of the world [14]. The diversity and distri-
bution of fouling NIS in Madeira Island, North-eastern
Atlantic Ocean, has received some attention in recent
years due to on-going monitoring surveys, particularly
in marinas on the southern coast of Madeira Island. As a
result, several new species have been detected and inven-
toried [15-18], including new undescribed bryozoan spe-
cies [19].

The phylum Bryozoa, (Ectoprocta) often known as
moss animals, is a very diverse group with approximately
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5900 living species [20, 21] and 15,000 fossil records
[22]. Bryozoans are mostly sessile, colonial, filter-feeder
organisms that can be found living on a variety of differ-
ent natural and artificial substrates such as rocks, floating
pontoons, buoys or ropes [19, 23].

In the mid nineteenth and early twentieth centuries the
pioneer work of Busk [24-28], Hincks [32], Johnson [31],
Waters [30], and Norman [29] in surveying the bryozoan
fauna of the shallow waters of Madeira resulted in a list of
139 species. Since then, a few species were added to this
list, with most of the new records detected in the twenti-
eth century [33-36]. In recent years, new records of bry-
ozoans have been reported for Madeira Island [15, 17, 19,
37]. Nevertheless, Berning [38] indicates that the known
bryozoan species list for the Madeira archipelago is likely
far from reflecting the true species richness for this group
when compared to other coastlines. The author further
considers the 250 km coastline of the Madeira archipel-
ago a "hotspot” of bryozoan diversity, when compared to
the 260 species known from the 1600 km of the Galician
coastline [38].

The genus Bugula Oken, 1815, sensu lato, comprises
around 90 valid species [39]. Individuals belonging to
this group can be found living in shallow waters [40, 41],
and also in deeper waters of continental shelf [42, 43].
Recently, an extensive revision using molecular and mor-
phological techniques was performed for Bugula sensu
lato resulting in four valid genera, Bugula sensu stricto,
Bugulina [44], Crisularia [44] and Virididentula [42].
Several of these species, such as Bugula neritina [45],
Virididentula dentata [46] and Bugulina stolonifera [47],
have a widespread distribution and are abundant among
fouling communities [40, 48-50].

To date, eight Bugulidae species have been detected in
the Madeira archipelago: Bugula neritina [29], Bugulina
stolonifera [17], Bugulina calathus minor [36, 51],
Bugulina ditrupae [24], Bugulina avicularia (29, 45], Cri-
sularia gracilis [24], Crisularia plumosa [29, 52], and Vir-
ididentula dentata [17, 29].

The present study aims to review a complete list of the
Bugulidae species colonizing artificial substrates in the
Madeira archipelago. In this paper, we include descrip-
tions of seven Bugulidae species with Scanning Elec-
tron Microscopy (SEM) illustrations, including four new
records: Bugulina fulva [47] and Bugulina simplex [53]
for the Madeira Island and Bugula neritina and Crisu-
laria gracilis for the neighbouring Porto Santo Island.
Furthermore, we report here the correction of the pre-
vious identification of Bugulina calathus minor earlier
reported from Funchal harbour in 1998, now as Bugulina
flabellata [44] for the Madeira Island.
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Methods

In 2006 we initiated a NIS monitoring program in a local
marina located along the South-eastern coast of Madeira
Island [17, 54]. We later expanded this study by adding
a second marina in 2010, and two additional marinas in
2013 [16, 18]. Currently, our NIS monitoring program
covers all four main marinas of the archipelago: Calheta
(32°43'N, 17°10"W), Funchal (32°38'N, 16°54'W), Quinta
do Lorde, Canical (32°44'N, 16°42'W), and Porto Santo
Island (33°03'N, 16°18'W) (Fig. la—d). Funchal was the
first marina being constructed in 1995 with the capacity
of 260 berths, followed by Quinta do Lorde in 2002 with
264 berths, Calheta in 2004 with 300 berths, and Porto
Santo Island in 2006 with the capacity of 139 berths.

For assessing NIS diversity, we have deployed 10 poly-
vinylchloride (PVC) settling plates (14 x 14 x 0.3 cm) at
approximately 1 m depth from pontoons in all four mari-
nas of the Madeira Archipelago (see detailed methods
in Canning-Clode, Fofonoff [55] and Ramalhosa, Cama-
cho-Cruz [16]. At every 3 months, plates were retrieved
from the field and examined to determine species rich-
ness. During each sampling event, plates were carefully
examined using a stereo microscope (Leica Wild-M3
Heerbrugg), and specimens from settling panels were
photographed using a Sony DSC-W55 camera. Samples
were collected from different marina sites (Fig. la—d;
Table 1), and preserved in 95 % ethanol. For the pur-
pose of this analysis, however, we are only reporting the
presence of Bugulidae species collected and identified
until March 2015. Selected specimens were deposited at
Museu de Historia Natural do Funchal (MMF), Madeira,
Portugal.

Additionally to settling plate deployment, we also initi-
ated in 2013 dry dock inspections (DDI) on yacht hulls at
a local shipyard (REPMaritima, www.repmaritima.com)
for monitoring NIS arrivals via hull fouling. The ship’s
hull was photographed after being raised from water, at
three different areas (bow, beam and stern) with a quad-
rate (20 x 20 cm), using a Canon A620 camera. Species
inspections were performed by personal observations,
and unknown species samples were taken for later spe-
cies identification. Furthermore, we collected further
information concerning vessel history from yacht own-
ers through questionnaires. These questionnaires aimed
at getting information regarding vessel identification (i.e.
name, nationality, home port, hull material and length
of the boat), last port of call, dry docking (i.e. how often
does the boat goes into a dry dock and whether fouling
was removed), and hull maintenance history (i.e. which
antifouling paint was last used and when was the last
antifouling renewal). In this context, we have surveyed a


http://www.repmaritima.com

Ramalhosa et al. Helgol Mar Res (2017) 71:1

Page 30f 18

>z

Azores Portugal
Mag%
QNC ‘ Morocco
P‘\\aea“ Canaries
oF

Porto Santo

.
d

Madeira ( B
(o4
a @
b

Desertasislands

Fig. 1 Map illustrating the Madeira Archipelago with the location of the four study sites: a Marina da Calheta; b Marina do Funchal; ¢ Marina da
Quinta do Lorde and d Marina do Porto Santo

total of nine vessels from 2013 to 2015 where five were
foreign with homeports in the North Sea and North
Atlantic, while four were domestic.

Bugulidae specimens collected from harbours and DDI
were later examined with scanning electron microscopic
(SEM) photographs taken in a FEI Inspect S50 SEM using
uncoated material at the University of Vienna, Austria.
SEM was used with a back-scattered electrons detector
in low vacuum mode. Part of the samples was exposed
to an ultrasound bath, bleached by sodium hypochlorite
and air dried for SEM examination. Measurements (in
mm) were taken with the software Image]® [56] on the
SEM photographs and are indicated in the descriptions
of each species. Average measurements are included in
mm while minimum, maximum data, and the number of
measurements attained are included between brackets.

Finally and to complement this study, we conducted a
comprehensive literature survey on previous records of
Bugulidae species present in the Madeira archipelago. All
species detected in settling plates, DDI and found in lit-
erature surveys were assigned to one of three categories
of biogeographically distribution: native, NIS or crypto-
genic (unspecified native origin, and unknown whether
native or NIS), in accordance to literature and several
current databases [57-60].

Results

In this study we report the presence of seven species:
Bugula neritina, Bugulina flabellata, Bugulina fulva,
Bugulina simplex, Bugulina stolonifera, Crisularia gra-
cilis and Virididentula dentata in four marinas of the
Madeira archipelago (Table 1). From these seven species,
four are reported here as new records to the archipelago,
with two for Porto Santo Island with B. neritina detected
in 2013 and C. gracilis in 2015; and two for Madeira
Island, with the detection in 2013 of B. fulva and B. sim-
plex for the marinas of Funchal and Quinta do Lorde,
respectively.

Furthermore, our literature survey found records of five
species of Bugulidae: Bugulina calathus minor, Bugulina
avicularia, Bugulina ditrupae, Crisularia gracilis for
Madeira, and Crisularia plumosa for Porto Santo (see
Table 1).

However, Bugulina calathus minor (sample MMF31648),
earlier reported from Funchal harbour in 1998 by Alves
and Cocito [36], was carefully examined during this study
and is now recognised as co-specific with our B. flabel-
lata samples. Nevertheless, species found in our litera-
ture survey were not detected in our samples except for
C. gracilis and B. flabellata. Consequently, B. flabellata
was therefore detected in Funchal harbour in 1998 [36],
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and recently in the marinas of Calheta and Funchal in
2013 and 2014 respectively (see Table 1).

Finally, as a result of our dry dock inspections, we have
found records of four Bugulidae species: B. neritina, B.
stolonifera, B. fulva and B. simplex. The most prevalent of
these species was Bugula neritina, found in seven vessels
(in four foreign vessels and in three domestic vessels).
Bugulina stolonifera was present in one recreational ves-
sel with Northern Europe origin. Finally, Bugulina fulva
and Bugulina simplex were both detected in one local
recreational vessel from Funchal. Next, we describe the
seven Bugulidae species detected in artificial substrates
in the Madeira archipelago from 2013 to 2015:

Order CHEILOSTOMATIDA Busk, 1852
Family BUGULIDAE Gray, 1848

Genus Bugula Oken, 1815

Bugula neritina (Linnaeus, 1758)
(Figure 2; Table 1)

Sertularia neritina Linnaeus, 1758: 815.
Bugula neritina: Prenant & Bobin, 1966: 492,
Figs 158VII, 159 III, 161 I, II, 162; Ryland & Hayward,
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1977: 162, Fig 78; Hayward & Ryland, 1998: 220, Fig 68;
Ryland et al., 2011: 19 Figs. 1, 2.

Material examined: MMF44785 (23/10/2013, Dry
dock inspections), MMF44786 (11/10/2013, Quinta do
Lorde), MMF44787 (13/01/2014, Funchal) MMF44967
(17/09/2015, Porto Santo).

Diagnosis

Erect colony, branching, forming dense tuft until 10 cm
high. Colony brown reddish, sometimes even violet or
purple. Biseriate branches, with rectangular boat-shaped
autozooids, with almost the entire frontal wall mem-
branous. Autozooids without spines but with the distal
margin well marked. Avicularia absent. Big and globular
ovicells jointed by a peduncle to the maternal zooid and
with oblique orientation.

Remarks

Bugula neritina is a well-known widespread species, it
was first detected for Madeira Island by Norman [29] in
1909 in Funchal, near a coaling ship in natural substrate.
It has not been reported elsewhere, up until 2012 where
it was found growing on the artificial PVC settling plates

Fig. 2 Bugula neritina a, b stereo microscope images of live colony; € SEM view of autozooids; d, e colony with ovicells
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in the marina of Calheta. From 2013 until March 2015,
this species was constantly registered in all marinas of the
South coast of Madeira and also in Porto Santo Island. In
this study, B. neritina is reported here as a first record for
the marina of Porto Santo Island (Table 1).

In addition, we have found B. neritina present in seven
of the nine recreational vessels examined for DDI, in
four foreign vessels, and in three domestic vessels from
Funchal.

Biogeography status: NIS [50, 58—60]

Genus Bugulina Gray, 1848
Bugulina flabellata (Thompson, in Gray, 1848)
(Figure 3; Table 1)

Avicularia flabellata Thompson, in Gray, 1848: 106.

Bugula flabellata: Hincks, 1880: 80, pl. 11, Figs. 1, 2, 3,
4; Prenant & Bobin, 1966: 503, Fig 158 X, XI, 160 I, I} 161
III-V, 167; Ryland & Hayward, 1977: 158, Fig 76; Hay-
ward & Ryland, 1998: 216, Fig 66.

Bugula calathus minor: Alves and Cocito, 2002: 1,
Fig. 1.

Bugulina flabellata: Fehlauer-Ale et al. 2015: 341.

Material examined: MMF44788 (09/08/2013, Cal-
heta) MMF44789 (21/01/2014, Calheta), MMF44790
(15/10/2013, Calheta), MMF44791 (06/02/2015, Fun-
chal), MMF44792 (29/05/2014, Funchal). Other material:
MMEF31648: Bugula calathus minor (01/07/1998, Fun-
chal harbour).

Description

Colonies erect, forming dense tufts, light yellow in col-
our. Branches formed by series of three to eight auto-
zooids in width. Autozooids elongated, rectangular,
about 0.612 mm (0.499-0.763 mm, 19) long and about
0.148 mm (0.130-0.182 mm, 19) wide. Frontal membrane
occupies almost the entire frontal area. Spines very vari-
able in size along the colony. Three spines in the outer
distal corner, the two of them more proximal are directed
obliquely or frontally, and the one more distal is directed
distally. Two spines in the inner distal corner, both with
disto-frontal direction. Pedunculate avicularia positioned
in the distal part of the margin of the frontal membrane,
below the spines. Avicularia on the outer zooids big in
size, about 0.187 mm (0.154-0.218 mm, 16) and smaller
in the inner zooids 0.106 mm (0.094-0123 mm, 11).
The beak of the avicularia abruptly, almost rectangular,
hooked. Globular big ooecia located in the midline of the
maternal zooid. Embryos light yellow in colour.

Remarks
Busk [24] recorded Bugula flabellata var. biseriata s.
ditrupae from Madeira, and subsequently the same
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author [25] identified it as a different species, Bugula
ditrupae and later Norman [29] confirmed this record.
Both species are easily distinguishable, Bugula ditru-
pae is formed by biserial branches and in Madeira it was
recorded always associated with species of the genus
Ditrupa (polichaeta) [29].

Alves and Cocito [36] recorded Bugulina calathus
minor from Madeira Island in 1998. Nevertheless, we
examined the specimen studied by Alves and Cocito [36]
(MMF31648) and it seem co-specific with our material.
It presents the beak of the avicularia hooked almost rec-
tangularly, as it happens in our specimens (can also see in
Alves and Cocito Fig. 1a, note that it is not possible to see
in the Fig. 1b because the position of the avicularia), been
the beak of the avicularia smoothly down-curve in B. cal-
athus [e.g. 47, 62]. Beside, in the avicularia of the speci-
mens from Alves and Cocito [36] have the edge from the
peduncle to the mandibular proximal border shorter and
more curve than in the avicularia of Bugula calathus [e.g.
47,51, 62, 63].

No other records of this species have been detected for
Madeira Island until this work; here, we found B. flabel-
lata for the first time for the marina of Calheta in 2013
and 2014, and for the marina of Funchal in 2014 and 2015.

Biogeography status: native [47, 58]

Bugulina fulva (Ryland, 1960)
(Figure 4, Table 1)

Bugula fulva Ryland, 1960: 86, Figs 1D, 2H, 10 A, B, Pls.
1D, 2B

Bugula fulva, Prenant & Bobin, 1966: 511, Figs 158 IX,
160 VI, 171, 172; Ryland & Hayward, 1977: 160, Fig 77;
Hayward & Ryland, 1998: 218, Fig 67; Vieira et al. 2012:
5, Fig 3E-F.

Bugulina fulva, Fehlauer-Ale et al. 2015: 8.

Material examined: MMF44793 (14/10/2013, Fun-
chal), MMF44794 (01/08/2014, Funchal), MMF44795
(12/03/2014, Dry dock inspections).

Description

Colony erect, forming dense tufts, but non-spiralling,
light yellow to light brown in colour. Branches biserial,
turning to quadriserial close to the dichotomies. Auto-
zooids rectangular or slightly narrower in the proximal
part, 0.605 mm (0494-0.696 mm, 22) long and 0.148 mm
(0124-0.171 mm, 22) wide. The frontal membrane
occupies almost all frontal surface. Three spines in the
outer distal margin (only two in ovicellate zooids) and
two in the inner margin. Avicularia pedunculate, about
0.136 mm (0.102-0.168 mm, 22) long, attached in the
external lateral wall, in the distal half part of the membra-
nous area. In dichotomies can present smaller avicularias
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margin of one colony

Fig. 3 Bugulina flabellata a, b stereo microscope images of live colony; ¢ frontal view of the branching; d colony with ovicelled zooids; e growing

in the inner zooids, but few abundant. Avicularia globu-
lar, with round body and well development rostrum with
the beak down curved. Ooecia subglobular centered in
the midline.

Remarks

To date, Bugulina fulva has never been recorded for both
Madeira and Porto Santo Islands. This study represents
the first record of this species for Madeira Island with
records for the Funchal marina in 2013 and 2014. This
species was also found in one local recreational vessel
from the Funchal marina and still remains undetected
elsewhere in Madeira.

Biogeography status: cryptogenic [57-59]

Bugulina simplex (Hincks, 1886)
(Figure 5, 6; Table 1)

Bugula simplex: Hincks, 1886: 254; Prenant & Bobin,
1966: 505, Fig 158 VI, 160 II, 161 VII, 168; Ryland & Hay-
ward, 1977: 168, Fig 81; Hayward & Ryland, 1998: 226,
Fig 71.

Bugulina simplex: Fehlauer-Ale et al. 2015: 6.

Material examined: MMF44796 (17/01/2014, Quinta
do Lorde), MMF44797 (30/04/2014, Quinta do Lorde),
MMF44798 (30/04/2014, Quinta do Lorde), MMF44799
(26/01/2015, Quinta do Lorde), MMF44800 (11/10/2013,
Quinta do Lorde), MMF44801 (13/01/2014, Funchal)
MMF44802 (12/03/2014, Dry dock inspections).

Description

Colony erect, funnel shape, not-spiralling, up to 3 cm in
height, translucent white to yellow in colour. Branches
formed by series of two to six autozooids, generally nar-
row at their origin and broader distally. Autozooids
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colony; f close-up of avicularia in marginal zooid; g ancestrula

Fig. 4 Bugulina fulva a, b stereo microscope images of live colony; ¢, d SEM images of multiserial branch of two colonies; e basal surface of a

rectangular or lightly wider distally, 0.581 mm (0.476—
0.698 mm, 21) long and 0.136 mm (0.120-0.157 mm,
21) wide; with the frontal surface almost membranous.
Usually one spine in each disto-lateral margin, but occa-
sionally one second short spine is in the outer angle.

Pedunculate avicularia monomorphic, only present in
the marginal zooids, disposed in the distal quarter of the
margin, below the spine; longer that the wide of auto-
zooides, 0.183 mm (0.164—0.209 mm, 22) long. The beak
of the avicularia is down curved. Ooecia hemispherical,
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Fig. 5 Bugulina simplex a, b stereo microscope images of live and dead colony, respectively

0.083 mm (0.076-0.098 mm, 7) long and 0.176 mm
(0.159-0.187 mm, 7) wide; endocist calcified, ectocist
membranous, but lateral and a thin frontal area calcified.

Remarks
This study represents the first record of Bugulina sim-
plex for Madeira, with records in 2013, 2014 and 2015
in the marina of Quinta do Lorde. This species was also
detected at the Funchal marina in 2014 and on one local
vessel by DDI.

Biogeography status: NIS [50, 58, 60]

Bugulina stolonifera (Ryland 1960)
(Figure 7; Table 1)

Bugula stolonifera Ryland 1960: 78; Prenant & Bobin,
1966: 541, Fig 158 XII, 159 II, 187; Ryland & Hayward,
1977: 170, Fig 82; Hayward & Ryland 1998: 228, Fig 72.

Bugulina stolonifera: Fehlauer-Ale et al. 2015: 6.

Material examined: MMF44803 (23/10/2013, Dry
dock inspections), MMF44804 (01/08/2014, Fun-
chal), MMF44805 (23/10/2013, Dry dock inspec-
tions), MMF44806 (23/10/2013, Dry dock inspections),
MMF44807 (30/04/2014, Quinta do Lorde).

Description

Erect colony growing in dense mass but not in spi-
ral development, transparent white in colour. Biserial
branching, but not increasing the number of zooid in
bifurcations. Autozooids long and slender, 0.595 mm
(0.461-0.675 mm, 18) long and 0.133 mm (0.100-
0.165 mm, 18) wide, lightly narrower in the proximal area
of the zooid and lightly longer in the bifurcations. Frontal
membrane occupies approximately three quarters of the
frontal area, with the proximal margin U-shaped. Two

spines in the outer angle, and only one in the inner angle
of the autozooid distal margin. These spines can be very
reduced in some parts of the colony, forming only a small
projection. Pedunculate avicularia monomorphic, globu-
lar, 0.140 mm (0.097-0.155 mm, 25) long; with a short
down curved rostrum, attached bellow the spines in the
outer margin. Ooecia globular, well developed, lightly
wider than long, 0.122 mm (0.101-0.124 mm, 7) long and
0.157 mm (0.140-0.164 mm, 7) wide; with the lateral and
thin proximal part of the ectoecium calcified.

Remarks

Bugulina stolonifera was first reported for Madeira
in the marina of Quinta do Lorde in 2010 by Canning-
Clode, Fofonoff [17]. In 2014, this species was still pre-
sent in the same location. Also in 2013, we detected its
presence during a DDI in a French origin vessel. In 2014,
we recorded the presence of Bugulina stolonifera for the
marinas of Funchal and Quinta do Lorde.

Biogeography status: NIS [17, 50, 58]

Genus Crisularia Gray, 1848
Crisularia gracilis (Busk, 1858)
(Figure 8; Table 1)

Bugula gracilis: Busk, 1858a: 125, PL. 19, Fig. 1; Ryland,
1963: 537, Fig. 1; Bobin & Prenant, 1963: 33, Figs. 1, 2, 3,
4; Prenant & Bobin, 1966: 529, Figs 181, 182.

Crisularia gracilis: Fehlauer-Ale et al. 2015: 9.

Material examined: MMF44808 (16/02/2015, Porto
Santo).

Description
Colony erect, with spiral growing and up to 5 cm high,
yellow pale in colour, with dicotomical branches and
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Fig. 6 Bugulina simplex a SEM view of a colony; b-e colonies with different development of spines and ovicells; f, g same colony with different
multiserial branches development; h ancestrula
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Fig. 7 Bugulina stolonifera a, b stereo microscope images of dead colony; € SEM image of one colony: d bifurcation; e close-up of ovicelled zooids

bifurcation type 3 (Harmer, 1923). Elongated autozoo-
ids, 0.569 mm (0.476-0.662 mm, 9) long and 0.139 mm
(0.105-0.162 mm, 9) wide; the frontal membranous occu-
pies between two-thirds and one half of the frontal area,
with a U shaped proximal edge. Outer distal corner has
generally a short and slender spine; inner side with a longer
spine; and one-third generally longer and slender spine,
about 0.230 mm (0.177-0.280 mm, 6), situated in the mid-
dle of the distal margin, slightly moved to the outer side.
Pedunculate avicularia long, with a well marked indenta-
tion between the frontal body surface and the rostrum;
and presents the beak steep down curved. The avicularias
are few abundant, disposed in the outer margin situated in
the medium of the distance of the membranous area. Ooe-
cia globular with only a small distal area calcified.

Remarks
Crisularia gracilis was first described from Madeira by
Busk [24] in 1858, and it is here described for the first

time for Porto Santo Island. This specimen was col-
lected in 2015 at one of the pontoons at Porto Santo
marina at 0.5 m depth and not from the PVC pan-
els deployed at the marina. The identity of Crisularia
gracilis is confused [see 65] but our specimen seems
to coincide with the original and other subsequent
descriptions found in the literature [24, 62, 65]. Previ-
ous records of this species seem questionable and in
some cases have been assigned to other species (see
Bugula turrita in Ryland [47]).

Biogeography status: due to the problems in the identi-
fication and identity of this species [see 65] and as it was
originally described from Madeira [24], we considered it
here as a cryptogenic species, however additional work
will be necessary to clarify the status of this species.

Genus Virididentula Fehlauer et al. 2015
Virididentula dentata (Lamouroux, 1816)
(Figure 9; Table 1)
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k | .
Fig. 8 Crisularia gracilis a, b stereo microscope images of live colony; € SEM image of the colony: d branches with one avicularia; e part of the
colony with ovicells; f close-up of zooid with avicularia




Ramalhosa et al. Helgol Mar Res (2017) 71:1

Acamarchis dentata Lamouroux, 1816: 135, PL 3,
Figs. 3a, b.

Bugula dentata: Busk, 1852: 46, P135, Figs. 1, 2, 3, 4, 5;
Norman, 1909: 285, Pl. 36, Fig. 3; Florence et al. 2007: 17,
Figs. 5E-F, 20B, 21L.

Virididentula dentata: Fehlauer et al. 2015: 9, Fig. S4.

Material examined: MMF44809 (27/05/2014, Quinta
do Lorde), MMF44810 (16/02/2015, Porto Santo),
MMF44811 (23/10/2013, Porto Santo) MMF44812
(05/08/2013, Quinta do Lorde).

Description

Erect colony, forming branching tufts, with greenish-
grey colour. Zooids dispose in biserial disposition along
the branches, including in the dichotomies, where the
number of zooids is not increasing. Rectangular and
elongated zooid, about 0.541 mm (0473-0.594 mm, 10)
long and 0.184 mm (0.164-0.210 mm, 10) wide; lightly
narrower proximally. The frontal membrane occu-
pies between two-thirds or three quarters of the frontal
area, about 0.357 mm (0.316—0.395 mm, 10) long and
0.144 mm (0.111-0.164 mm, 10) wide; with a narrow
U-shaped proximal edge. Three articulate spines over the
outer distal margin and one in the inner margin. Pedun-
culate avicularia situated to the level of the proximal third
of the frontal membrane; elongated, about 0.182 mm
(0.160-0.199 mm, 14) long; with a long rostrum with the
beak hooked rectangularly and with the distal and cen-
tral margin pointed. Ooecia globular, directed obliquely
inwards.

Remarks

This species was recorded for the first time in Madeiran
waters by Norman [29] in 1909, in Porto Santo Island.
More than a century later, Canning-Clode, Fofonoff [17]
have detected Virididentula dentata (as Bugula dentata)
for Madeira Island in Quinta do Lorde marina in 2007,
2010 and 2012. Since then, it has been detected in both
Quinta do Lorde and Porto Santo marinas in 2013, 2014
and 2015.

Biogeography status: NIS [17]

Discussion

Bryozoans represent a group of colonial invertebrates in
benthic ecosystems and can be commonly found in foul-
ing assemblages [66, 67]. The transportation of fouling
communities in ship hulls is considered a significant and
ancient vector for the introduction of non-indigenous
species at a global scale [68, 69]. Like other fouling com-
munities representatives (e.g. barnacles, mussels) bryozo-
ans seem to present life forms that make survival in ship
hulls possible [70].
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Bugula neritina is a widely known cosmopolitan bryo-
zoan species since the eighteenth century [71], distrib-
uted in warm-temperature and subtropical coastal waters,
known as an important component of the fouling commu-
nities colonizing artificial substrates (see historical review
in Ryland, Bishop [50]). This species is able to attach to
ship hulls [41] showing tolerance to heavy metals, such
as copper and zinc present in several antifouling paints
[55, 72]. Bugula neritina is currently considered a species
complex forming at least three different lineages (Type S,
D and N) that also differ in their distributional patterns
[49, 71, 73, 74]. Type S is the most widely distributed,
appearing in tropical, subtropical and temperate waters
around the world, including the North-eastern Atlantic
[49, 50, 71]. Type D has a more restricted distribution,
probably endemic to California [71, 73] while Type N was
initially found only in the North-western Atlantic [74] but
latter Fehlauer-Ale, Mackie [71] found this type in Towns-
ville (Coral Sea) and Central California, what could indi-
cate a recent expansion. In this context, we presume the
specimens of B. neritina found in Madeiran waters belong
to type S, but we emphasize the need for future molecular
studies to confirm this assumption.

Linnaeus [45] described this species for the Mediter-
ranean and the American seas, but the true origin of B.
neritina remains unknown. According to the dispersal
capacity of a sessile species with a lecitotrophic larva [75,
76] it is not expected the actual distribution of Type S for
natural dispersion. Several haplotypes were discovered
with a long distribution of the Type S, with supported
correlation with sea surface temperature (for more details
see Fehlauer-Ale, Mackie [71]). The study of these differ-
ent haplotypes allow some latitude in speculating about
the possibility of two different origins of Type S for B.
neritina, the North-eastern Pacific (California) or South-
western Atlantic (Brazil) [71].

In Madeira, Bugula neritina was first recorded by Nor-
man [29] in Funchal, near the coaling ship inside the port
area which today no longer exists, since it was destroyed
in the late 1960s. Surprisingly, until recently it has not
been reported elsewhere for Madeira, perhaps due to a
low sampling effort over the years. However, since we
initiated our surveys for NIS diversity in local marinas,
B. neritina was detected on artificial PVC plates in the
Calheta marina in 2012. Moreover, from 2013 to 2015 B.
neritina was always found present in all four marinas of
the Madeira archipelago, including a first record for the
Porto Santo marina in 2013. It is not possible to deter-
mine since when B. neritina has been present in Porto
Santo Island, but we suspect this species has been likely
introduced to both Madeira and Porto Santo via hull
fouling. Bugula neritina is considered here as NIS [50,
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0.5 mm

Fig. 9 Virididentula dentata a, b stereo microscope images of dead and live colony, respectively; € SEM image of the colony: d biserial branches; e
close-up of avicularia; f, g close-up of ovicelled zooids

58-60]. Our data from dry dock inspections indicate a Bugulina flabellata is considered native and widely
significant prevalence in the hull of recreational vessels, distributed in the Western Europe [50], and was also
as it was found present in four foreign vessels and three  recorded in the Mediterranean [77] and Adriatic seas
local recreational vessels from Funchal. [78]. Bugulina flabellata was recently documented as
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introduced in Australia and New Zealand, presum-
ably having travelled on ships [50, 79]. In this study, we
re-examined the material collected by Alves and Cocito
[36] and have corrected its identification to B. flabellata
instead of Bugulina calathus minor, since it is co-specific
with our sampled material. This is still the first record for
Madeira Island which was collected from Funchal har-
bour in 1998 by Alves and Cocito [36]. Since then, we
detected B. flabellata in 2013 and 2014 for the marina
of Calheta and yet again, for the marina of Funchal in
2014 and 2015. Given its broad distribution in European
waters, we considered it as being native in Madeira [47,
58].

Bugulina fulva was first described from the England
Coast [47] occurring in natural (holdfast of Laminaria
and boulders) and artificial substrates, appearing dur-
ing summer in England and Wales [63, 80]. After being
described, Bugulina fulva was recorded from different
parts of the world. Maturo [81] found this species at the
South coast of the USA of America always on natural
substrates. Nevertheless, this species is characterized to
appear as a fouling component on artificial substrates:
was found from the tropical west coast of Africa in the
Luanda harbour (Angola) by Cook [82]; in the western
Mediterranean by Zabala [83]; and in the Adriatic [see
78]. Also, [84, 85] found this species in Belgian waters
colonizing plastic debris. Ronowicz, Kukliniski [80] found
this species as a component fouling assemblages during
summer settlement experiments. Hayward and Ryland
[63] also recorded this species in the West Atlantic coast
from Maine to Brazil. However, no previous records were
found for this species in Madeira Island. According to
the general distribution of this species, we also believe it
could reflect a recent introduction for the Madeira region
and is assigned here as cryptogenic [57-59].

Bugulina simplex is well known from settlement pan-
els used for fouling studies in Britain, but was never
found on natural substrates by dredging [47]. In the USA
(Woods Hole, Massachusetts), it was found mainly on
pier piles and other submerged structures [86], and only
rarely colonizing macroalgae. Nevertheless, [87] found
B. simplex to be abundant on communities of Zostera
marina at 1-6 m depth and in the aquaculture areas of
oysters, present both on oysters and on the cages in the
Mediterranean. Bugulina simplex has been characterized
as a fouling species [47] and recognized as NIS world-
wide [50]. Bugulina simplex appears to have a Mediter-
ranean origin [50] and its presence in Madeiran waters
is probably a result of a recent introduction and assigned
here as NIS [50, 58, 60].

Bugulina stolonifera was first described by Ryland in
1960 from England, mainly found colonizing pier pilings
and hull vessels [47]. Cohen and Carlton [88] considered

Page 150f 18

this bryozoan as probably being native to the Northwest
Atlantic. In Ryland, Bishop [50] Bugulina stolonifera is
recognized as invasive worldwide. Bugulina stolonifera
was first described and assigned for Madeiran waters in
2010 as NIS [17, 50, 58].

Finally, a new genus was recently introduced into the
bryozoan literature to accommodate the species Viridi-
dentula dentata [42], based on molecular analysis and
its peculiar morphological characters. This species was
described by Lamouroux [46] from Australasia, and latter
different records were confirmed in other regions such as
Australia and New Zealand [e.g. 89, 90], South Africa to
Cape Verde [e.g. 91-93], Hawaii [48], and Brazil [94]. This
broad distribution; the intraspecific morphological varia-
tion, mainly related with the zooidal position morphol-
ogy of the avicularia (no giant avicularias were observed
in our specimens); and the orientation of the ooecia [42,
48, 90] could be indicative of a species complex [42, 48].
Some authors consider the Indo-Pacific as the origin of
this species [17, 95], but other authors described it as a
cryptogenic species [94, 96]. For the Madeira region V.
dentata is assigned as NIS [17].

Crisularia gracilis was first described from Madeira by
Busk [24] in 1858, and is here described for the first time
for Porto Santo Island in 2015. Given its original descrip-
tion locality [24] and the lack of more studies we consid-
ered Crisularia gracilis as being a cryptogenic species.

Prior to 2012, eight Bugulidae species were recorded
for the Madeira Archipelago. During our surveys con-
ducted in the four marinas (Calheta, Funchal, Quinta do
Lorde and Porto Santo), we found no evidences for the
occurrence of three of these species: Bugulina avicularia,
Bugulina ditrupae, and C. plumosa. However, we cannot
exclude the possibility of their occurrence in other artifi-
cial or even natural substrates, inside or outside marinas
and harbours in Madeiran waters. Furthermore, we can-
not exclude the possibility of mis-assigned species from
earlier records, as it was seen here for Bugulina flabellata
as Bugulina calathus minor. Unfortunately, it was not
possible to confirm the identity of previously collected
specimens of Bugulina avicularia, Bugulina ditrupae,
and C. plumosa (and found in our literature survey) as
these are not easily accessible, and therefore we suggest
additional studies to confirm the identity of these species.
Nevertheless, we attributed a native status to Bugulina
ditrupae, originally described from Madeira by Busk [24],
while Bugulina avicularia and C. plumosa were consid-
ered cryptogenic [29].

The present paper represents therefore a key contri-
bution to the current understanding of bryozoan spe-
cies of the Madeira Islands, regarding Bugulidae. The
Madeira archipelago has now registered a total of ten
Bugulidae species, with three species present both in
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Madeira and Porto Santo (B. neritina, C. gracilis and V.
dentata), six exclusively found in the Madeira Island (B.
avicularia, B. ditrupae, B. flabellata, B. fulva, B. sim-
plex, and B. stolonifera), and one exclusively found in
the Porto Santo Island (C. plumosa). Our preliminary
findings on dry dock inspections on local and foreign
recreational vessels, support the hypothesis from other
studies, that emphasize hull fouling as a key introduc-
tion vector that contributes to the arrival and spread of
NIS to neighbouring regions. Thus, we strongly believe
that all non-indigenous species of Bugulidae reported
here for the Madeira archipelago were introduced via
hull fouling.
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