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Abstract

Three apparently non-native species o f Bugula  occur in marinas and harbours in Atlantic Europe. The most common, B. neritina, 
was known from a few sites in southern Britain and northern France during the 20th century, following its discovery at Plymouth 
by 1911. During the 1950-60s it was abundant in a dock heated by power station effluent at Swansea, south W ales, where it 
flourished until the late 1960s, while water tem peratures were 7-10°C above ambient. It disappeared after power generation 
ceased, when summer tem peratures probably became insufficient to support breeding. Details o f disappearances have not been 
recorded but B. neritina was not seen in Britain between c 1970 and 1999. Since 2000, it has been recorded along the south coast 
o f England, and subsequently in marinas in the southern North Sea, Ireland and southern Scotland, well to the north o f its former 
range, as well as along the Atlantic coast from Spain to The Netherlands. It has also been introduced to outlying localities such 
as the Azores and Tristan da Cunha. We report that this rapidly spreading form has the same COI haplotype as B. neritina 
currently invasive elsewhere in the world. B. simplex  has been reported less, with 1950s records from settlement panels in some 
Welsh docks. It has not been targeted in most recent m arina surveys but has been observed in southwest England, Belgium and 
The Netherlands. There are almost no recent records o f  B. stolonifera, though it was probably introduced to a few British and 
Irish ports prior to the 1950s. Its current status in most o f western Europe is unknown but it has been reported as expanding 
throughout most o f the world during the last 60 years. Having poorly known distributions, B. simplex  and B. stolonifera  should 
be recorded during future m onitoring o f alien species in Atlantic Europe. Illustrations to aid identification are included for all 
three species.

K ey w o rd s: Bugula, neritina, simplex, stolonifera, invasive, haplotype, W estern Europe

Introduction

Alien marine invertebrates have increased in 
Atlantic European waters in recent decades 
(Galil et al. 2009). The increased volume of 
shipping, perhaps aided by quicker transit times, 
has brought species on ships’ hulls (Minchin and 
Gollasch 2003), and in ballast water and its 
sediments (Carlton 1985). More recently, species 
are increasingly being transported on yachts and 
other small vessels (Ashton et al. 2006; Minchin 
et al. 2006). Following arrival, species may then 
spread into other habitats by a wider range of 
pathways (Minchin et al. 2005), where they may 
impact on native species. Thus, the alien ascidian 
Botrylloides violaceus Oka, 1927, which has 
been introduced to numerous marinas, appeared

in Milford Haven (a major oil and LPG terminal) 
during the last decade. It now occurs in 
abundance on the rocky shores around Pembroke 
Dock, encrusting the fronds of Fucus serratus 
Linnaeus, 1753, which already support a dense 
epibiota (Ryland 2002) with which it is 
successfully competing for space. B. violaceus 
has similarly colonized natural shores in 
Plymouth Sound, following initial detection in 
local marinas. Another source of introductions 
has been the import of non-native oysters 
(Crassostrea virginica (Gmelin, 1791), C. gigas 
(Thunberg, 1793)) accompanied by pest species 
such as Crepidula fornicata  (Linnaeus, 1758) 
and Urosalpinx cinerea (Say, 1822) (see 
Minchin 2007a). A recent bryozoan example is 
Watersipora subtorquata (d’Orbigny, 1852),
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Figure 1. Bugula neritina. A, living material to show distinctive pigmentation; Burghsluis, The Netherlands, 2009 (photo: HDeB); 
B, SEM, Plymouth (photo: ALE Y and JDDB).

Figure 2. Colour morphs of
Bugula neritina: normal, with 
purple pigmentation (left) and 
pale brown, lacking purple 
pigmentation (right). Both 
colonies from Queen Anne’s 
Battery marina, Plymouth, 2009 
(photo: JDDB).

brought to French shores with C. gigas (d’Hondt 
1984; De Blauwe 2000; Ryland et al. 2009). In 
part of Brittany this species has become 
abundant, has spread away from the oyster beds, 
and now competes for under-boulder space with 
native encrusting species (De Blauwe 2005; 
Ryland et al. 2009).

In this paper we update the known 
distributions in Britain and Ireland of non-native 
bryozoans of the genus Bugula Oken, 1815, 
especially the warm-water species B. neritina 
(Linnaeus, 1758). Two other species of Bugula 
that appear clearly to be non-native in Western 
Europe are B. simplex Hincks, 1886, and

B. stolonifera Ryland, 1960, although no-one in 
Britain has been recording them as such. Neither 
species is difficult to identify and full 
descriptions are available (Ryland 1960; Prenant 
and Bobin 1966; Zabala 1986, 1988; Hayward 
and Ryland 1990, 1998; Ryland and Hayward 
1991; De Blauwe 2009); nevertheless, for 
convenience with recognition, we include 
photographs and scanning electron micrographs 
(SEMs) of all three species (Figures 1, 6 and 8). 
It should be noted, however, that several native 
species of Bugula also occur in the region, some 
known to occur in fouling communities, and a 
key including all candidate species (e.g.

18



Alien species of Bugula along the coasts of Atlantic Europe

Hayward and Ryland 1998) should be used 
before concluding that a non-native species has 
been found.

Bugula neritina

Historical review

Linnaeus (1758), listing Ellis (1755), gave the 
habitat of Sertularia neritina as Mediterranean 
and American seas, but Ellis had given the 
locality for his specimens as America -  though 
precisely where is uncertain (Ellis 1753/1754). 
Good descriptions, based on Mediterranean 
material, are available in several languages 
(Gautier 1962; Ryland 1965; Prenant and Bobin 
1966; Riedl 1970; Occhipinti Ambrogi 1981; 
Zabala 1986; De Blauwe 2009). British-sourced 
specimens were used for the descriptions 
appearing in Ryland (I960), Ryland and 
Hayward (1977) and Hayward and Ryland (1990, 
1998), while Winston and Woollacott (2008) 
have recently provided a description, illustrated 
with SEMs, of material from Florida. 
Particularly notable in most freshly collected 
material is the purple coloration (Villela 1948), 
though not always as vivid as in Figure 1A and 
adverse environmental conditions may cause its 
loss. Zooids lack spines and avicularia, and the 
ovicells are oriented obliquely to the branch axis. 
Bugula neritina is today widely distributed in 
warm-temperate and subtropical coastal waters. 
It is a well known fouling organism in the 
Mediterranean Sea and features in several studies 
there and elsewhere (Ryland 1965, 1967; Geraci 
1976; Occhipinti Ambrogi 1981). These studies 
led to the discovery of ‘placentaF nutrition of 
embryos (Woollacott and Zimmer 1975), of 
sibling attraction during settlement (Keough 
1984) and -  most recently -  of bryostatin 
(Newman 1996; Wöss 2005), actually 
synthesised by symbiotic bacteria and now a 
major research endeavour (see Winston and 
Woollacott 2008). (Bryostatin-like compounds 
produced by symbiotic bacteria have more 
recently been reported in B. simplex (Lim and 
Hay good 2004).) The status of B. neritina as a 
ship-fouling organism has been addressed 
widely, particularly in regions -  such as 
Australia, New Zealand and Hawaii -  to which it 
appears to have been introduced on shipping 
(discussion in Ryland 1967 and references 
therein), including the known transport to Britain 
(where it was already established) in the 1950s 
on ships from Australia (Ryland 1960).

Studies encoding the DNA sequence of 
cytochrome c oxidase subunit I (COI) have 
indicated that B. neritina consists of at least 
three genetically distinct (although morpho
logically very similar) putative species along the 
coasts of the USA, with generally congruent 
differences in their ä-proteobacterial symbionts 
and the associated bryostatin products (Davidson 
and Hay good 1999; McGovern and Hellberg 
2003; Mackie et al. 2006). Based on COI 
sequences, McGovern and Hellberg (2003) 
distinguished two cryptic, allopatric species on 
the eastern seaboard of the USA; these occupied 
northern and southern regions either side of Cape 
Hatteras, which could suggest a difference in 
thermal requirements. The southern form on the 
Atlantic coast (also present on the west coast of 
the USA) is globally distributed and is 
considered to have undergone widespread 
introduction as a fouling organism. Distinct 
purple and brown morphs of B. neritina have 
been recorded from the Mediterranean (Port of 
Naples and Corfu), Plymouth, Ireland and Spain 
(Figure 2). These colour forms can co-occur 
attached to the same substrate, suggesting that 
they are not ecophenotypic variants, but it is not 
known if they have taxonomic significance.

Bugula neritina was a known immigrant to 
southern Britain and northern France (Brest and 
St-Malo) in the mid-20th century (Ryland 1960; 
Prenant and Bobin 1966) but, by the end of the 
century, it was thought to be “No longer 
established [in Britain] in the wild” (Eno et al.
1997). The earliest occurrences, however, are not 
well documented. Ryland (1960) summarized 
them as: “From Shoreham to Milford Haven, 
from docks and harbours, especially where the 
water is artificially warmed” . This information 
had been provided by DJ Crisp who, with AP 
Austin, was studying settlement on panels at 
various sites in southern Britain. In fact, since 
Crisp and Austin never published any results, no 
intermediate sites between Shoreham and 
Milford Haven are now known from the 1950s 
and 60s, although power stations cooled by sea 
water existed at Camber Dock, Portsmouth, and 
Holes Bay, Poole (Markowski 1959). [Sadly, 
after a distinguished career in Canada, Prof. Alan 
Austin died shortly before our attempt to contact 
him in 2009.] The supposed importance of 
artificially warmed sites appears to lie solely 
with the Harbour Canal at Shoreham, which was 
warmed by the discharge from the Brighton ‘B ’ 
power station (Crisp and Molesworth 1951; 
Markowski 1959), and the well described
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Figure 3. Water temperatures in Swansea dock system 1958-72, during the period o f full generation and declining use o f  the Tir 
John Power Station. The cooling water intake is at the closed end the King’s Dock and the outfall at the closed end o f the adjacent 
Queen’s Dock. Some temperatures refer to the Service Jetty (SJ) in the Queen’s Dock. Ambient sea temperatures were recorded at St 
Go van’s Light Vessel or Mumbles Pier.

Queen’s Dock in Swansea (Naylor 1957; Ryland 
1960, 1965), discussed below. In view of several 
inaccuracies in the available literature, a brief 
summary of the early occurrences will be given.

The first report of Bugula neritina in England 
was from Plymouth early in the 20th century, 
where M Hasper conducted trials with the 
species in 1911 (Hasper 1912) and Orton (1914) 
observed that the species “grows into huge 
colonies in the inner basin at the Great Western 
Docks” (later known as Millbay Docks) in that 
city (see map in Marine Biological Association 
1957). Its presence had not been recorded in the 
1904 edition of the Plymouth Marine Fauna 
(Marine Biological Association 1904) though, of 
course, it may have been overlooked. Harmer 
(1897), in a note on new or rare British 
bryozoans, written after a visit to Plymouth, did 
not record it either. In the second edition of the 
Fauna (Marine Biological Association 1931), it 
was recorded by Anna Hastings (who noted that 
it released larvae) as having been dredged in the 
Sound, and by Alice Heath (apparently unaware 
of Orton’s (1914) paper) as present in Millbay 
Docks. By the 3rd edition (Marine Biological 
Association 1957), Dr Hastings noted its 
occurrence in Millbay Docks in 1928 (evidently 
Miss Heath’s observation) again without 
referring to Orton’s (1914) paper. The Millbay 
(then Great Western) Docks were built by IK

Brunei to replace existing jetties, and the inner 
basin, accessed through lock gates, was opened 
in 1857 (Plymouth historical website 
http://www.plymouthdata.info/Millbay). For many 
decades the Millbay Docks were Plymouth’s 
maritime hub, with plenty of opportunities for 
B. neritina to have arrived on ships’ hulls 
(Ryland 1967). There was no power station and 
no known heated effluent, but the enclosed 
nature of the inner basin probably facilitated 
higher summer water temperatures. Commercial 
traffic rapidly declined during the 1960s and the 
old docks were converted for use as a ferry 
terminal in 1973-74. The date at which the inner 
basin lock gates were removed is not recorded. It 
is not known when B. neritina disappeared.

The next record, from the Harbour Canal, 
Brighton ‘B ’ Power Station at Shoreham, comes 
only as a brief mention by Crisp and Molesworth 
(1951). The history of occurrences in Milford 
Haven is neither precise nor clear. Crothers 
(1966) appears to have misquoted Ryland’s 
(1960) paper, though B. neritina was certainly 
present on panels deployed by Crisp and Austin 
in one or more dock sites (i.e. Milford, Neyland 
or Pembroke Dock) at about that time (c 1958). It 
should be noted that in 1958 Pembroke Power 
Station had not yet been built; it was constructed 
on reclaimed land between 1965 and 1968, was 
oil fired and operated until 1997. With an output
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of 2000MW it presumably made a substantial hot 
outflow into Pennar Gut, adjacent to Pembroke 
Dock town. It was dismantled between 2000 and 
2003 but is expected to be replaced. The period 
in question also precedes the development of 
Milford Haven as an oil terminal (the first 
refinery opened in 1960). There are no other 
reliable records from Milford Haven until 2009.

At Swansea, B. neritina was found in the 
Queen’s Dock, which opened to shipping in 1920 
primarily to handle crude oil imports for the 
Llandarcy refinery. The date of its arrival is 
unknown, though it was abundant in the Queen’s 
Dock in the late 1950s (Ryland 1960). The Tir 
John power station, which burned powdered 
anthracite waste, opened in 1935. It drew cooling 
water from landward end of the King’s Dock and 
returned it to the corresponding part of the 
parallel but much larger (35 Ha) Queen’s Dock, 
through tunnels ~1 km in length. The K ing’s and 
Queen’s docks are joined by a cut near to the 
shared lock which links them with the open sea. 
The effect of the hot outflow was to maintain 
dock water temperatures 7-10°C above ambient 
(Naylor 1957, 1965a), see Figure 3. For example, 
in January 1946 the effluent had a temperature of 
18°C, the dock water was 12°C, while the sea 
outside was 5°C; the summer dock water 
temperature was just over 26°C (Naylor 1965a). 
The power station worked only intermittently 
after 1960, as newer sources of electricity came 
on line, being often closed down at night. The 
temperature differential (as compared with the 
open sea at St Govan’s Lightship) decreased 
after November 1960, to 2-5°C (Figure 3). Thus 
dock temperatures in January 1962 were 5°C 
above ambient and there was no evidence then 
that the abundance of B. neritina had diminished 
(Naylor 1965a). The fuel was changed to oil in 
1967, but that became less economically viable 
in the early ’70s, and generation finally ceased in 
1976 (Walker 2007).

Prolonged and exceptionally cold winters 
occurred in 1947 and 1963. Each of these was, 
successively, the coldest winter in England, and 
Wales since 1740. In 1947, even in south-west 
England air temperatures were 4-6°C below 
average; inland, sub-zero temperatures persisted 
for over a month (http://www.metofflce.gov.uk/ 
education). 1963 was even colder with air 
temperatures in southern England and Wales 5- 
7°C below average throughout January and most 
o f February. Inland temperatures remained below 
zero from late December 1962 through January 
and scarcely above it until early March.

Considerable damage was done to marine biota 
around Britain (Crisp 1964), although the fauna 
of the Queen’s Dock, Swansea, was not 
mentioned. However, there is an unpublished 
study of settlement in the Queen’s Dock using 
submerged 15x15 cm asbestos panels suspended 
at 1.7 and 4.0 m depth for either 1 or 2 months 
throughout 1963 (Pearce 1967). B. neritina 
began to settle in June/July, with a peak in 
September, some 2 months later than in the years 
observed by Ryland (1960), when the season was 
given as May-October, peak June-August 
(Ryland 1967, Fig. 5). Pearce attributed this 
difference to the lower water temperatures then 
prevailing (Figure 3). In a final survey of the 
Queen’s Dock conducted by SCUBA between 
October 1976 and February 1977 (Bullimore et 
al. 1978) no B. neritina was found. The authors 
were unable to rule out that its absence was a 
result of the normal over-wintering dieback 
exhibited by this species in temperate latitudes 
(Numakunai 1960, Ryland 1967). Given that 
Pearce (1967) found it still settling heavily in 
September 1963, it seems unlikely that complete 
seasonal regression of an extant population 
would have occurred by October in the later 
study. We conclude that B. neritina died out in 
Swansea docks between 1963 and 1976. Thus, 
the precise reasons for the disappearance of the 
once flourishing Plymouth and Swansea 
populations of B. neritina remain unclear, and 
the severe winter of 1963 was not the direct 
cause of its elimination from the Queen’s Dock. 
The most probable explanation is that in summer 
temperatures below about 20°C (Figure 3) the 
colonies never bred successfully. Certainly it had 
disappeared from both localities many years 
before being regarded as extinct in Britain (Eno 
et al. 1997). The improbable cluster of 1995- 
2003 records on the NBN Gateway 
(http://www.nbn.org.uk), from inside or just 
outside Milford Haven, should be discounted as 
misidentifications (the representative specimen 
seen by JSR was B. plumosa).

The reappearance of B. neritina in Britain was 
established during a survey of south coast 
marinas in September 2004 (Arenas et al. 2006), 
where it was present at nine out of 12 sites 
visited from Brighton in the east to Falmouth in 
the west. It was also present in St Peter Port 
harbour, Guernsey (Ryland et al. 2009). There 
are recent published records from Belgium and 
the Netherlands: live colonies were observed on 
a yacht in the marina at Ostend in 1999 
(Kerckhof 2000). Then, in April 2007, colonies
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were found in the marina of Burghsluis, in the 
Oosterschelde, in which, by August of the same 
year, they were very common (Faasse 2007). In 
southern Europe, B. neritina has been introduced 
to Aveiro, Portugal, where (as is often the case) 
it occurs with Tricellaria inopinata (Marchini et 
al. 2007). It has also reached the Azores 
(material sent to JSR by PM Torres) and the 
remote Atlantic island of Tristan da Cunha (M 
Spencer Jones, personal communication). Here 
we add many new records to show the 
distribution at the end of 2009.

Materials and methods

Surveys. The distributions presented here are 
based on Marine Biological Association (MBA) 
surveys targeting non-native sessile fauna in 
England and continental Europe, and on recent 
visits to marinas and harbours in Britain, Ireland 
and southern Europe by the authors (especially 
DM) or collaborators (see Acknowledgements).

Floating pontoons at marina sites were 
examined from the surface by direct visual 
observation. In addition to inspection of the 
pontoons themselves, submerged artificial 
substrates such as hanging ropes, keep cages and 
fenders were pulled up and examined. Hooks, 
nets and scrapers were used if necessary to 
access material for inspection. In some cases, 
leisure craft hulls, especially idle craft immersed 
for more than a year, were also examined for 
B. neritina.

Molecular studies. The section of cytochrome 
c oxidase subunit I (COI gene) analysed by 
Mackie et al. (2006) and originally sequenced by 
Davidson and Hay good (1999) was studied. It 
was sequenced at the MBA in 21 colonies of 
B. neritina from Queen Anne’s Battery Marina, 
Plymouth (UK), including purple and brown 
colour morphs, one colony from Falmouth 
Marina (UK) and 4 colonies from Albufeira 
Marina (Portugal), all collected during 2009. 
Samples were preserved in undiluted ethanol, 
and 4 or 5 zooids of each colony were extracted 
using a standard CTAB protocol. Polymerase 
chain reactions used 0.5 x Flexi Buffer, 0.375 
mM of each dNTP (Promega), 0.017 pM of each 
universal primer LCO1490 and HC02198 
(Folmer et al. 1994), 2.5mM MgCl2, 0.5 U of 
Taq polymerase (Promega), 0.7 pi template DNA 
in a total volume of 25 pi. A PTC Peltier-200 
was used with an initial dénaturation step of 
94°C for 3 minutes, followed by 45 cycles of 
dénaturation at 94°C for 1 minute, 40°C

annealing for 50 seconds, 72°C extension for one 
minute, with a final extension of 72°C for 10 
minutes. PCR products were sent to Macrogen 
Korea for purification and sequencing of both 
strands. A 619 bp sequence was aligned by eye 
in BioEdit (Haii 1999) and compared with the 
globally distributed SI haplotype, Genbank 
accession number AF061432.1, found in shallow 
water on the Californian coast and south of Cape 
Hatteras on the Atlantic coast of the USA 
(Davidson and Haygood 1999; McGovern and 
Hellberg 2003; Mackie et al. 2006).

J. Mackie additionally analysed one Medi
terranean sample for us.

Results

Surveys. The data for Bugula neritina from the 
surveys in Britain and Ireland are presented in 
Figure 4 and Appendix 1. The British and Irish 
records contributed by non-MBA collaborators 
have been verified by JSR, but no DNA analyses 
have been conducted. Several new localities 
were recorded on the south coast of England, and 
colonies were recorded from the east coast as far 
north as Lowestoft, and on the west coast as far 
north as the Firth of Clyde.

In the MBA surveys of the south and east 
coasts of England, B. neritina occurred in 34 out 
of 45 sites visited. Some of the absences can 
probably be explained by unsuitable conditions, 
such as reduced salinity. Only three potential 
sites further north than Lowestoft were 
examined: Grimsby had a good diverse marine 
fauna and a salinity of 28 at the time of the 
survey, but no B. neritina. Wells Harbour had a 
somewhat depauperate fauna, despite full salinity 
(36) at the time of the visit, as did Hull Marina, 
where the salinity was only 18 at the time of 
sampling. Ten of the sites on the south coast of 
England that were surveyed in 2004 (Arenas et 
al. 2006) were re-visited in 2009. The recorded 
occurrence of B. neritina was identical in 2004 
and 2009: the species was absent in Exmouth 
Marina, but present at the remaining nine 
localities (Brighton, Southsea, Gosport, Hamble 
Point, Poole Quay, Weymouth, Torquay, Queen 
Anne’s Battery Plymouth, and Falmouth). One of 
us (JDDB) has an archived sample which was 
collected from Queen Anne’s Battery in 1999. 
B. neritina was not targeted in Ireland during a 
rapid assessment study of floating pontoons in 
2005-6 (Minchin 2007b) but archived material 
examined by JSR revealed its presence at
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Figure  4. Known distribution o f Bugula neritina  in Britain 
and Ireland in the 20th century (inset) and the 21st century 
(main map). Lightning symbols in the 20th century map 
indicate artificially warmed sites.

Malahide Marina on the east coast of Ireland in 
January 2006, so it would have been present at 
this site in 2005, making it the first Irish record.

In 2008, it was found in abundance at a 
marina in Carlingford Lough. Both the Malahide 
and Carlingford marinas were visited by C 
Maggs on 5 August 2008 and then by DM on 11 
September 2008. On 11 September B. neritina 
was found to still be locally abundant at 
Carlingford. However, at Malahide only a single 
poor quality colony of B. neritina could be found 
on 11 September. Tunicates were present at 
Malahide on 5 August but were absent when the 
site was revisited on 11 September. An event 
(possibly heavy freshwater runoff, causing a 
decline in salinity) may have taken place 
between 5 August and 11 September 2008 to 
result in change in the fouling community.

Beyond the British Isles, MBA teams 
conducted surveys in 2005 and 2009, and other 
records have been contributed by the remaining 
authors and collaborators (Figure 5 and 
Appendix 2). The non-MBA contributions have 
been verified by JSR or HDeB. B. neritina was 
recorded along the Atlantic coast of continental 
Europe from the southern Netherlands to Cadiz

Figure  5. Recent records o f Bugula neritina  from the 
Atlantic coast o f m ainland Europe (and Guernsey).

in Spain. The earliest record from France was 
from the marina at Arcachon, Gironde in August 
2001, where the species persists, while the recent 
findings at Morgat (west Brittany) were on small 
boat hulls, together with Watersipora 
subtorquata (see Ryland et al. 2009) and 
Tricellaria inopinata d ’Hondt & Occhipinti 
Ambrogi, 1985 (HDeB). The abundant colonies 
at Cadiz were long and slender when compared 
with Irish specimens. These principally occurred 
close to the water surface. None of these records 
are from open coastlines though B. neritina was 
seen recently (by JSR, September 2003) on the 
rocky shore of Illa de Arousa, Galicia, north
west Spain.

Molecular studies. All colonies of B. neritina 
analysed by the MBA possessed the SI haplo
type of COI noted by Davidson and Haygood 
(1999) and Mackie et al. (2006). (Thus, the 
purple and brown morphs collected in Plymouth 
shared the same haplotype.) The SI haplotype
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F igure 6. Bugula simplex. A , northern  B rittany , F rance; B , G oesse Sas, The N etherlands; C, SEM , as A  (A -C , photos: FIDeB); 
D , SEM  o f  m aterial from  W hangarei, N ew  Z ealand , in  w hich  the spines on the d istal zooid  angles are absent (photo: DP 
G ordon).

characterises the globally introduced populations 
of the putative cryptic species ‘S' within 
B. neritina (Mackie et al. 2006).

A sample from Genoa (Mediterranean, and 
therefore not included in the survey results) was 
analysed by J Mackie and the COI haplotype was 
also the widely invasive SI haplotype. This is

important because no Mediterranean material 
had been included in the original analyses of 
Mackie et al. (2006).

For comparative purposes, DNA extraction 
was attempted on 1950s preserved material from 
Swansea Docks, but no amplification was 
obtained.
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Bugula simplex

Historical review
Until reported in the British Isles (Holyhead 
Harbour and Milford Docks) by Ryland (1958), 
B. simplex was known only from the 
Mediterranean (Calvet 1900, as B. sabatieri: also 
Gautier 1962; Prenant and Bobin 1966) and the 
eastern seaboard of North America (Osburn 
1912, and many other authors, all as 
B. flabellata: Ryland 1960; Ryland and Hayward 
1991). Osburn (1912) stated that “Verrili has 
recorded the species from Vineyard Sound at 6 
to 8 fathoms. It has proved rather uncommon in 
our dredgings, but it grows abundantly on piles 
throughout the region.” In general agreement 
with Osburn (1912), Grave (1930) recorded that 
B. simplex (as B. flabellata) occurred in the 
Woods Hole Eel Pond but not in Vineyard Sound 
(whereas another species, B. turrita , occurred in 
Vineyard Sound but not in the Eel Pond). Grave 
(1930) actually conducted transplant experiments 
with the two species, finding that the transplants 
survived only for a few months and never 
became established. This distribution was duly 
confirmed by Rogick (1964) “ [B. simplex] forms 
thick yellow-orange tufts in protected places 
such as floats in the Eel Pond and piles 
elsewhere.” In the mid-20th century larvae of 
this species (as B. flabellata) were used by WF 
Lynch at Woods Hole in an innovative series of 
papers on their behaviour and physiology (see 
Sears and Woollacott, in press). At the present 
time, a century after Osburn, it appears that 
B. simplex has a very restricted distribution in 
New England (JE Winston, personal 
communication), with a few occurrences in 
Rhode Island and Connecticut, but is still 
seasonally abundant in the Eel Pond; it is also 
present at several sites on Long Island. That the 
distribution of B. simplex is so restricted, in 
habitat and area, on the Atlantic coast of North 
America raises the possibility that it might have 
been introduced with shipping during the 18th or 
19th centuries, and that the Mediterranean is its 
native locality. B. simplex is a distinctive species 
(Figure 6) with multi-serial branches, 
hemispherical ovicells, and long avicularia on 
the marginal zooids only (see Ryland 1960; 
Ryland and Hayward 1991; Hayward and Ryland
1998).

Recent British records (NBN Gateway 
http://www.nbn.org.uk) are from Brighton 
Marina and Suffolk Yacht Harbour (R. Orwell), 
southeast England. This source also includes a

record from 18-30m, off Ardnamurchan Point, 
western Scotland, which seems a highly 
improbable site for a warm water species, falling 
well outside its known habitat and geographic 
range.

Like B. neritina, B. simplex has now been 
recorded from other parts of the world, including 
Australia and New Zealand (Brock 1985; Gordon 
and Mawatari 1992), presumably introduced 
from either the Mediterranean or North America 
(or both). In the New Zealand material (Gordon 
and Mawatari 1992, PI. 6G, and specimens from 
Whangarai (Inglis et al. 2006) sent to JSR by D 
Gordon) the distal spines are reduced to 
prominences or lacking (Figure 6D), but in other 
respects it conforms with Northern Hemisphere 
morphology and appears correctly identified. It 
is not included by name in the book on species 
introduced to Western Australia (Wells et al. 
2009) but the colour photograph attributed to 
B. flabellata  looks like B. simplex. The 
description, insufficiently detailed for critical 
distinction, also conforms more to B. simplex 
than B. flabellata. It should be noted that Bugula 
flabellata  (Thompson in Gray), a native and 
widely distributed species in Western Europe, 
has also been recorded from Australia and New 
Zealand (e.g.. Brock 1985; Gordon and Mawatari 
1992; Hayward and Ryland 1998), presumably 
having travelled on ships.

Results o f  surveys

In the majority of recent surveys, with the 
exceptions of those made by HDeB in The 
Netherlands, Belgium and France, and the MBA 
in England, no search has been made for Bugula 
simplex and B. stolonifera. The records of 
B. simplex are shown in Figure 7 and detailed in 
Appendix 3. It is generally found only during a 
short time of the year, August-September in the 
Netherlands, where it is abundant in marinas 
located in the Ooster- and Westerschelde; even 
in Trébeurden (northern Brittany) the species 
was abundant in July (2002) but very scarce in 
March (2003). It was also found in Plymouth and 
Falmouth, southwest England in summer 2009. 
This accords with the findings of Grave (1930) 
in the Eel Pond at Woods Hole: colonies did not 
mature until June and erect portions never 
survived the winter. Survival was dependent on 
small colonies (8-16 zooids) or regeneration 
from old stolons (as in B. neritina). Failure to 
record the species during MBA surveys of the
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Figure  7. Recent records o f Bugula simplex in NW Europe.

south and east coasts of England in October, 
November and December of 2009 might be 
attributable to its strong seasonality.

Bugula stolonifera

Bugula stolonifera Ryland (1960) colonies form 
dense tufts quite lacking the spiral branching 
patterns of superficially similar species such as 
B. avicularia, B. plumosa and B. turrita (Figure 
8). It has biserial branching, generally two spines 
on the zooid outer angle, and sub-globular 
ovicells (see Ryland 1960; Ryland and Hayward 
1991; Hayward and Ryland 1998). In a major 
contribution to our understanding of morpho
logical variation in Bugula, Rodgers and 
Woollacott (2006) studied the number of spines 
found on the distal angles of >10 000 ancestrulae 
of B. stolonifera in the Eel Pond at Woods Hole. 
They found that nearly 50% of the ancestrulae 
had spine formulae that differed from that 
regarded as typical for the species, namely 3 on 
each distal angle and one situated proximally 
(Ryland 1960). This finding should be borne in 
mind when identifying young Bugula colonies as 
it must be assumed likely to occur to a similar 
extent in other species.

Its status in western Europe is unclear. Apart 
from the 1950-1960 British and Irish records 
(Swansea, Milford Haven, Neyland, and Cobh: 
Ryland 1960, see also NBN Gateway 
http://www.nbn.org.uk), all from docks or 
harbours, Ryland (1960) had specimens only 
from the Mediterranean, where it had been 
confused with other species (such as 
B. avicularia and B. plumosa). The existence of

one nineteenth century specimen, possibly from 
the British Isles, made it difficult to assert that 
the species was then a recent introduction; but 
the absence of this reasonably distinctive species 
from Hincks’ (1880) comprehensive and accurate 
monograph makes it unlikely to have been 
present in the nineteenth century. There is also a 
possible nineteenth century record from the 
former Zuiderzee in The Netherlands (Horst 
1885, as B. avicularia) but B. stolonifera was 
not recorded from Nieuwpoort by Loppens 
(1906). The first Belgian record is from Polk 
(1976, as B. avicularia) in a centre of oyster 
culture in Oostende. At the present time 
B. stolonifera is common in marinas in Belgium 
and The Netherlands but is also present on 
groynes (Koksijde), the seaside of Brouwersdam, 
the Netherlands Institute for Sea Research 
(NIOZ) harbour on Texel, and in canals and 
inland water bodies in Zeeland (De Blauwe 
2009).

Ashelby (2005) has recently recorded 
B. stolonifera from the Outer Harbour, Harwich, 
noting that as the first record from the east coast 
of England. Unverified but plausible British 
records on the NBN Gateway (http://www.nbn. 
org.uk) are from the Fai estuary (1985) and the 
Kenmare River (southwest Ireland, 2007); other 
unverified records at subtidal locations off 
Skomer (southwest Wales), off Hartlepool 
(northeast England) and off Jura (western 
Scotland) seem inherently unlikely, on habitat 
grounds in all cases and geographically also for 
Hartlepool and Jura (B. stolonifera is manifestly 
a warm water species). The Mediterranean 
distribution was given fully by Gautier (1962) -  
from Tunis to Venice -  emphasizing its 
occurrence as “fréquente sur les quais et 
appontements portuaires, comme B. neritina”, 
Koçak (2007) extends that range to the Turkish 
Aegean. Since its description B. stolonifera has 
been recorded in warm temperate waters 
worldwide: Azores (Morton et al. 1998); east 
coast USA (Maturo 1966; Winston 1982, Ryland 
and Hayward 1991); east coast of South America 
(Ramalho et al. 2005; Albano et al. 2006); west 
coast USA (Okamura 1984); Hawaii (Zabin
1999); Japan (Scholz et al. 2003); Australia 
(Ryland 1974; Brock 1985; Wells et al. 2009); 
New Zealand (Gordon and Mawatari 1992; Inglis 
et al. 2006); Arabian Gulf (Jones 1986).

During the surveys reported here, 
B. stolonifera was found only in Queen Anne’s 
Battery Marina, Plymouth on 24/8/09 (MBA 
data; locality details given in Appendix 1).
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Figure  8. Bugula 
stolonifera. A, living 
colonies, Zeebrugge, 
Belgium; B, branches and 
zooids, Koksijde, Belgium; 
C-D, SEMs, Plymouth; E, 
SEM, Goesse Sas, The 
Netherlands; F, SEM of 
avicularium, Plymouth. 
(Photos: A, B, E, HDeB; 
C,D,F, ALEY and JDDB.)

Discussion

The history o f Bugula neritina in a few localities 
in southern Britain is interesting and puzzling. 
That it was present in the enclosed Millbay 
Docks in Plymouth since before 1912 has been 
widely overlooked. While summer temperatures 
may have been quite high in the dock, there is a 
reliable statement that breeding colonies had 
been dredged from The Sound (Hastings in

Marine Biological Association 1931). It is 
frustrating that there are no later observations 
and it is unknown -  even approximately -  when 
the bryozoan disappeared. At two localities 
during the mid-20th century, Shoreham and 
Swansea, B. neritina flourished for a time in 
docks that were warmed by power station 
effluent: only the latter is reasonably
documented. As power generation declined and 
became intermittent, the water temperature in the
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Queen’s Dock fell from 7-10°C above ambient to 
about 3° above, or less. This decline coincided, 
at the outset, with two cold winters, 1961-62 
and, particularly, 1962-63. However, the cold 
temperatures (only 2-3°C in early 1963) in the 
Queen’s Dock did not kill B. neritina, which was 
still present and breeding in late 1963 (Pearce 
1967). The breeding season (in B. stolonifera 
also) was late and short in 1963, occurring 
mainly in September-October instead of from 
May onwards, as had previously been the case 
for both species (Ryland 1960; Pearce 1967). 
This may have led to the local extinction of 
B. neritina as it had almost certainly disappeared 
from the dock by the time of a final survey in 
1976 (Bullimore et al. 1978), though 
B. stolonifera was then still present and breeding 
late in the year. Examination of the water 
temperature data from Queen’s Dock suggests 
that a summer temperature of ~20°C may have 
been necessary for successful breeding of 
B. neritina. B. neritina is assumed to have died 
out in all British localities by the end of the 20th 
century (Eno et al. 1997).

It was, therefore, unexpected to find 
B. neritina well established at 10 sites during a 
survey of marinas along the south coast of 
England in 2004 (Arenas et al. 2006). Searches 
in ~50 marinas in the previous five years by one 
of those authors (PEJ Dyrynda) had first 
identified it at a few sites and it was certainly 
present at Plymouth by 1999. It was suggested 
that the enclosed nature of the marina basins was 
conducive to water temperatures being relatively 
high during summer (as was assumed above for 
the Millbay Docks, Plymouth), so that breeding 
could take place. The rapid spread away from the 
south coast of England (eastwards to Lowestoft 
and The Netherlands, and northwards to 
Carlingford Lough in Ireland and the Firth of 
Clyde in Scotland) seems inconsistent with that 
being the only explanation. The research on 
bryostatins determined that these products 
occurred in some populations but not in others, 
suggesting that cryptic species might be 
involved. Various contemporary studies using 
DNA confirm that B. neritina sensu lato does 
indeed comprise a number of cryptic species. It 
seems possible that the present invasive strain of 
B. neritina , which can be characterized by its 
COI haplotype worldwide (Mackie 2003; Mackie 
et al. 2006, present results), is different from that 
formerly present, i.e. represents a second 
introduction, and is better adapted to breed at 
lower temperatures than that which colonized

southern Britain in the 20th century. 
Unfortunately, no usable DNA could be 
extracted from museum material of B. neritina 
collected from Swansea docks in 1958 (JA 
Mackie, pers. com.). The likely source (or 
sources) of the invasive animals is not known. It 
has been noticed in collections from Corfu, 
Naples, Plymouth and Carlingford that some 
colonies show reduced purple pigmentation of 
the polypide, resulting in colonies with a golden- 
brown overall hue (Figure 2), while the new 
settlement on panels in two marinas in the Firth 
of Clyde was colourless. While the genetic 
explanation for this -  if it is genetic -  is 
unknown, it suggests that changes may be taking 
place, although the purple and brown colour 
forms are shown here to share a common COI 
haplotype. Clearly, this requires further 
investigation.

We wish to draw attention to the probable 
under-recording of Bugula simplex in western 
Europe. It has not been found recently in Milford 
docks, where it occurred in the 1950s, and its 
status in Holyhead harbour is unknown. Since 
being characterised as a fouling species (Ryland 
1960) it has been recognized as invasive (often 
with both B. neritina and B. stolonifera) 
worldwide. The situation for B. stolonifera is 
similar, recognized as an alien worldwide (see 
above) but not being recorded as such in most of 
western Europe (cf. De Blauwe 2009 in regard to 
both species). There are several other species of 
Bugula in western Europe and some, such as 
B. fu lva  and B. plumosa (described in standard 
works such as Ryland 1960 and Hayward and 
Ryland 1990, 1998), frequently occur in harbour 
situations. It seems important at a time of rapid 
distributional change that all alien species should 
be recognized and recorded. It is also stressed 
that colonies of Bugula, like those of many other 
branching species, die down during the winter 
months and surveys for invasive species should 
be scheduled accordingly.

It is clear that Bryozoa are a significant 
fouling component of leisure craft, erect 
branching, encrusting, and folióse forms being 
found on hulls (e.g. Watersipora subtorquata is 
initially encrusting but may become folióse 
(Ryland et al. 2009)). Even uncalcified 
bryozoans such as Zoobotryon verticillatum  have 
been recorded attached to leisure craft hulls and 
this propensity may have been responsible for its 
recent appearance in Madeira (Wirtz and 
Canning-Clode 2009), Lanzarote in the Canary 
Islands (noted by D Minchin in March 2010),
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and Ponta Delgada in the Azores (September 
2009, PM Torres coll., JSR det.). Further spread 
of bryozoans by leisure craft may be expected 
world-wide. In addition, it is has been suggested 
that commercial shipping, long recognized as a 
vector, will pose an increased threat in the 
spread of many marine fouling organisms 
following periods of idleness as a result of global 
economic conditions (Floerl and Courts 2009).

Acknowledgements

We wish to thank those colleagues who have collected Bugula 
and supplied material or records, or assisted this study in 
other material ways: Elizabeth Cook, Christine Beveridge, 
Dennis Gordon, Rohan Holt, Judith Oakley, Christine Maggs, 
Joshua A. Mackie, Anna Occhipinti, Paulo M Torres, 
Francesco Toscana, Judith W inston and Robert M Woollacott. 
We also thank the marina operators and harbour authorities 
for permission to visit their sites. The MBA acknowledges 
funding from the NERC Oceans 2025 programme, The AX A 
Research Fund, The Esmée Fairbaim Foundation, and the 
Interreg IVA Marine xus programme. ALE Y acknowledges 
support from the Porcupine Marine Natural History Society.

References

Albano M, Pon JPS, Obenat S, Genzano G (2006) First 
record o f Phyllochaetopterus socialis Claparède, 1870 
(Annelida: Polychaeta) in Mar del Plata Harbor, Buenos 
Aires, Argentina. Revista de B iología M arina y  Oceano
grafía  41: 245-248, doi:10.4067/S0718-19572006000200013 

Arenas FF, Bishop JDD, Carlton JT, Dyrynda PJ, Farnham 
WF, Gonzalez DJ, Jacobs MW, Lambert C, Lambert G, 
Nielsen SE, Pederson JA, Porter JS, Ward S, W ood CA 
(2006) Alien species and other notable records from a 
rapid assessment survey o f marinas on the south coast o f 
England. Journal o f  the Marine Biological Association o f  
the United Kingdom 86: 1329-1337, doi:10.1017/S00253 
15406014354

Ashelby CW (2005) The occurrence and distribution o f non
native fauna in Harwich Harbour and the Stour and 
Orwell estuaries, including new records o f Caprella 
mutica Schurin 1935 and Bugula stolonifera  Ryland 
1960. Essex N aturalist 22: 103-116 

Ashton G, Boos K, Shucksmith R, Cook E (2006) Risk 
assessment o f hull fouling as a vector for marine non
natives in Scotland. Aquatic Invasions 1: 214-218, 
doi:10.3391/ai.2006.1.4.4 

Brock BJ (1985) South Australian fouling bryozoans. In: 
Nielsen C, Larwood GP (eds), Bryozoa: Ordovician to 
Recent. Olsen and Olsen, Fredensborg, pp 45-49 

Bullimore B, Dyrynda P, Bowden N (1978) The effects o f 
falling temperature on the fauna o f Swansea docks. 
Progress in Underwater Science 3: 135-146 

Calvet L (1900) Contributions à l ’histoire naturelle des 
Bryozoaires ectoproctes marins. Travaux d 'institu t de 
Zoologie de l'Université de M ontpellier et de la Station  
Zoologique de Cette 8: 1-488 

Carlton JT (1985) Transoceanic and interoceanic dispersai 
o f coastal marine organisms: the biology o f ballast 
water. Oceanography and M arine Biology: an Annual 
Review  23: 313-371

Crisp DJ (1964) The effects o f  the severe winter o f 1962- 
1963 on marine life in Britain. Journal o f  Anim al 
Ecology  33: 165-210, doi:10.2307/2355 

Crisp DJ, Molesworth AHN (1951) Habitat o f  Balanus 
amphitrite  var. denticulata  in Britain. Nature (London) 
167: 489-490, doi:10.1038/167489a0 

Crothers JH (1966) Dale Fort marine fauna. Field Studies 
Council, pp 1-169 

Davidson SK, Haygood MG (1999) Identification of sibling 
species o f the bryozoan Bugula neritina  that produce 
different anticancer bryostatins and harbor distinct 
strains o f the bacterial symbiont “Candidatus 
endobugula sertula” . Biological Bulletin  (Woods Hole) 
196: 273-280, doi:10.23 07/1542952 

De Blauwe H (2000) Mosdiertjes gevonden tijdens de SWG- 
reis naar Bretagne 1999. D e Strandvlo  20: 58-72 

De Blauwe H (2005) Bryozoa verzameld tijdens de SWG- 
reis naar Bretagne in April 2005. [Bryozoa collected 
during the SWG-trip to Brittany in April 2005]. De 
Strandvlo  25: 76-82 

De Blauwe H (2009) Mosdiertjes van de Zuidelijke Bocht 
van de Noordzee [Moss animals o f the Southern Bight 
o f  the North Sea]. Vlaams Instituut voor de Zee, Ostend, 
pp 1-464

D ’Hondt JL (1984) Un nouvel immigrant dans le Bassin 
d ’Arcachon, Watersipora aterrima (Ortmann, 1890) 
(Bryozoaire Cheilostome). 109e Congrès national des 
Sociétés savantes, Dijon, 1984, Sciences, pp 237-245 

Ellis J (1753/1754) Observations on a remarkable coralline, 
in a letter from Mr. John Ellis to the Rev. Thomas 
Birch, D.D. Secret. R.S. Philosophical Transactions o f  
the Royal Society o f  London  48: 115-117,
doi:10.1098/rstl.1753.0018 

Ellis J (1755) An essay towards a natural history o f the 
corallines. Published by the author, London, pp 1-103 

Eno NC, Clark RA, Sanderson WG (1997) Non-native 
marine species in British waters: a review and directory. 
Joint Nature Conservation Committee (JNCC), 
Peterborough, pp 1-152 

Faasse MA (2007) Het exotische m osdiertje Bugula neritina 
(Linnaeus, 1758) in Nederland. H et Zeepaard 67: 190- 
192

Floerl O, Inglis GJ (2003) Boat harbour design can 
exacerbate hull fouling. Australian Ecology  28: 116- 
127, doi:10.1046/j. 1442-9993.2003.01254.x 

Floerl O, Coutts A (2009) Potential ramifications o f the 
global economic crisis on human-mediated dispersal o f 
marine non-indigenous species. M arine Pollution  
Bulletin  58:1595—1598 doi:10.1016/j.marpolbul.2009.08.003 

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R (1994) 
DNA primers for amplification o f mitochondrial 
cytochrome c oxidase subunit I from diverse metazoan 
invertebrates. M olecular M arine B iology and 
Biotechnology  3: 294-299 

Galil B, Gollasch S, Minchin D, Olenin S (2009) Alien 
marine biota o f Europe. In: Nentwig W (ed) DAISIE 
The handbook o f alien species in Europe: invading 
nature: Springer series in invasion ecology 3. Springer, 
The Netherlands, pp 93-104 

Gautier YV (1962) Recherches écologiques sur les 
Bryozoaires chilostomes en Méditerranée occidentale. 
Université d ’Aix-M arseille, Aix-en-Provence, pp 1-434 

Geraci S (1976) Infralittoral Bryozoa settled on artificial 
substrata in the Ligurian Sea. In: Pouyet S (ed) Bryozoa 
1974. Proc. 3rd Conference, International Bryozoology 
Association. Université Claude Bernard, Lyon, pp 335- 
346

29



J.S. Ryland et al.

Gordon DP, Mawatari SH (1992) Atlas o f marine-fouling 
Bryozoa o f New Zealand ports and harbours. 
M iscellaneous Publications o f  the New Zealand  
Oceanographic Institute  107: 1-158 

Grave BH (1930) The natural history o f Bugula flabella ta  at 
Woods Hole, M assachusetts, including the behavior and 
attachment o f  the larva. Journal o f  M orphology 49: 
355-384, doi: 10.1002/jmor. 1050490204 

Haii T (1999) BioEdit: a user-friendly biological sequence 
alignment editor and analysis program for Windows 
95/98/NT. Nucleic Acids Symposium Series 41: 95-98 

Harmer SF (1897) Note on new or rare British marine 
Polyzoa. Journal o f  the Marine Biological Association o f  the 
United Kingdom 5: 51-53, doi: 10.1017/S0025315400010572 

Hayward PJ, Ryland JS (1990) The marine fauna o f the 
British Isles and north-west Europe, Volume 2 molluscs 
to chordates, The Clarendon Press, Oxford, pp 628-996 

Hayward PJ, Ryland JS (1998) Cheilostomatous Bryozoa. 
Part 1, Aeteoidea -  Cribrilinoidea. Synopses o f  the 
British Fauna, NS 10: 1-366 

Hasper M (1912) On a method of rearing larvae of Polyzoa. 
Journal o f  the Marine Biological Association o f  the United 
Kingdom 9: 435-436 

Hincks T (1880) A history o f the British marine Polyzoa.
Van Voorst, London, Vol. 1, pp 1-601 ; Vol 2, PI 1-83 

Horst R (1885) Eerste Vervolg op den Catalogus van de 
Verzameling van de Nederlandsche Dierkundige 
Vereeniging. Tijdschrift Nederlandsche D ierkundige  
Vereeniging 6: 194-199 

Inglis G, Gust N, Fitridge I, Floerl O, Woods C, Hayden B, 
Fenwick G (2006) W hangarei Harbour (W hangarei Port 
and Marsden Point). Baseline survey for non-indigenous 
marine species. Biosecurity. New Zealand Technical 
Paper 2005/16: 1-101 

Jones DA (1986) A field guide to the sea shores o f Kuwait 
and the Arabian Gulf. University o f Kuwait, Kuwait, 
192 pp

Keough MJ (1984) Kin-recognition and the spatial 
distribution o f larvae o f the bryozoan Bugula neritina 
(L.). Evolution  38: 142-147, doi:10.2307/2408553 

Kerckhof F (2000) W aarnemingen van de mosdiertjes 
Cryptosula pallasiana  (Moll, 1803), Bugula stolonifera  
Ryland, 1960 en Bugula neritina  (Linnaeus, 1758), 
nieuw voor de Belgsiche fauna. De Strandvlo  20: 114- 
126

Koçak F (2007) Bryozoan assemblages at some marinas in 
the Aegean Sea. M arine B iodiversity Records 1: 1-6 

Lim G, Haygood M (2004) ‘Candidatus Endobugula 
glebosa’, a specific symbiont o f the marine bryozoan 
Bugula simplex. A pplied  Environmental M icrobiology  
70: 4921-4929, doi:10.1128/AEM.70.8.4921-4929.2004 

Loppens K (1906) Bryozoaires marins et fluviátiles de la 
Belgique. Annales de la Société Royale Zoologique de 
Belgique  41: 286-321 

Mackie JA (2003) A molecular analysis o f bryozoan 
dispersal, Unpublished PhD thesis, University o f 
Melbourne, 202 pp 

Mackie JA, Keough MJ, Christidis L (2006) Invasion 
patterns inferred from cytochrome oxidase I sequences 
in three bryozoans, Bugula neritina , Watersipora 
subtorquata, and Watersipora arcuata. M arine Biology  
149: 285-295

Marchini A, Cunha MR, Occhipinti-Ambrogi A (2007) First 
observations on bryozoans and entoprocts in the Ria de 
Aveiro (NW Portugal) including the first record o f the 
Pacific invasive cheilostome Tricellaria inopinata. 
M arine Ecology: an Evolutionary Perspective  28
(Suppl. 1): 154-160, doi:10.1111/j. 1439-0485.2007.00173.x

Marine Biological Association (1904) Plymouth marine
invertebrate fauna, 2nd ed. Journal o f  the Marine 
Biological Association o f  the United Kingdom 7: 155-298, 
doi: 10.1017/S0025315400073483 

Marine Biological Association (1931) Plymouth marine
fauna. Marine Biological Association, Plymouth, 371 pp 

Marine Biological Association (1957) Plymouth marine
fauna. Marine Biological Association o f the United
Kingdom, Plymouth, 457 pp 

Markowski S (1959) The cooling water o f power stations: a 
new factor in the environment o f marine and freshwater 
invertebrates. Journal o f  Anim al Ecology  28: 243-258 

Maturo FJS (1966) Bryozoa o f the southeast coast o f  the 
United States: Bugulidae and Beaniidae (Cheilostomata: 
Anasca). Bulletin o f  M arine Science 16: 556-583 

McGovern TM, Hellberg ME (2003) Cryptic species, cryptic 
endosymbionts, and geographical variation in chemical 
defences in the bryozoan Bugula neritina. M olecular 
Ecology  12: 1207-1215, doi: 10.1046/j.l365-294X. 2003.
01758.x

Minchin D, Gollasch S, W allentinus I (2005) Vector 
pathways and the spread of exotic species in the sea. 
IC ES Cooperative Research Report 271, 29 pp 

Minchin D (2007a) Aquaculture and transport in a changing 
environment: overlap and links in the spread o f alien 
biota. M arine Pollution Bulletin  55: 302-313,
doi: 10.1016/j. marpolbul.2006.11.017 

Minchin D (2007b) Rapid coastal survey for targeted alien 
species associated with floating pontoons in Ireland. 
Aquatic Invasions 2: 63-70, doi:10.3391/ai.2007.2.1.8 

Minchin D, Floerl O, Savini D, Occhipinti-Ambrogi A 
(2006) Small craft and the spread o f exotic species. In: 
Davenport J, Davenport JL (eds) The ecology of 
transportation: managing m obility for the environment, 
Springer, The Netherlands, pp 77-97 

Minchin D, Gollasch S (2003) Fouling and ships’ hulls: how 
changing circumstances and spawning events may result 
in the spread o f exotic species. Biofouling  19: 111-122 

Morton B, Britton JC, Frias Martins AM de (1998) Coastal 
ecology o f the Açores. Sociedade Afonso Chaves, Ponta 
Delgada, 249 pp 

Naylor E (1957) Immigrant marine animals in Great Britain.
New Scientist 2: 21-23 

Naylor E (1965a) Biological effects o f  a heated effluent in 
docks at Swansea, S. Wales. Proceedings o f  the 
Zoological Society o f  London  144: 253-268, doi: 10.1111/ 
j. 1469-7998.1965.tb05177.x 

Naylor E (1965b) Effects o f heated effluents on marine and 
estuarine organisms. Advances in M arine B iology  3: 6 3 - 
103, doi: 10.10 16/S0065-2881(08)60396-X 

Newman DJ (1996) Bryostatin -  from bryozoan to cancer 
drug. In: Gordon DP, Smith AM, Grant-Mackie JA (eds) 
Bryozoans in space and time. Proceedings o f the 10th 
International Bryozoology Conference. National 
Institute o f  W ater and Atmospheric Research (NIWA), 
W ellington, pp 9-17  

Numakunai T (1960) An observation on the budding o f the 
stolon o f a bryozoan, Bugula neritina  Linné. Bulletin o f  
the M arine Biological Station o f  Asamushi 10: 99-101 

Occhipinti Ambrogi A (1981) Guide per il riconoscimento 
delle species animali delle acque lagunari e costiere 
italiane 7. Briozoi lagunari. Consiglio nazionale delle 
Ricerche AQ/1/126, 145 pp 

Okamura B (1984) The effects o f  ambient flow velocity, 
colony size, and upstream colonies on the feeding 
success o f Bryozoa. I. Bugula stolonifera  Ryland, an 
arborescent species. Journal o f  Experimental M arine  
B iology and Ecology  83: 179-193, doi: 10.1016/0022- 
0981(84)90044-3

30



Alien species o f Bugula along the coasts of Atlantic Europe

Orton JH (1914) Prelim inary account o f a contribution to an 
evaluation o f the sea. Journal o f  the Marine Biological 
Association o f  the United Kingdom 10: 312-329,
doi: 10.1017/S0025315400007815 

Osburn RC (1912) Bryozoa o f the Woods Hole region.
Fishery Bulletin US 30: 201-266 

Pearce DW (1967) Studies on the plankton o f the Bristol 
Channel. MSc. Thesis, Swansea, 117 pp 

Polk Ph (1976) Inventarisatie plankton: fauna en flora. In : 
Nihoul JCJ, De Coninck L (eds) Project Sea final report: 
7. Inventory o f  fauna  and flo ra  7: 233-311 

Prenant M, Bobin G (1966) Bryozoaires, deuxième partie: 
Chilostomes Anasca. Faune de France  68: 1-647 

Ramalho L, Muricy M, Taylor P (2005) Taxonomy and 
distribution o f Bugula  (Bryozoa: Cheilostomata:
Anasca) in Rio de Janeiro State, Brazil. In: Moyano G, 
HI, Cancino JM, Wyse Jackson PN (eds) Bryozoan 
studies 2004, pp 231-243 

Riedl R (1970) Fauna und Flora der Adria. Paul Parey, 
Hamburg and Berlin, 701 pp 

Rodgers PJ, W oollacott RM (2006) Systematics, variation, 
and developmental instability: analysis o f spine patterns 
in ancestrulae o f a common bryozoan. Journal o f  
Natural H istory  40: 1351-1368 

Rogick MD (1964) Chapter XVII. Phylum Ectoprocta. In: 
Smith R (ed.) Keys to marine invertebrates o f  the 
Woods Hole region. Systematics-Ecology Program, 
Marine Biological Laboratory, Woods Hole, pp 167-187 

Ryland JS (1958) Bugula simplex Hincks, a newly
recognized polyzoan from British waters. Nature  
{London) 181: 1148-1149, doi : 10.103 8/1811146b0 

Ryland JS (1960) The British species o f Bugula  (Polyzoa). 
Proceedings o f  the Zoological Society o f  London  134: 
65-105, doi:10.1111/j. 1469-7998.1960.tb05919.x 

Ryland JS (1965) Polyzoa. Catalogue o f  main marine
fou ling  organisms 2: 1-83 

Ryland JS (1967) Polyzoa. Oceanography and M arine
Biology: an Annual Review  5: 343-369 

Ryland JS (1974) Bryozoa in the Great Barrier R eef
province. Proc 2nd Coral R eef Symp, pp 341-348 

Ryland JS (2002) Life history characters and ecology of 
some incrusting ctenostomate Bryozoa. In: P. Wyse 
Jackson, Jones MS, Buttler C (eds) Proceedings o f the 
12th International Bryozoology Conference, Dublin 
2001. Balkema, Dublin, pp 285-291 

Ryland JS, De Blauwe H, Lord R, Mackie JA (2009) Recent 
discoveries o f alien Watersipora (Bryozoa) in Western 
Europe, with redescriptions o f species. Zootaxa 2093: 
43-59

Ryland JS, Hayward PJ (1977) British anascan bryozoans 
Synopses o f  the B ritish Fauna, NS 10:1-108

S upplem entary  m ate ria l

The following supplementary m aterial is available for this article.

Ryland JS, Hayward PJ (1991) Marine flora and fauna o f the 
north-eastern United States. Erect Bryozoa. NOAA  
Technical Report NM FS  99: 1-48 

Scholz J, Nakajim a K, Nishikawa T, Kaselowsky J, 
Mawatari FS (2003) First discovery o f Bugula  
stolonifera  Ryland, 1960 (Phylum Bryozoa) in Japanese 
waters, as an alien species to the Port o f Nagoya. 
Bulletin o f  Nagoya University M useum  19: 9-19 

Sears M AB, W oollacott RM (in press) Reverend W illiam F. 
Lynch: A Life in Science and Education. In: Wyse 
Jackson PN, Spencer Jones ME (eds) Annals o f Bryo
zoology. Vol 3. International Bryozoology Association, 
Dublin

Sharp KH, Davidson SK, Haygood MG (2007) Localization
o f ‘Candidatus Endobugula sertula’ and the bryostatins 
throughout the life cycle o f  the bryozoan Bugula  
neritina. ISM E Journal 1: 693-702, doi:10.1038/ismej. 
2007.78

Villela GG (1948) Adenochrome-like pigment o f the 
Polyzoa Bugula neritina  (L.). Proceedings o f  the Society  
fo r  Experimental Biology and M edicine  68: 531-533 

W alker AR (2007) The history o f the Tir John power station 
and its relationship with the Crymlyn Bog. The Swansea 
H istory Journal — M inerva  15: 66-85 

W ells FE, McDonald JI, Huisman JM (2009) Introduced 
marine species in Western Australia. Fisheries 
Occasional Publications, Department o f Fisheries, 
W estern Australia, 57 pp 

W inston JE (1982) Marine bryozoans (Ectoprocta) o f the 
Indian River area (Florida). Bulletin o f  the American  
M useum o f  Natural H istory  173: 99-176 

W inston JE, W oollacott RM (2008) Redescription and 
revision o f some red-pigmented Bugula  species. Bulletin  
o f  the M useum o f  Comparative Zoology  159: 179-212, 
doi: 10.3099/0027-4100(2008)159[179:RAROSR]2.0.CO;2 

W irtz P, Canning-Clode J (2009) The invasive bryozoan 
Zoobotryon verticillatum  has arrived at M adeira Island. 
Aquatic Invasions 4: 669-670, doi:10.3391/ai.2009.4.4.11 

W oollacott RM, Zimmer RL (1975) Simplified placenta-like 
system for transport o f  extraembryonic nutrients during 
embryogenesis o f Bugula neritina (Bryozoa). Journal o f  
M orphology  147: 355—377, doi:10.1002/jmor.1051470308 

Wöss ER (2005) Bryostatin -  der krebsbekämpfende 
W irkstoff aus M oostierchen (Bryozoa). In: Wöss E (ed) 
Moostiere (Bryozoa), pp 325-328 

Zabala M (1986) Fauna dels Briozous deis Pasos Catalans.
Institut d ’Estudis Catalans, Barcelona, 833 pp 

Zabala M, Maluquer P (1988) Illustrated keys for the 
classification o f M editerranean Bryozoa. Treballs del 
M useu de Zoologia  (Barcelona) 1988: 1-294 

Zabin CJ (1999) New records o f introduced fouling Bryozoa 
from Oahu, Hawaii. Bishop Museum Occasional 
Papers 59: 46-47

A ppendix 1. Locations o f marinas and harbours in Britain and Ireland surveyed by the authors and collaborators. Y = Bugula  
neritina recorded; N = B. neritina  not observed.

A ppendix 2. Locations in The Netherlands, Guernsey, France, Spain, Portugal and the Azores surveyed by the authors and 
collaborators. Y = Bugula neritina  recorded; N = B. neritina  not observed.

A ppendix 3. Recent records o f Bugula simplex  from marinas in The Netherlands, Belgium, France and southern England.
Y = Bugula simplex recorded; N = B. simplex not observed.

All records will be available at the Regional Euro-Asian Biological Invasions Centre information system (http://www.reabic.net). 
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