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Abstract 
Marinas are known to act as species reservoirs, facilitating the persistence and 
spread of non-native species. Monitoring of marinas for non-native species is 
therefore an essential element of any integrated monitoring programme. Baseline 
and updated survey data are needed to understand the abundance, distribution and 
rate of spread of non-native species within marinas over time in order to support 
management strategies, develop applicable biosecurity measures and inform rapid 
response plans. Rapid assessment surveys (RAS) were employed to survey floating 
pontoons, as well as opportunistically survey intertidal structures, for non-native 
biofouling species in 22 marinas across the Republic of Ireland. A total of 25 non-
native species were recorded: 19 invertebrates and 6 macroalgae, with ascidians 
being the most represented group. Four non-native species not previously reported 
in published literature from the Republic of Ireland were recorded: devil’s tongue 
weed, Grateloupia turuturu Yamada, 1941, the compass sea squirt, Asterocarpa 
humilis (Heller, 1878), the San Diego sea squirt, Botrylloides diegensis Ritter & 
Forsyth, 1917 and the branching bryozoan, Bugulina simplex (Hincks, 1886). Other 
species identified as part of this study and previously reported from Ireland were 
shown to have increased their range. 

Key words: rapid assessment survey (RAS), invasive alien species (IAS), non-
indigenous species, floating pontoons, Ireland 
   
Introduction 

The impact of invasive species is recognised as a major driver of biodiversity 
loss globally (MEA 2005; Hooper et al. 2012), resulting in species 
extinctions (Clavero and García-Berthou 2005) and the homogenisation of 
biological communities (McKinney and Lockwood 1999), with subsequent 
declines in valuable ecosystem services (Charles and Dukes 2008; Pejchar 
and Mooney 2009). Invasive species can have economic and social impacts 
(Pimentel et al. 2005; Williams et al. 2010), reducing crop and aquaculture 
production (Cook et al. 2007; Pejchar and Mooney 2009), damaging 
infrastructure (Thomas 2010; ISAC 2016) and affecting recreation and 
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tourism (Mayfield et al. 2021). The global cost associated with invasive 
species has been estimated at 1.288 trillion USD over the past 50 years 
(Diagne et al. 2021), with an estimated €117 billion between 1960 and 2020 
in Europe alone (Haubrock et al. 2021). 

The spread of marine and coastal non-native species has long been 
attributed to the rise in global shipping and trade (Carlton and Geller 1993; 
Ruiz et al. 1997; Katsanevakis et al. 2013), with ballast water exchange 
(Gollasch 2008; Bailey 2015), hull fouling (Gollasch 2002; Coutts and 
Dodgshun 2007) and aquaculture (Naylor et al. 2001) identified as major 
pathways of introduction and spread. Consequently, international ports 
tend to have greater numbers of non-native species compared to areas with 
less shipping pressure (Wonham and Carlton 2005; Keller et al. 2011; 
Costello et al. 2022). Secondary pathways, such as recreational boating, 
facilitate the spread of species away from these international hotspots to 
natural areas, smaller harbours and recreational marinas (Acosta and 
Forrest 2009; Clarke Murray et al. 2011). There are growing concerns that 
marinas provide “stepping stones” (sensu Floerl et al. 2009) for the dispersal 
and spread of non-native species, and that “spillover” from marinas to natural 
areas—particularly areas containing protected habitats and species—is 
becoming more common (Epstein and Smale 2018; Afonso et al. 2020). 

Recreational marinas contribute to the proliferation of non-native 
species because they act as species reservoirs (Bax et al. 2002; Neves et al. 
2007), facilitating the persistence of fouling species through provision of 
hard substrate (i.e. floating pontoons and other marina infrastructure) 
among otherwise uninhabitable habitats (e.g. “soft bottom” sediment habitat; 
Airoldi et al. 2015). Marinas receive substantially more propagule pressure 
than other parts of the coast (e.g. natural coastline) as they are often 
located in or near large harbours that support international commercial 
shipping. Moreover, marinas support recreational boating traffic, with 
watercraft remaining berthed in marinas for several days, weeks or months 
(Wasson et al. 2001; Wonham and Carlton 2005), allowing the dispersal of 
propagules and larvae from hull-fouling organisms that may have originated 
from ports and harbours further afield (Ruiz and Smith 2005). Marina 
pontoons may therefore act as sentinels for the appearance of new species 
(e.g. Arenas et al. 2006; Collin et al. 2015; Nall et al. 2015), providing 
opportunities to detect new arrivals before they become established and 
spread. 

Invasive fouling species within marinas can be problematic because they 
attach to infrastructure, boat hulls and submerged equipment (Coutts and 
Forrest 2007; Dafforn et al. 2009), resulting in vessels experiencing increased 
drag in the water (with subsequent increase in frequency of hull cleaning) 
(Baital and Utama 2017), thus affecting travel time and fuel consumption 
(Champ 2000; Hakim et al. 2017). Non-native species may reduce local 
biodiversity (Stachowicz et al. 1999) through overgrowing, smothering and 
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outcompeting native biota (e.g. Griffith et al. 2009; Lengyel et al. 2009). 
Furthermore, marine non-natives have been shown to be more prevalent 
on artificial structures, such as floating pontoons and seawalls, compared 
to natural hard substrate (Glasby et al. 2007; Airoldi et al. 2015). This may 
be due to several factors at play in marinas, including sheltered conditions, 
no tidal effect on pontoon assemblages and multilayer fouling creating 
complex biotic structure facilitating recruitment. Additionally, human 
disturbances, such as docking and maintenance, which can physically dislodge 
organisms and create space for new colonisers to exploit, thereby artificially 
influencing succession of the community can play a significant role in 
colonisation by non-native species (Byers 2002; Airoldi and Bulleri 2011). 

Understanding the distribution of existing invasive species along with 
the detection of novel introductions is an essential component of any 
invasive species management programme (Whomersley et al. 2015). Early 
detection of new harmful species and rapidly responding to an incursion is 
vital in the marine environment, as invasive species are extremely difficult 
or impossible to eradicate once established (Katsanevakis et al. 2013). As 
such, monitoring and surveillance programmes to document existing 
invasive species populations and detect new arrivals in order to understand 
abundance and distribution and trigger rapid response plans for harmful 
invasive species are a key requirement to inform invasive species management 
(Keefer et al. 2010; Trebitz et al. 2017). The effectiveness of monitoring 
programmes can be enhanced by carrying out risk assessments of species 
likely to arrive, establish and cause ecological, social and/or economic 
harm (i.e. horizon species) (Roy et al. 2014, 2019; Copp et al. 2016), which 
then can facilitate a targeted monitoring approach. For example, Caulerpa 
taxifolia (M.Vahl) C.Agardh 1817 was discovered during monitoring of a 
California lagoon in 2000, but because it was already listed on the US 
Federal Noxious Weed list, rapid response protocols were quickly activated, 
facilitating containment, treatment and eradication (Anderson 2005). 

The rapid assessment survey (RAS) approach is an established method 
for surveying large geographic areas in a reasonable amount of time by 
employing a qualitative approach in which target species are recorded on 
an abundance scale during timed searches of specific habitats (e.g. Cohen 
et al. 1998, 2005; Arenas et al. 2006). In the context of recreational marinas, 
RAS facilitate the collection of species abundance data over large areas of 
submerged and intertidal hard structure (e.g. pontoons, harbour walls), 
and has been used in marinas around the world to record and map 
presence, abundance and distribution of non-native species, as well as 
document new arrivals (e.g. Pederson et al. 2005; Arenas et al. 2006; 
Minchin 2007a; Bishop et al. 2015a; Collin et al. 2015). 

For this study, RAS of 22 marinas across the Republic of Ireland (RoI) 
were carried out to understand presence and abundance of non-native 
species within these marinas and to detect any new arrivals. 
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Table 1. Details of marinas in the Republic of Ireland where rapid assessment surveys (RAS) were conducted in August–
September 2021 with assocaited water temperature, salinity, number of scrape samples collected and count of non-native species 
detected (“NNS richness”). 

Marina no. Latitude Longitude County Date of survey Water temperature 
(°C) 

Water salinity 
(ppt) 

No. scrape 
samples 

NNS 
richness 

1 55.094829 −7.52931 Donegal 02/09/2021 17.2 35 2 4 
2 55.088181 −7.480902 Donegal 02/09/2021 16.1 35 4 9 
3 54.052407 −6.19122 Louth 01/09/2021 16.4 35 4 12 
4 53.297161 −6.134166 Dublin 30/08/2021 16.6 35 6 14 
5 53.389075 −6.067498 Dublin 31/08/2021 15.8 35 5 8 
6 53.455691 −6.151411 Dublin 31/08/2021 16 35 5 7 
7 52.795744 −6.145389 Wicklow 19/08/2021 17.2 1 0 0 
8 52.172052 −6.58804 Wexford 20/08/2021 16.1 35 3 5 
9 52.260789 −7.10425 Waterford 20/08/2021 17.6 9 3 1 

10 51.866761 −8.213499 Cork 12/08/2021 16.4 35 3 6 
11 51.805324 −8.307795 Cork 17/08/2021 14.8 35 4 2 
12 51.805348 −8.300875 Cork 17/08/2021 14.4 35 3 3 
13 51.805256 −8.295731 Cork 17/08/2021 15.1 35 3 4 
14 51.697249 −8.516043 Cork 13/08/2021 16.7 34 3 1 
15 51.702899 −8.51874 Cork 13/08/2021 14.6 35 5 2 
16 51.63592 −8.710927 Cork 18/08/2021 14.0 35 2 1 
17 51.482874 −9.375318 Cork 18/08/2021 14.2 35 1 6 
18 51.947877 −10.233773 Kerry 23/08/2021 16.8 32 3 2 
19 52.137608 −10.277836 Kerry 24/08/2021 17.4 34 3 4 
20 52.271191 −9.862923 Kerry 25/08/2021 18.4 35 4 7 
21 52.614646 −9.113242 Limerick 26/08/2021 18.4 28 2 3 
22 52.634631 −9.495434 Clare 26/08/2021 19.3 30 4 5 

Materials and methods 

Twenty-two marinas were surveyed around the coast of RoI (Table 1) in 
August and September 2021, covering the north, east, south and southwest 
coasts. Several marinas were located in or adjacent to waterways that 
support international commercial vessel traffic (e.g. Dublin Bay, Cork 
Harbour, Shannon Estuary), while other marinas were located in less 
trafficked waterways where the dominant vessels were recreational boats. 
When reporting on marinas surveyed, marinas were identified using 
numbers for the actual localities because not all marina operators agreed to 
their establishments being explicitly named. 

RAS were carried out from the surface of floating pontoons. Time spent 
at each marina varied based on size of marina, but was typically 
approximately 1 h total, with time at smaller marinas truncated (no less 
than 45 min total) and larger marinas requiring additional time. Non-
native and cryptogenic (i.e. species that cannot be demonstrably classified 
as native or introduced in a particular region; Carlton 1996) species were 
searched for and recorded in 15-minute intervals. For all marinas, if the 
surveyors got to the last 15-minute interval and were still recording new 
species, an additional 15 minutes was added to the search, and so on until 
no new species were recorded. Biota on floating pontoons were visually 
examined, and where biological communities were out of reach, a scraper 
and collection net were utilised to collect organisms for closer 
examination. Other submerged artificial material within marinas, such as 
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hanging ropes and fenders, were also examined in order to ensure as many 
non-native species as possible were accounted for. Although RAS of floating 
pontoons are able to be done at any state of the tide given the design of 
pontoons, these surveys were able to be conducted during ebb tide to allow 
for intertidal structures (e.g. wave breaker walls, marina pilings) to be 
opportunistically examined in order to capture presence and abundance of 
intertidal non-native species. Photographs and short videos of species 
assemblages on floating pontoons were taken underwater using a GoPro 
HERO 8 camera for confirmation of presence of species where possible. 

As some non-native species are inconspicuous because they inhabit the 
interstitial spaces created by other organisms or can only be positively 
identified using microscopic examination, samples were taken in the field 
and transported to the laboratory for further examination. A sample consisted 
of all biota (native and non-native) within an area of approximately 30 × 
30 cm removed from the side of a pontoon using a scraper and sweep net. 
Intertidal structures were not sampled. The number of scrape samples 
collected depended on the size of each marina, with number of samples 
ranging from one in very small marinas (i.e. < 50 berths) to six in very 
large marinas (i.e. > 350 berths) (see Table 1 for number of samples 
collected per marina). At all marinas, locations of scrape samples were 
evenly distributed around the marina, ensuring samples were taken from 
both sheltered and exposed areas of marina if applicable. The location of 
each scrape sample was indicated using a handheld GPS unit (Garmin 
eTrex® 10). Samples were stored in 2.5 Litre collection buckets, preserved 
in 4% formaldehyde solution following standard practice and health and 
safety guidelines and sent to the laboratory for taxonomic identification 
and quantification. 

Given the difficulty in distinguishing between Botrylloides species (i.e. 
B. diegensis, B. leachii, B. violaceus) (Bishop et al. 2015b), organisms were 
only identified as Botrylloides violaceus Oka, 1927 when brooding or 
tadpole larvae were observed. Similarly, organisms were only identified as 
Botrylloides diegensis Ritter & Forsyth, 1917 when the distinctive two-colour 
morphology was observed. Thus, where neither of these characteristics 
were observed, these organisms were labelled as Botrylloides sp. This 
method was followed in the field and laboratory. Similarly, to confirm 
Didemnum vexillum Kott, 2002 identified in the field and to distinguish 
between D. vexillum and D. pseudovexillum (see Turon et al. 2020), 
samples of Didemnum spp. were taken for examination in the laboratory, 
and where necessary, molecular analysis was carried out using 
metabarcoding techniques. 

The semi-quantitative SACFOR scale (JNCC 1990) was utilised to estimate 
overall abundance of non-native and cryptogenic species on a 6-point SACFOR 
scale: 6 = Super abundant, 5 = Abundant, 4 = Common, 3 = Frequent, 2 = 
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Table 2. Abundance of non-native species detected from rapid assessment surveys (RAS) in August and September 2021 
presented by site number (marina) with number of occurrences of each species included. “S” = Super abundance, “A” = Abundant, 
“C” = Common, “F” = Frequent, “O” = Occasional, “R” = Rare. Refer to Table 1 for marina details. 

 
†Species not included in total non-native species count due to uncertainty in identity. 
*Species on Ireland’s High Impact invasive species list. 

Occasional, 1 = Rare. Abundance scores for each species across marina 
sections both in the field and laboratory were averaged and presented for 
each marina. 

Results and discussion 

General results 

Overall, 25 non-native and 20 cryptogenic species were recorded across the 
22 marinas visited, with 7 ascidians, 6 macroalgae, 5 bryozoans, 2 bivalves, 
2 cirripede, 1 amphipod, 1 gastropod and 1 polychaete recorded (Table 2; 
Figures 1, 2; Supplementary material Tables S1, S2). The most frequently 
recorded non-native species was Darwin’s barnacle, Austrominius modestus 
(Darwin, 1854) (n = 21 sites), with this species also having the greatest 
abundance, scoring on average, between “occasional” – “frequent” on the 
SACFOR scale. The marina with the greatest number of non-native species 
was located in Co. Dublin (n = 14 species), while the marina with the 
fewest number was in Co. Wicklow (n = 0 species). Of these 25 species, five 
are on Ireland’s High Impact invasive species list (Kelly et al. 2013): the 
carpet sea squirt, Didemnum vexillum, the Pacific oyster, Magallana gigas 
(Thunberg, 1793), wireweed, Sargassum muticum (Yendo) Fensholt, 1955, 
the leathery sea squirt, Styela clava Herdman, 1881 and wakame, Undaria 
pinnatifida (Harvey) Suringar, 1873. Four species not previously recorded 
in published reports in RoI were recorded: devil’s tongue weed, Grateloupia 
turuturu Yamada, 1941, the compass sea squirt, Asterocarpa humilis (Heller, 
1878), the San Diego sea squirt, Botrylloides diegensis Ritter & Forsyth, 
1917 and the branching bryozoan, Bugulina simplex (Hincks, 1886) (Figure 3). 
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Figure 1. Frequency of non-native species recorded using rapid assesssment surveys in marinas 
in the Republic of Ireland. A total of 22 marinas were surveyed between August–September 2021. 

 

Figure 2. Total number of non-native species (“NNS”) recorded by marina from rapid assessment 
surveys (RAS) carried out in August-September 2021 in the Republic of Ireland. Numbers refer 
to marina codes (see Table 1). Size of red circles indicate number of non-native species recorded, 
while the black circle (Marina 7) denotes a survey but no non-natives found. 
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Figure 3. Distribution of new non-native species (species not previously recorded in published literature) in RoI recorded from 
rapid assessment surveys (RAS) carried out in August-September 2021. Red circles denote presence with the size of the circle 
representing abundance (key: 1 = rare, 2 = occasional, 3 = frequent, 4 = common, 5 = abundant, 6 = super abundant). Empty circles 
represent recorded absence of the species (species was searched for but not found). See Table 1 for marina codes (numbers). 

Species accounts 

Algae 

Codium fragile subsp. fragile (Suringar) Hariot, 1889 
The green alga, Codium fragile subsp. fragile, was found within marinas in 
Lough Swilly and Carlingford Lough during the current surveys. Previous 
reports of this species from the island of Ireland include unpublished 
records in 2014 and 2018 from Counties Mayo and Galway (Biodiversity 
Maps 2022; NBN 2022a) as well as several records from Northern Ireland 
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(NBN 2022a). Bunker et al. (2017) reported C. fragile subsp. fragile as 
widespread on all Irish coasts. There is a lack of information on C. fragile 
subsp. fragile by this name in the published literature (but see Trowbridge 
2001), although this may be due to identity confusions between this species 
and C. fragile subsp. atlanticum (native), with Bunker et al. (2017) suggesting 
that the geographic distribution of these species undergo reassessment. 
Our records represent the northernmost reports of C. fragile subsp. fragile 
in RoI. 

Grateloupia turuturu Yamada, 1941 
This study recorded the red alga, Grateloupia turuturu, commonly known 
as devil’s tongue weed, from a marina in Dublin (Figure 3), which is the 
first published record of this species on the island of Ireland and the first 
record in RoI. This species was locally abundant on a small number of 
floating pontoons which were located near the entrance of the marina and 
was not found from any other location in the marina. Grateloupia turuturu 
is known to originate from the Pacific, but nearest records of this species 
include several records from Belfast Lough in Northern Ireland in 2017 
and every year since, as well as Mill Bay Larne in 2020 (NBN 2022b; J Nunn 
pers. comm.). It was first recorded in England in the late 1960s (Farnham 
and Irvine 1979), and more recently was observed from eight sites from 
Brighton to Exmouth in southern England (Arenas et al. 2006). In a review 
of non-native species within Scottish marinas, G. turuturu was not found 
in any published reports (Foster et al. 2016). This species has been 
previously misidentified as G. doryphora (Montagne) Howe (Gavio and 
Fredericq 2002), but no records under that name were found in RoI. The 
presence of this species in one marina in which it was only locally 
abundant along a small number of pontoons suggests it may be a relatively 
recent arrival. 

Undaria pinnatifida (Harvey) Suringar, 1873 
The first record of U. pinnatifida on the island of Ireland was in 2012 from 
Belfast Lough (Minchin and Nunn 2014), and later from Glenarm in 
Northern Ireland (J Nunn pers. comm.) and in 2016 from Kilmore Quay in 
Co. Wexford (RoI) (Kraan 2017). This species has subsequently been recorded 
from Belfast Lough nearly every year since 2017 (J Nunn pers. comm.). 
Chan et al. (2021) recently reviewed the known records of U. pinnatifida 
from Ireland and provided a new record from Co. Wicklow. Thus, up to 
2020, six records of U. pinnatifida were known from the island of Ireland, 
including two records in Northern Ireland. The current study also found 
U. pinnatifida attached to floating pontoons in a marina in Kilmore Quay, 
confirming its continued presence here, and provides new records from 
Dublin and Tralee Bay (west coast), representing the first published 
records of this species on Ireland’s west coast. This species is on Ireland’s 
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High Alert species list (Kelly et al. 2013), as it is known to spread rapidly in 
introduced areas. For example, U. pinnatifida was first described from 
England in 1994 attached to floating pontoons in the Hamble Estuary 
within the Solent (Fletcher and Manfredi 1995) and has subsequently become 
widespread and common along the south coast of England. Here, it is the 
dominant kelp within most marinas, outcompeting other habitat forming 
species (Farrell and Fletcher 2006; Heiser et al. 2014) with there being 
growing concern of “spillover” of this species into natural habitats (Epstein 
and Smale 2018) where its impact on native ecosystems is largely unknown. 

Ascidians 

Asterocarpa humilis (Heller, 1878) 
The unitary ascidian, A. humilis, commonly known as the compass sea 
squirt, was recorded from two marinas in the Dublin area (Figure 3), 
representing the first records of this species in RoI and the first published 
records of this species for the island of Ireland. The nearest records of this 
species come from Northern Ireland in Strangford Lough in 2020, Belfast 
Lough every year since 2017 and Rathlin Island in 2017, 2018 and 2021 
(J Nunn pers. comm., NBN 2022c). The first report of this species in the 
Northern Hemisphere was from Brittany, France, in 2005, with subsequent 
observations in south and southwest England in 2010 and 2011 and in 
north Wales in 2011 (Bishop et al. 2013). It was later observed in Oban 
(Scotland) in 2013 (Nall et al. 2015) and the Orkney Islands in 2014 
(Kakkonen et al. 2019). Bishop et al. (2015a) documented this species at a 
single marina in southwest England in 2010, and when surveying the same 
marinas in 2013, recorded it at ten marinas, demonstrating that A. humilis 
can spread quickly once introduced and established. In the current study, 
abundances of A. humilis at both marinas were “rare”, and in combination 
with its presence within only two marinas within close proximity to each 
other (approximately 10 km), possibly indicates a relatively recent arrival; 
although lack of targeted monitoring for this species in combination with 
its cryptic form means it could have been present but overlooked for some 
time (Bishop et al. 2013). 

Botrylloides diegensis Ritter & Forsyth, 1917 
Botrylloides diegensis, commonly known as the San Diego sea squirt, has 
only relatively recently been recognised as a non-native species in the 
northeast Atlantic but has been present since at least 2004 (Bishop et al. 
2015b) and is established along southern and south-eastern coasts of 
England. There are no previously published records of B. diegensis on the 
island of Ireland. In the current study, small colonies of B. diegensis were 
found attached to floating pontoons at a single marina in Dublin (Figure 3). 
It is not clear whether the species is newly arrived in Ireland or whether it 
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has previously been overlooked due to confusion with other species. For 
instance, the single colour morphs of B. diegensis, which resemble B. violaceus 
in external appearance, would require genetic analysis for positive 
identification (Bishop et al. 2015b). This species’ apparent absence from 
other marinas visited in the current survey, however, suggests that it is 
currently limited in distribution in Ireland. 

Botrylloides violaceus Oka, 1927 
As with Botrylloides diegensis, it is possible that the colonial ascidian, 
Botrylloides violaceus, has been overlooked in the past due to confusion with 
other species and that its current distribution in Ireland is underestimated. 
Minchin (2007a) provided the first published Irish records of B. violaceus 
within marinas in Carlingford Lough and Malahide Estuary in 2005 and 
2006. Additional records reported on National Biodiversity Network Atlas 
include reports from Northern Ireland in Strangford Lough in 2012 and 
2017 (J Nunn pers. comm.), Belfast Lough in 2011, 2017, 2020, 2021 and 
2022 and Carlingford Lough in 2009 (NBN 2022e). In the present survey, 
this species was confirmed as still present within the same two marinas 
reported by Minchin (2007a), and new records were made from marinas in 
Dublin, Cork Harbour and Kilmore Quay (east coast) as well as on the 
west coast in Dingle Bay and Tralee Bay, representing the first reports of 
this species on the west coast of Ireland. Colonies observed in the marina 
in Dingle Bay, in particular, were concerning as they were the dominant 
fauna on subtidal marina pilings and were also noticeably dominant on 
some floating pontoon sections. 

Corella eumyota Traustedt, 1882 
The first records of the orange-tipped sea squirt, Corella eumyota, were 
from marinas in Carlingford Lough, Dublin, Cork Harbour and Tralee Bay 
(west coast) in 2005 and 2006, representing the first records of this species 
in RoI (Minchin 2007a). During the same surveys, it was discovered in 
Belfast Lough (Minchin 2007a), with subsequent surveys in 2012 determining 
it had spread rapidly and had become widely distributed across marinas in 
Northern Ireland (Minchin and Nunn 2013). It has also been found widely 
distributed around Mullet in Co. Mayo in 2018 (Nunn 2021). The current 
survey found C. eumyota in the same RoI locations with the exception of 
Cork Harbour, but also on floating pontoons in Kilmore Quay (east coast) 
and Baltimore (south coast), with the Baltimore record representing the 
southernmost published report of C. eumyota on the island of Ireland 
(although unpublished records indicate its presence in Lough Hyne and 
intertidally at Baltimore Quay, Clear Island and Sherkin Island (J Nunn 
pers. comm.)). Abundance of all records of C. eumyota from the current 
study were “rare”. This, along with the apparent disappearance of this 
species from the marina in Cork Harbour in 2021 does not fully align with 
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the reports of abundance from 2005–2006, as Minchin (2007a) reported 
C. eumyota individuals as forming extensive clusters and layers on floating 
pontoons and hulls of boats. Possible explanations for this reduction in 
abundance could be the cleaning of pontoons and subsequent inability of 
C. eumyota to recolonise space it had previously dominated. The marina in 
Cork Harbour where it was not recorded during the current surveys 
supported large colonies of D. vexillum (scored as “common” on the abundance 
scale), which was the dominant fauna on several sections of floating pontoons, 
perhaps reducing the ability for C. eumyota to recolonise. 

Didemnum vexillum Kott, 2002 

In surveys conducted in 2005 and 2006 across the island of Ireland 
(Minchin 2007a), colonies initially identified as Didemnum sp. were found 
in a marina in Malahide Estuary (2005) and a marina in Carlingford Lough 
(2006), both located on the east coast of the island (Minchin and Sides 
2006; Minchin 2007a). Due to its sudden appearance in areas that it had 
not been previously found and association with marinas, it was suspected 
that the species was introduced, and its unusual growth form matched with 
specimens recently reported from France and the Netherlands (Minchin 
and Sides 2006). These records were later identified by Lambert (2009) as 
Didemnum vexillum, commonly known as the carpet sea squirt. Although 
clearly a recent introduction, the colonies were noted to already be established 
and highly abundant at both Malahide Estuary and Carlingford Lough. 
Didemnum vexillum was subsequently found attached to oyster trestles in 
south Galway Bay on the west coast of RoI (Minchin and Nunn 2007). The 
first record of this species in the north was from Strangford Lough in 2012 
(Minchin and Nunn 2013) where it is still present to this day (J Nunn pers. 
comm.). In the current surveys, colonies of Didemnum were found at the 
same two marinas from (Minchin 2007a) and were confirmed as D. vexillum 
via examination of mature larvae as well as the morphology of the spicules. 
In addition to Malahide Estuary and Carlingford Lough, confirmed colonies 
of D. vexillum were also found within marinas in Dublin, Cork Harbour 
and Lough Swilly during the current surveys. Past reports of this species 
from the island of Ireland were from Galway Bay and Clew Bay on the west 
coast (McKenzie et al. 2017; Prentice et al. 2021), Dunmanus Bay (Prentice 
et al. 2021) and Strangford Lough in Northern Ireland (Minchin and Nunn 
2013). Records of D. vexillum from the current study provide the first 
accounts of this species in Lough Swilly and Cork Harbour. Recently, 
Prentice et al. (2021) provided evidence of multiple introductions of D. vexillum 
to Britain and Ireland, and it is not clear if the Lough Swilly and Cork 
Harbour records represent spread within Ireland or discrete introductions 
from another source population. 
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Perophora japonica (Oka, 1927) 
The stoloniferous ascidian, P. japonica, commonly known as the creeping 
sea squirt, was recorded from marinas in Carlingford Lough and Malahide 
Estuary during the current survey but was not found in these locations 
despite being searched for in surveys conducted in 2005–2006 (Minchin 
2007a). The first records of this species on the island of Ireland were from 
Strangford Lough in Northern Ireland and Carlingford Lough in RoI in 2012 
(Minchin and Nunn 2013), with subsequent records from those locations 
reported relatively consistently with the most recent records in 2021 (NBN 
2022f; J Nunn pers. comm.). Subsequent surveys in 2015 found this species 
in Mulroy Bay on the north coast of RoI in 2013 and Clew Bay on the west 
coast of RoI (Minchin et al. 2016). Our record from Malahide Estuary 
represents the southernmost record on the island and indicates the species 
is expanding its range south along the east coast of Ireland. Previous to 
records of P. japonica in Ireland, the first record of this species in the 
Atlantic was from northwest France in 1982 where it spread rapidly and was 
observed in high abundance within marinas and coastal areas (Monniot 
and Monniot 1985). This species was later recorded in Britain, first from 
Plymouth in 1999 (Nishikawa et al. 2000) and soon after from the Fleet 
Lagoon along the south coast of England (Baldock and Bishop 2001). 

Bryozoans 

Bugula neritina (Linnaeus, 1758) 
The warm-temperate and subtropical bryozoan, Bugula neritina, was 
found at seven sites in the current study, which included marinas in Lough 
Swilly in the north, Carlingford Lough and Dublin along the east coast, 
Cork Harbour in the southeast and Tralee Bay and the Shannon Estuary in 
the west. Abundances were “rare” to “frequent” except for populations in 
Dublin and Tralee Bay, which were higher (“common”). Previous reports 
of this species in RoI include archived material from a marina in Malahide 
Estuary taken during surveys in 2006 (Minchin 2007a) and later confirmed 
as B. neritina (Ryland et al. 2011; Porter et al. 2017), with subsequent 
observations in RoI from Carlingford Lough in 2008 (Ryland et al. 2011). 
In Northern Ireland, the species was first described from Belfast Lough in 
2012 (Minchin and Nunn 2013; Porter et al. 2017) and has been recorded 
here regularly since with the most recent record being in 2022 (J Nunn 
pers. comm.). In 2013, Kelso-Maguire (2020) reported B. neritina for the 
first time from a marina in Dublin. The results from the current study 
concur with past reports in RoI with the exception of the report from 
Malahide Estuary (Ryland et al. 2011; Porter et al. 2017). It is possible the 
species was in low enough abundances to go undetected in the current 
study in Malahide; however, Ryland et al. (2011) reported the disappearance 
of B. neritina from England from the 1970s to the early 2000s, suggesting 
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the cause to be a reduction in water temperatures. This demonstrates that 
perhaps the species is susceptible to fluxes in temperatures which may 
affect the population to the point of local extinction. Our survey reports 
the first published record of this species on the west coast of RoI. 

Bugulina simplex (Hincks, 1886) 
The current study recorded the branching bryozoan, Bugulina simplex, 
from marinas in Carlingford Lough, Kilmore Quay (east coast) and Tralee 
Bay (west coast), with abundances ranging from “rare” to “frequent”. Little 
published information of this species exists in RoI. A summary of results 
from surveys in Britain and Ireland, in which surveys were conducted in 
Malahide Estuary and Carlingford Lough in 2006 and 2008, did not report 
B. simplex from either location (Ryland et al. 2011). Additionally, it was not 
detected in a survey of bryozoans from Dun Laoghaire Harbour in Dublin 
in 2011 (Kelso and Wyse-Jackson 2012). In Northern Ireland, it was first 
described from Bangor Marina in 2011 and later was reported from five 
sites in 2012 (Porter et al. 2017). In Britain, it was first described from 
Wales by Ryland (1958) and has since spread along most coasts in Britain 
(Ryland et al. 2011; Bishop et al. 2015b; Nall et al. 2015). To our knowledge, 
B. simplex has not been previously recorded in RoI, and our records 
provide the first published report of the species here. 

Bugulina stolonifera (Ryland, 1960) 
The branching bryozoan, Bugulina stolonifera, was found within marinas 
in Lough Swilly, Dublin and Baltimore (south coast). The distribution of 
this species is poorly understood, with a lack of published information 
available from the island of Ireland, although Ryland (1960) included Cobh 
(Co. Cork) within its known geographic distribution. Records in the 
National Biodiversity Network Atlas (NBN 2022g) include one accepted 
report from Kenmare Bay in southwest Ireland in 2007, as well as two 
verified records in Northern Ireland in 2000 and 2014. The paucity of 
information available for B. stolonifera may be attributed to the absence of 
this species on target lists of non-native species surveys as well as challenges 
in identification and confusion with similar species such as B. avicularia 
(Ryland et al. 2011). To our knowledge, this is the first published report of 
B. stolonifera from the island of Ireland since Ryland (1960) and indicates a 
large range expansion since the initial report from Cork. 

Tricellaria inopinata d’Hondt & Occhipinti Ambrogi, 1985 
The current study found T. inopinata at nine locations across Ireland, 
including marinas in Lough Swilly, Carlingford Lough, Dublin, Cork Harbour, 
Baltimore, Dingle Bay and Tralee Bay. Previous records from the island of 
Ireland include published reports from Northern Ireland in 2011 and 2012 
(Nunn et al. 2012; Minchin and Nunn 2013) and Dublin in 2011 (Kelso 
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and Wyse-Jackson 2012). In a review of information to determine current 
European distribution of T. inopinata, Cook et al. (2013) provided records 
of this species from Malahide Estuary in 2006, Cork Harbour in 2009, 
Carlingford Lough in 2009 and Tralee Bay in 2011. Thus, our records, in 
combination with previous reports, suggest the species is becoming 
widespread along Irish coasts. 

Watersipora subatra (Ortmann, 1890) 
This study found W. subatra, commonly known as the red ripple 
bryozoan, at two marinas in the Dublin area. These records concur with a 
bryozoan survey of one of these marinas in 2011 in which W. subatra was 
recorded in low abundance (Kelso and Wyse-Jackson 2012), and in follow-
up surveys, was reported in noticeably higher abundance (Kelso-Maguire 
2020). The first record for Northern Ireland was from in a marina in 
Ardglass Harbour (east coast) in 2012 (Minchin and Nunn 2013; Porter et 
al. 2017). In RoI, there are no known records of this species outside of 
Dublin. Watersipora subatra was found in the Channel Islands in 2007 
(Ryland et al. 2009b) and was first described from England in 2008 from 
Plymouth and Poole, and later recorded from Cornwall to Sussex (Bishop 
et al. 2015b; Wood et al. 2015; O’Shaughnessy et al. 2020). Given its current 
invasion history in England, Bishop et al. (2015b) predicted that W. subatra 
would expand noticeably in terms of prevalence and geographic range and 
this trend may also be expected in Ireland. 

Molluscs 

Magallana gigas (Thunberg, 1793) 
In the early 2000s, only occasional settlements of M. gigas had been reported 
in the wild in Ireland (Boelens et al. 2005), with no known established 
populations despite a substantial oyster fishery in Ireland (Miossec et al. 
2009). The current surveys found individuals of M. gigas attached to floating 
pontoons and intertidal marina pilings in low abundance (“occasional”) in 
the north of Ireland (Lough Swilly), very low abundance (“rare”) in Tralee 
Bay on the west coast and moderate abundance (“frequent”) in the Shannon 
Estuary (west coast). The north of Ireland is known to support 25% of the 
country’s oyster fishery (BIM 2019), perhaps explaining the settlement of 
individuals in Lough Swilly. However, the west coast supports only 4% of 
the fishery (BIM 2019), suggesting that low propagule pressure from the 
small number of farms in this area can facilitate settlement and/or these 
individuals were transported from distant areas as larvae. 

Polychaetes 

Ficopomatus enigmaticus (Fauvel, 1923) 
This study found the trumpet tube worm, F. enigmaticus, within marinas 
in Dublin and Kilrush (west coast). Abundance was “rare” in Dublin, with 
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only a few live individuals observed on a floating pontoon and the hull of a 
boat, both located in the inner part of the marina. In Kilrush, however, 
abundance was much greater, with F. enigmaticus observed commonly on 
floating pontoons and found completely fouling many submerged 
materials such as boat lines and buoys. This species was detected in Kilrush 
in a survey of this marina in 2005–2006, and additionally, at a site in the 
Avoca River where, in the current survey, pontoons were observed to 
support no macroflora/fauna. The first record of this species on the island 
of Ireland is from Cork in 1971 (Kilty and Guiry 1973) and has since been 
recorded from Northern Ireland in 2015 (NBN 2022h).  

Pathways and vectors of introduction and spread 

Several pathways and vectors have been identified that facilitate the 
introduction and spread of marine invasive species. Global shipping is 
recognised as a major pathway of introduction and spread of species via 
hull and sea chest fouling (Gollasch 2002; Coutts and Dodgshun 2007) and 
ballast water exchange (Gollasch 2008; Bailey 2015). Additionally, aquaculture 
and recreational boating are also key pathways as a result of deliberate 
introductions, contaminations and hitchhikers (Critchley et al. 1984; Minchin 
2007b; Darbyson et al. 2009; Clarke Murray et al. 2011). An assessment of 
key introduction vectors in Ireland showed Dublin as a hotspot for species 
introduction due to commercial shipping and recreational boating (Tidbury 
et al. 2016). Costello et al. (2022) carried out an analysis of cargo shipping 
records to determine connectivity of shipping routes between ports in 
Ireland and international ports in order to facilitate horizon scanning for 
marine species likely to invade the island. Their analysis showed high 
connectivity between Ireland and the UK, Western Europe and Scandinavia, 
and found that Dublin was the primary destination port, with approximately 
83% of incoming vessels using the Port of Dublin, followed by Cork Harbour 
(13%), New Ross (2.6%) and Rosslare (1.5%). In the current study, the Dublin 
area supported the greatest number of non-native species (n = 18), while 
Cork Harbour supported fewer species (n = 8) (Figure 2). Furthermore, 
three of the four new records from the current surveys were reported from 
marinas in the Dublin area (A. humilis, B. diegensis and G. turuturu). 

Secondary spread of marine non-native species is often attributed to 
recreational vessels, such as yachts and sail boats, distributing species away 
from primary ports of introduction through local or regional voyages 
(Clarke Murray et al. 2011). As such, recreational watercraft in popular 
recreational harbours such as Dublin, which supports international watercraft, 
may facilitate the spread of species to other harbours around Ireland that 
do not support regular international traffic. This is a potential explanation 
for the relatively high number of non-native species recorded on the west 
and north coasts in Tralee Bay and Lough Swilly, respectively. 
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Several of the marinas surveyed in this study are located within water 
bodies that support oyster and mussel aquaculture facilities (DAFM 2022). 
As aquaculture activities are known to facilitate introduction and spread of 
associated species (Naylor et al. 2001), movement of aquaculture equipment 
from one water body to another within Ireland might also facilitate the 
secondary spread of non-native species around Ireland. In this study, we 
found that sites with the greatest number of non-native species outside of 
the Dublin area support aquaculture activities. For example, 12 and nine 
non-native species were recorded in Carlingford Lough and Lough Swilly, 
respectively, both of which support multiple oyster and mussel aquaculture 
facilities (DAFM 2022). Under the Invasive Alien Species Regulations 
(1142/2014) Member States are required to undertake a pathway analysis 
followed by the development of pathway action plans for priority pathways. 
Evidence presented here indicates that the movement of aquaculture stock 
and equipment may constitute a significant pathway for which a pathway 
action plan could be developed. 

Concluding remarks 

Although the RAS approach is often reliable in the detection of fouling 
species such as sessile invertebrates, macroalgae and associated mobile fauna 
on hard structures such as marina pilings and floating pontoons, it is not 
able to capture soft-bottom habitat, benthic and planktonic species. Thus, 
the list of non-native and cryptogenic species provided within this study 
may not be a complete list of these species within marinas surveyed. Diverse 
sampling techniques including plankton tows and soft-bottom habitat 
sampling such as intertidal core sampling, crab/lobster traps and/or fykes nets 
would be needed to capture the full suite of species of concern (Kakkonen 
et al. 2019). As such, it is likely that some non-native species in these under-
sampled habitats are under-reported or have gone undetected completely. 

In this study, the new species and new localities suggest that consistent 
and regular monitoring of marinas is needed to understand abundance, 
distribution and rates of spread of non-native species along Irish coasts. 
Marinas will likely form a component in future studies of hotspots—
geographic areas identified as supporting activities known to facilitate the 
movement of species—of introduction and spread of marine invasive 
species (Tidbury et al. 2016). As such, monitoring these hotpots and 
proximate natural habitats is needed to provide key information on the 
current baseline and distribution of invasive species. This information can 
be used by several stakeholder groups such as government agencies, port 
authorities and marina operators for early detection of horizon species in 
order to maximise success in preventing establishment of and containing 
newly arrived species via rapid response processes as well as evidence the 
need for biosecurity and track the effectiveness of implemented measures. 
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Regular surveying of marinas for invasive species, using easily applied, 
repeatable and effective approaches such as the RAS method should be a 
key component of any integrated management programme for marine 
invasive species. 

Acknowledgements 
The authors are grateful to J. Nunn for her contributions regarding species records, as well as 
the reviewers for their careful reading of our manuscript and their insightful suggestions. Thank 
you also to marina managers who granted us access for surveys. 

Funding declaration 
The National Parks and Wildlife Service (NPWS) of Ireland commissioned APEM Ltd to carry 
out this work. 

Authors’ contribution 
KAO contributed to sample design and methodology, investigation and data collection, data 
analysis and interpretation and writing original draft and reviewing and editing the manuscript; 
DL contributed to research conceptualization, funding provision and reviewing and editing the 
manuscript; CWA contributed to sample design and methodology, investigation and data 
collection and writing original draft and reviewing and editing the manuscript; RC contributed 
to investigation and data collection and reviewing and editing the manuscript; SP contributed to 
investigation and data collection, data analysis and interpretation; ET contributed to reviewing 
and editing the manuscript; RD contributed to investigation and data collection and reviewing 
and editing the manuscript; PDS contributed to sample design and methodology and writing 
original draft and reviewing and editing the manuscript. All authors contributed to the revision 
of the manuscript. 

References 
Acosta H, Forrest BM (2009) The spread of marine nonindigenous species via recreational 

boating: a conceptual model for risk assessment based on fault tree analysis. Ecological 
Modelling 220: 1586–1598, https://doi.org/10.1016/j.ecolmodel.2009.03.026 

Afonso I, Berecibar E, Castro N, Costa JL, Frias P, Henriques F, Moreira P, Oliveira PM, Silva G, 
Chainho P (2020) Assessment of the colonization and dispersal success of non-indigenous 
species introduced in recreational marinas along the estuarine gradient. Ecological 
Indicators 113: 106147, https://doi.org/10.1016/j.ecolind.2020.106147 

Airoldi L, Bulleri F (2011) Anthropogenic disturbance can determine the magnitude of opportunistic 
species responses on marine urban infrastructures. PLoS ONE 6: e22985, https://doi.org/10. 
1371/journal.pone.0022985 

Airoldi L, Turon X, Perkol-Finkel S, Rius M (2015) Corridors for aliens but not for natives: 
effects of marine urban sprawl at a regional scale. Diversity and Distributions 21: 755–768, 
https://doi.org/10.1111/ddi.12301 

Anderson LW (2005) California’s reaction to Caulerpa taxifolia: a model for invasive species 
rapid response. Biological Invasions 7: 1003–1016, https://doi.org/10.1007/s10530-004-3123-z 

Arenas F, Bishop JD, Carlton JT, Dyrynda PJ, Farnham WF, Gonzalez DJ, Jacobs MW, 
Lambert C, Lambert G, Nielsen SE, Pederson JA (2006) Alien species and other notable 
records from a rapid assessment survey of marinas on the south coast of England. Journal 
of the Marine Biological Association of the United Kingdom 86: 1329–1337, https://doi.org/ 
10.1017/S0025315406014354 

Bailey SA (2015) An overview of thirty years of research on ballast water as a vector for 
aquatic invasive species to freshwater and marine environments. Aquatic Ecosystem Health 
& Management 18: 261–268, https://doi.org/10.1080/14634988.2015.1027129 

Baital MS, Utama IKAP (2017) CFD Analysis into the Drag Estimation of Smooth and Roughened 
Surface Due to Marine Biofouling. IPTEK The Journal for Technology and Science 28(3), 
https://doi.org/10.12962/j20882033.v28i3.3224 

Baldock B, Bishop JD (2001) Occurrence of the non-native ascidian Perophora japonica in the 
Fleet, southern England. Journal of the Marine Biological Association of the United 
Kingdom 81(6): 1067 

Bax N, Hayes K, Marshall A, Parry D, Thresher R (2002) Man-made marinas as sheltered 
islands for alien marine organisms: establishment and eradication of an alien invasive 
marine species. In: Veitch CR, Clout MN (eds), Turning the tide: the eradication of invasive 

https://doi.org/10.3391/mbi.2023.14.2.05
https://www.invasivesnet.org
https://doi.org/10.1016/j.ecolmodel.2009.03.026
https://doi.org/10.1016/j.ecolind.2020.106147
https://doi.org/10.1371/journal.pone.0022985
https://doi.org/10.1371/journal.pone.0022985
https://doi.org/10.1111/ddi.12301
https://doi.org/10.1007/s10530-004-3123-z
https://doi.org/10.1017/S0025315406014354
https://doi.org/10.1017/S0025315406014354
https://doi.org/10.1080/14634988.2015.1027129
https://doi.org/10.12962/j20882033.v28i3.3224


 Non-native species in Irish marinas 

 O’Shaughnessy et al. (2023), Management of Biological Invasions 14(2): 245–267, https://doi.org/10.3391/mbi.2023.14.2.05 263 

species. Proceedings of the International Conference on Eradication of Island Invasives,  
2001, University of Auckland, N.Z. IUCN, Gland, Switzerland, pp 26–39 

Bishop JD, Roby C, Yunnie AL, Wood CA, Lévêque L, Turon X, Viard F (2013) The Southern 
Hemisphere ascidian Asterocarpa humilis is unrecognised but widely established in NW 
France and Great Britain. Biological Invasions 15: 253–260, https://doi.org/10.1007/s10530-
012-0286-x 

Bishop JD, Wood CA, Lévêque L, Yunnie AL, Viard F (2015a) Repeated rapid assessment 
surveys reveal contrasting trends in occupancy of marinas by non-indigenous species on 
opposite sides of the western English Channel. Marine Pollution Bulletin 95: 699–706, 
https://doi.org/10.1016/j.marpolbul.2014.11.043 

Bishop JD, Wood CA, Yunnie AL, Griffiths CA (2015b) Unheralded arrivals: non-native 
sessile invertebrates in marinas on the English coast. Aquatic Invasions 10: 249–264, 
https://doi.org/10.3391/ai.2015.10.3.01 

Boelens R, Minchin D, O’Sullivan G (2005) Climate Change: Implications for Ireland’s Marine 
Environment and Resources. Marine Foresight Series No. 2, Marine Institute, Oranmore, 
Co. Galway, 40 pp 

Bunker F, Brodie JA, Maggs CA, Bunker AR (2017) Seaweeds of Britain and Ireland. 
Princeton University Press, 312 pp 

Byers JE (2002) Impact of non-indigenous species on natives enhanced by anthropogenic 
alteration of selection regimes. Oikos 97: 449–458, https://doi.org/10.1034/j.1600-0706.2002. 
970316.x 

Carlton JT (1996) Biological Invasions and Cryptogenic Species. Ecology 77: 1653–1655, 
https://doi.org/10.2307/2265767 

Cariton JT, Geller JB (1993) Ecological roulette: the global transport of nonindigenous marine 
organisms. Science 261: 78–82, https://doi.org/10.1126/science.261.5117.78 

Champ MA (2000) A review of organotin regulatory strategies, pending actions, related costs 
and benefits. Science of the Total Environment 258: 21–71, https://doi.org/10.1016/S0048-
9697(00)00506-4 

Chan K, Schoenrock K, Power AM, O’Callaghan T, O’Callaghan R (2021) New record of the 
invasive marine alga Undaria pinnatifida (Harvey) Suringar in eastern Ireland. Irish 
Naturalists’ Journal 38: 39–42 

Clarke Murray C, Pakhomov EA, Therriault TW (2011) Recreational boating: a large unregulated 
vector transporting marine invasive species. Diversity and Distributions 17: 1161–1172, 
https://doi.org/10.1111/j.1472-4642.2011.00798.x 

Clavero M, García-Berthou E (2005) Invasive species are a leading cause of animal extinctions. 
Trends in Ecology and Evolution 20: 110, https://doi.org/10.1016/j.tree.2005.01.003 

Charles H, Dukes JS (2008) Impacts of invasive species on ecosystem services. In: Nentwig W 
(ed), Biological invasions. Springer, Berlin, Heidelberg, pp 217–237, https://doi.org/10. 
1007/978-3-540-36920-2_13 

Cohen AN, Mills C, Berry H, Wonham M, Bingham B, Bookheim B, Carlton J, Chapman J, 
Cordell J, Harris L, Klinger T, Kohn A, Lambert C, Lambert G, Li K, Secord D, Toft J 
(1998) Report of the Puget Sound Expedition 8-16 September 1998; a rapid assessment 
survey of non-indigenous species in the shallow waters of Puget Sound. Washington State 
Department of Natural Resources, Olympia, 37 pp 

Cohen AN, Harris LH, Bingham BL, Carlton JT, Chapman JW, Lambert CC, Lambert G, 
Ljubenkov JC, Murray SN, Rao LC, Reardon K, Schwindt E (2005) Rapid assessment 
survey for exotic organisms in southern California bays and harbors, and abundance in port 
and non-port areas. Biological Invasions 7: 995–1002, https://doi.org/10.1007/s10530-004-3121-1 

Collin SB, Tweddle JF, Shucksmith RJ (2015) Rapid assessment of marine non-native species 
in the Shetland Islands, Scotland. BioInvasions Records 4: 147–155, https://doi.org/10.3391/ 
bir.2015.4.3.01 

Cook EJ, Stehlíková J, Beveridge CM, Burrows MT, De Blauwe H, Faasse M (2013) 
Distribution of the invasive bryozoan Tricellaria inopinata in Scotland and a review of its 
European expansion. Aquatic Invasions 8: 281–288, https://doi.org/10.3391/ai.2013.8.3.04 

Cook DC, Thomas MB, Cunningham SA, Anderson DL, De Barro PJ (2007) Predicting the 
economic impact of an invasive species on an ecosystem service. Ecological Applications 
17: 1832–1840, https://doi.org/10.1890/06-1632.1 

Copp GH, Vilizzi L, Tidbury H, Stebbing PD, Tarkan AS, Miossec L, Goulletquer P (2016) 
Development of a generic decision-support tool for identifying potentially invasive aquatic 
taxa: AS-ISK. Management of Biological Invasions 7: 343–350 https://doi.org/10.3391/ 
mbi.2016.7.4.04 

Costello KE, Lynch SA, McAllen R, O'Riordan RM, Culloty SC (2022) Assessing the potential 
for invasive species introductions and secondary spread using vessel movements in 
maritime ports. Marine Pollution Bulletin 1: 113496, https://doi.org/10.1016/j.marpolbul. 
2022.113496 

Coutts AD, Dodgshun TJ (2007) The nature and extent of organisms in vessel sea-chests: a 
protected mechanism for marine bioinvasions. Marine Pollution Bulletin 54: 875–886, 
https://doi.org/10.1016/j.marpolbul.2007.03.011 

https://doi.org/10.3391/mbi.2023.14.2.05
https://www.invasivesnet.org
https://doi.org/10.1007/s10530-012-0286-x
https://doi.org/10.1007/s10530-012-0286-x
https://doi.org/10.1016/j.marpolbul.2014.11.043
https://doi.org/10.3391/ai.2015.10.3.01
https://doi.org/10.1034/j.1600-0706.2002.970316.x
https://doi.org/10.1034/j.1600-0706.2002.970316.x
https://doi.org/10.2307/2265767
https://doi.org/10.1126/science.261.5117.78
https://doi.org/10.1016/S0048-9697(00)00506-4
https://doi.org/10.1016/S0048-9697(00)00506-4
https://doi.org/10.1111/j.1472-4642.2011.00798.x
https://doi.org/10.1016/j.tree.2005.01.003
https://doi.org/10.1007/978-3-540-36920-2_13
https://doi.org/10.1007/978-3-540-36920-2_13
https://doi.org/10.1007/s10530-004-3121-1
https://doi.org/10.3391/bir.2015.4.3.01
https://doi.org/10.3391/bir.2015.4.3.01
https://doi.org/10.3391/ai.2013.8.3.04
https://doi.org/10.1890/06-1632.1
https://doi.org/10.3391/mbi.2016.7.4.04
https://doi.org/10.3391/mbi.2016.7.4.04
https://doi.org/10.1016/j.marpolbul.2022.113496
https://doi.org/10.1016/j.marpolbul.2022.113496
https://doi.org/10.1016/j.marpolbul.2007.03.011


 Non-native species in Irish marinas 

 O’Shaughnessy et al. (2023), Management of Biological Invasions 14(2): 245–267, https://doi.org/10.3391/mbi.2023.14.2.05 264 

Coutts AD, Forrest BM (2007) Development and application of tools for incursion response: 
lessons learned from the management of the fouling pest Didemnum vexillum. Journal of 
Experimental Marine Biology and Ecology 342: 154–162, https://doi.org/10.1016/j.jembe.2006.10.042 

Critchley AT, Dijkema R (1984) On the presence of the introduced brown alga Sargassum 
muticum attached to commercially imported Ostrea edulis in the SW Netherlands. Botanica 
Marina 27: 211–216, https://doi.org/10.1515/botm.1984.27.5.211 

Dafforn KA, Johnston EL, Glasby TM (2009) Shallow moving structures promote marine invader 
dominance. Biofouling 25: 277–287, https://doi.org/10.1080/08927010802710618 

Diagne C, Leroy B, Vaissière AC, Gozlan RE, Roiz D, Jarić I, Salles JM, Bradshaw CJ, 
Courchamp F (2021) High and rising economic costs of biological invasions worldwide. 
Nature 592: 571–576, https://doi.org/10.1038/s41586-021-03405-6 

Darbyson E, Locke A, Hanson JM, Willison JM (2009) Marine boating habits and the potential 
for spread of invasive species in the Gulf of St. Lawrence. Aquatic Invasions 4: 87–94, 
https://doi.org/10.3391/ai.2009.4.1.9 

Epstein G, Smale DA (2018) Environmental and ecological factors influencing the spillover of 
the non-native kelp, Undaria pinnatifida, from marinas into natural rocky reef communities. 
Biological Invasions 20: 1049–1072, https://doi.org/10.1007/s10530-017-1610-2 

Farrell P, Fletcher RL (2006) An investigation of dispersal of the introduced brown alga 
Undaria pinnatifida (Harvey) Suringar and its competition with some species on the man-
made structures of Torquay Marina (Devon, UK). Journal of Experimental Marine Biology 
and Ecology 334: 236–243, https://doi.org/10.1016/j.jembe.2006.02.006 

Farnham WF, Irvine LM (1979) Discovery of members of the red algal family Solieriaceae in 
the British Isles. British Phycological Journal 14: 123 

Fletcher RL, Manfredi C (1995) The occurrence of Undaria pinnatifida (Phaeophyceae, 
Laminariales) on the south coast of England. Botanica Marina 38: 355–358, https://doi.org/ 
10.1515/botm.1995.38.1-6.355 

Floerl O, Inglis GJ, Dey K, Smith A (2009) The importance of transport hubs in stepping‐stone 
invasions. Journal of Applied Ecology 46: 37–45, https://doi.org/10.1111/j.1365-2664.2008.01540.x 

Foster V, Giesler RJ, Wilson A, Nall CR, Cook EJ (2016) Identifying the physical features of 
marina infrastructure associated with the presence of non-native species in the UK. Marine 
Biology 163: 1–14, https://doi.org/10.1007/s00227-016-2941-8 

Gavio B, Fredericq S (2002) Grateloupia turuturu (Halymeniaceae, Rhodophyta) is the correct 
name of the non-native species in the Atlantic known as Grateloupia doryphora. European 
Journal of Phycology 37: 349–359, https://doi.org/10.1017/S0967026202003839 

Glasby TM, Connell SD, Holloway MG, Hewitt CL (2007) Nonindigenous biota on artificial 
structures: could habitat creation facilitate biological invasions? Marine Biology 151: 887–895, 
https://doi.org/10.1007/s00227-006-0552-5 

Gollasch S (2002) The importance of ship hull fouling as a vector of species introductions into 
the North Sea. Biofouling 18: 105–121, https://doi.org/10.1080/08927010290011361 

Gollasch S (2008) Is ballast water a major dispersal mechanism for marine organisms? In: 
Caldwell MM, Heldmajer G, Jackson RB, Lange OL, Mooney HA, Schulze ED, Sommer U 
(eds), Biological Invasions. Springer, Berlin, Heidelberg, pp 49–57, https://doi.org/10.1007/ 
978-3-540-36920-2_4 

Griffith K, Mowat S, Holt RH, Ramsay K, Bishop JD, Lambert G, Jenkins SR (2009) First 
records in Great Britain of the invasive colonial ascidian Didemnum vexillum Kott, 2002. 
Aquatic Invasions 4: 581–590, https://doi.org/10.3391/ai.2009.4.4.3 

Hakim ML, Utama IKAP, Nugroho B, Yusim AK, Baithal M, Suastika I (2017) Review of 
correlation between marine fouling and fuel consumption on a ship. In: Proceeding of 
SENTA: 17th Conference on Marine Technology. Institut Teknologi Sepuluh Nopember., 
Surabaya, pp 122–129 

Haubrock PJ, Turbelin AJ, Cuthbert RN, Novoa A, Taylor NG, Angulo E, Ballesteros-Mejia L, 
Bodey TW, Capinha C, Diagne C, Essl F (2021) Economic costs of invasive alien species 
across Europe. NeoBiota 67: 153–190, https://doi.org/10.3897/neobiota.67.58196 

Heiser S, Hall-Spencer JM, Hiscock K (2014) Assessing the extent of establishment of Undaria 
pinnatifida in Plymouth Sound Special Area of Conservation, UK. Marine Biodiversity 
Records, 7: E93, https://doi.org/10.1017/S1755267214000608 

Hooper DU, Adair EC, Cardinale BJ, Byrnes JE, Hungate BA, Matulich KL, Gonzalez A, 
Duffy JE, Gamfeldt L, O’Connor MI (2012) A global synthesis reveals biodiversity loss as 
a major driver of ecosystem change. Nature 486: 105–108, https://doi.org/10.1038/nature11118 

ISAC (2016) Invasive Species Advisory Committee. US Department of the Interior. Invasive 
Species Impacts on Infrastructure. 6 December 2016, 12 pp 

Kakkonen JE, Worsfold TM, Ashelby CW, Taylor A, Beaton K (2019) The value of regular 
monitoring and diverse sampling techniques to assess aquatic non-native species: a case 
study from Orkney. Management of Biological Invasions 10: 46–79, https://doi.org/10.3391/ 
mbi.2019.10.1.04 

Katsanevakis S, Zenetos A, Belchior C, Cardoso AC (2013) Invading European Seas: assessing 
pathways of introduction of marine aliens. Ocean and Coastal Management 76: 64–74, 
https://doi.org/10.1016/j.ocecoaman.2013.02.024 

https://doi.org/10.3391/mbi.2023.14.2.05
https://www.invasivesnet.org
https://doi.org/10.1016/j.jembe.2006.10.042
https://doi.org/10.1515/botm.1984.27.5.211
https://doi.org/10.1080/08927010802710618
https://doi.org/10.1038/s41586-021-03405-6
https://doi.org/10.3391/ai.2009.4.1.9
https://doi.org/10.1007/s10530-017-1610-2
https://doi.org/10.1016/j.jembe.2006.02.006
https://doi.org/10.1515/botm.1995.38.1-6.355
https://doi.org/10.1515/botm.1995.38.1-6.355
https://doi.org/10.1111/j.1365-2664.2008.01540.x
https://doi.org/10.1007/s00227-016-2941-8
https://doi.org/10.1017/S0967026202003839
https://doi.org/10.1007/s00227-006-0552-5
https://doi.org/10.1080/08927010290011361
https://doi.org/10.1007/978-3-540-36920-2_4
https://doi.org/10.1007/978-3-540-36920-2_4
https://doi.org/10.3391/ai.2009.4.4.3
https://doi.org/10.3897/neobiota.67.58196
https://doi.org/10.1017/S1755267214000608
https://doi.org/10.1038/nature11118
https://doi.org/10.3391/mbi.2019.10.1.04
https://doi.org/10.3391/mbi.2019.10.1.04
https://doi.org/10.1016/j.ocecoaman.2013.02.024


 Non-native species in Irish marinas 

 O’Shaughnessy et al. (2023), Management of Biological Invasions 14(2): 245–267, https://doi.org/10.3391/mbi.2023.14.2.05 265 

Keefer JS, Marshall MR, Mitchell BR (2010) Early detection of invasive species: surveillance, 
monitoring, and rapid response: Eastern Rivers and Mountains Network and Northeast 
Temperate Network. Natural Resource Report NPS/ERMN/NRR-2010/196. National Park 
Service, Fort Collins, Colorado, 75 pp 

Keller RP, Drake JM, Drew MB, Lodge DM (2011) Linking environmental conditions and ship 
movements to estimate invasive species transport across the global shipping network. 
Diversity and Distributions 17: 93–102, https://doi.org/10.1111/j.1472-4642.2010.00696.x 

Kelly J, O'Flynn C, Maguire C (2013) Risk analysis and prioritisation for invasive and non-
native species in Ireland and Northern Ireland. A report prepared for the Northern Ireland 
Environment Agency and National Parks and Wildlife Service as part of Invasive Species 
Ireland, 59 pp 

Kelso A, Wyse Jackson PN (2012) Invasive bryozoans in Ireland: first record of Watersipora 
subtorquata (d’Orbigny, 1852) and an extension of the range of Tricellaria inopinata 
d’Hondt and Occhipinti Ambrogi, 1985. BioInvasions Records 1: 209–214, https://doi.org/10. 
3391/bir.2012.1.3.06 

Kelso-Maguire A (2020) An investigation into the Bryozoa of Ireland including the distributional 
patterns of the marine Bryozoa of Ireland over the last 150 years. PhD Thesis. Trinity 
College Dublin,152 pp 

Kilty GM, Guiry MD (1973) Mercierella enigmatica Fauvel (Polychaeta Serpulidae) from Cork 
Harbour. The Irish Naturalists’ Journal 17(11): 379–381 

Kraan S (2017) Undaria marching on; late arrival in the Republic of Ireland. Journal of Applied 
Phycology 29: 1107–1114, https://doi.org/10.1007/s10811-016-0985-2 

Lambert G (2009) Adventures of a sea squirt sleuth: unravelling the identity of Didemnum 
vexillum, a global ascidian invader. Aquatic Invasions 4: 5–28, https://doi.org/10.3391/ai.2009. 
4.1.2 

Lengyel NL, Collie JS, Valentine PC (2009) The invasive colonial ascidian Didemnum vexillum 
on Georges Bank-Ecological effects and genetic identification. Aquatic Invasions 4: 143–152, 
https://doi.org/10.3391/ai.2009.4.1.15 

Mayfield AE, Seybold SJ, Haag WR, Johnson MT, Kerns BK, Kilgo JC, Larkin DJ, Lucardi 
RD, Moltzan BD, Pearson DE, Rothlisberger JD (2021) Impacts of invasive species in 
terrestrial and aquatic systems in the United States. In: Poland TM, Patel-Weynand T, Finch 
DM, Miniat CF, Hayes DC, Lopez VM (eds), Invasive Species in Forests and Rangelands 
of the United States, Springer, Cham, pp 5–39, https://doi.org/10.1007/978-3-030-45367-1_2 

MEA (2005) Millennium Ecosystem Assessment. Ecosystems and human wellbeing: Biodiversity 
synthesis. World Resources Institute, Washington DC, USA, 86 pp 

McKenzie C, Reid V, Lambert G, Matheson K, Minchin D, Pederson J, Brown L, Curd A, 
Gollasch S, Goulletquer P, Occhipinti-Ambrogi A (2017) Alien species alert: Didemnum 
vexillum Kott, 2002: Invasion, impact, and control. ICES Cooperative Research Report 
No. 335, 33 pp, http://doi.org/10.17895/ices.pub.2138 

McKinney ML, Lockwood JL (1999) Biotic homogenization: a few winners replacing many 
losers in the next mass extinction. Trends in Ecology and Evolution 14: 450–453, 
https://doi.org/10.1016/S0169-5347(99)01679-1 

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

Minchin D (2007b) Aquaculture and transport in a changing environment: overlap and links in 
the spread of alien biota. Marine Pollution Bulletin 55: 302–313, https://doi.org/10.1016/ 
j.marpolbul.2006.11.017 

Minchin D, Sides E (2006) Appearance of a cryptogenic tunicate, a Didemnum sp. fouling 
marina pontoons and leisure craft in Ireland. Aquatic Invasions 1: 143–147, https://doi.org/ 
10.3391/ai.2006.1.3.8 

Minchin DM, Nunn JD (2007) Appearance of an invasive tunicate in Ireland - a Didemnum 
species. Porcupine Marine Natural History Society Newsletter No. 23: 22–23 

Minchin DM, Nunn JD (2013) Rapid assessment of marinas for invasive alien species in 
Northern Ireland. Northern Ireland Environment Agency Research and Development Series 
No. 13/06 

Minchin D, Nunn J (2014) The invasive brown alga Undaria pinnatifida (Harvey) Suringar. 
1873 (Laminariales; Alariaceae), spread northwards in Europe. BioInvasions Records 3: 
57–63, https://doi.org/10.3391/bir.2014.3.2.01 

Minchin D, Nunn J, Picton B (2016) The most northern records of the exotic ascidian 
Perophora japonica Oka, 1927 (Ascidiacea: Perophoridae) in the north-east Atlantic. 
BioInvasions Records 5: 139–142, https://doi.org/10.3391/bir.2016.5.3.03 

Miossec L, Le Deuff RM, Goulletquer P (2009) Alien species alert: Crassostrea gigas (Pacific 
oyster). ICES Cooperative Research Report 299, 42 pp 

Monniot C, Monniot F (1985) Apparition de l’ascidie Perophora japonica sur les côtes et dans 
les ports de la Manche. Compte rendu des séances de la Société de Biogéographie 61(3): 
111–116 

Nall CR, Guerin AJ, Cook EJ (2015) Rapid assessment of marine non-native species in northern 
Scotland and a synthesis of existing Scottish records. Aquatic Invasions 10: 107–121, 
https://doi.org/10.3391/ai.2015.10.1.11 

https://doi.org/10.3391/mbi.2023.14.2.05
https://www.invasivesnet.org
https://doi.org/10.1111/j.1472-4642.2010.00696.x
https://doi.org/10.3391/bir.2012.1.3.06
https://doi.org/10.3391/bir.2012.1.3.06
https://doi.org/10.1007/s10811-016-0985-2
https://doi.org/10.3391/ai.2009.4.1.2
https://doi.org/10.3391/ai.2009.4.1.2
https://doi.org/10.3391/ai.2009.4.1.15
https://doi.org/10.1007/978-3-030-45367-1_2
http://doi.org/10.17895/ices.pub.2138
https://doi.org/10.1016/S0169-5347(99)01679-1
https://doi.org/10.3391/ai.2007.2.1.8
https://doi.org/10.1016/j.marpolbul.2006.11.017
https://doi.org/10.1016/j.marpolbul.2006.11.017
https://doi.org/10.3391/ai.2006.1.3.8
https://doi.org/10.3391/ai.2006.1.3.8
https://doi.org/10.3391/bir.2014.3.2.01
https://doi.org/10.3391/bir.2016.5.3.03
https://doi.org/10.3391/ai.2015.10.1.11


 Non-native species in Irish marinas 

 O’Shaughnessy et al. (2023), Management of Biological Invasions 14(2): 245–267, https://doi.org/10.3391/mbi.2023.14.2.05 266 

Naylor RL, Williams SL, Strong DR (2001) Ecology-aquaculture-a gateway for exotic species. 
Science 294: 1655–1656, https://doi.org/10.1126/science.1064875 

Neves CS, Rocha RM, Pitombo FB, Roper JJ (2007) Use of artificial substrata by introduced 
and cryptogenic marine species in Paranaguá Bay, southern Brazil. Biofouling 23: 319–330, 
https://doi.org/10.1080/08927010701399174 

Nishikawa T, Bishop JD, Sommerfeldt AD (2000) Occurrence of the alien ascidian Perophora 
japonica at Plymouth. Journal of the Marine Biological Association of the United Kingdom 
80: 955–956, https://doi.org/10.1017/S0025315400003003 

Nunn JD (2021) The marine fauna and flora of Mullet, Co. Mayo 2018, Report to National 
Parks and Wildlife Service, 51 pp 

Nunn JD, Goodwin C, Picton BE (2012) First record of the marine alien bryozoan Tricellaria 
inopinata in Northern Ireland. Porcupine Marine Natural History Society Newsletter No. 32, 
59 pp 

O’Shaughnessy KA, Hawkins SJ, Yunnie AL, Hanley ME, Lunt P, Thompson RC, Firth LB 
(2020) Occurrence and assemblage composition of intertidal non-native species may be 
influenced by shipping patterns and artificial structures. Marine Pollution Bulletin 154: 
111082, https://doi.org/10.1016/j.marpolbul.2020.111082 

Pederson J, Bullock R, Carlton J, Dijkstra J, Dobroski N, Dyrynda P, Fisher R, Harris LG, 
Hobbs N, Lambert G, Lazo-Wasem E (2005) Marine invaders in the northeast: Rapid 
assessment survey of non-native and native marine species of floating dock communities, 
August 2003. MIT Sea Grant Technical Reports, 42 pp 

Pejchar L, Mooney HA (2009) Invasive species, ecosystem services and human well-being. 
Trends in Ecology & Evolution 24: 497–504, https://doi.org/10.1016/j.tree.2009.03.016 

Pimentel D, Zuniga R, Morrison D (2005) Update on the environmental and economic costs 
associated with alien-invasive species in the United States. Ecological Economics 52: 273–288, 
https://doi.org/10.1016/j.ecolecon.2004.10.002 

Porter JS, Nunn JD, Ryland JS, Minchin JD, Jones ME (2017) The status of non-native bryozoans 
on the north coast of Ireland. BioInvasions Records 6: 321–330, https://doi.org/10.3391/bir. 
2017.6.4.04 

Prentice MB, Vye SR, Jenkins SR, Shaw PW, Ironside JE. (2021) Genetic diversity and 
relatedness in aquaculture and marina populations of the invasive tunicate Didemnum 
vexillum in the British Isles. Biological Invasions 23: 3613–3624, https://doi.org/10.1007/ 
s10530-021-02615-3 

Roy HE, Peyton J, Aldridge DC, Bantock T, Blackburn TM, Britton R, Clark P, Cook E, 
Dehnen‐Schmutz K, Dines T, Dobson M, Edwards F, Harrower C, Harvey MC, Minchin D, 
Noble DG, Parrott D, Pocock MJO, Preston CD, Roy S, Salisbury A, Schönrogge K, Sewell J, 
Shaw RH, Stebbing P, Stewart AJA, Walker KJ (2014) Horizon scanning for invasive alien 
species with the potential to threaten biodiversity in Great Britain. Global Change Biology 
20: 3859–3871, https://doi.org/10.1111/gcb.12603 

Roy HE, Bacher S, Essl F, Adriaens T, Aldridge DC, Bishop JDD, Blackburn TM, Branquart E, 
Brodie J, Carboneras C, Cottier-Cook EJ, Copp G, Dean HJ, Eilenberg J, Gallardo B, 
Garcia M, Garcia-Berthou E, Genovesi P, Hulme PE, Kenis M, Kerckhof F, Kettunen M, 
Minchin D, Nentwig W, Nieto A, Pergl J, Pescott OL, Peyton JM, Preda C, Roques A, 
Rorke SL, Scalera R, Schindler S, Schönrogge K, Sewell J, Solarz W, Stewart AJA, 
Tricarico E, Vanderhoeven S, Van der Velde G, Vilá M, Wood CA, Zenetos A, Rabitsch W 
(2019) Developing a list of invasive alien species likely to threaten biodiversity and 
ecosystems in the European Union. Global Change Biology 25: 1032–1048, https://doi.org/ 
10.1111/gcb.14527 

Ruiz GM, Smith G (2005) Biological study of container vessels at the Port of Oakland. Final 
report. Submitted to the Port of Oakland, pp 2367–2385 

Ruiz GM, Carlton JT, Grosholz ED, Hines AH (1997) Global invasions of marine and estuarine 
habitats by non-indigenous species: mechanisms, extent, and consequences. American 
Zoologist 37: 621–632, https://doi.org/10.1093/icb/37.6.621 

Ryland JS (1960) The British species of Bugula (Polyzoa). Proceedings of the Zoological 
Society of London 134: 65–104, https://doi.org/10.1111/j.1469-7998.1960.tb05919.x 

Ryland JS (1958) Bugula simplex Hincks, a newly recognized polyzoan from British waters. 
Nature (London) 181: 1148–1149, https://doi.org/10.1038/1811146b0 

Ryland JS, De Blauwe H, Lord R, Mackie JA (2009b) Recent discoveries of alien Watersipora 
(Bryozoa) in western Europe, with redescriptions of species. Zootaxa 2093: 43–59, 
https://doi.org/10.11646/zootaxa.2093.1.3 

Ryland JS, Bishop JD, De Blauwe H, El Nagar A, Minchin D, Wood CA, Yunnie AL (2011) 
Alien species of Bugula (Bryozoa) along the Atlantic coasts of Europe. Aquatic Invasions 6: 
17–31, https://doi.org/10.3391/ai.2011.6.1.03 

Stachowicz JJ, Whitlatch RB, Osman RW (1999) Species diversity and invasion resistance in a 
marine ecosystem. Science 286: 1577–1579, https://doi.org/10.1126/science.286.5444.1577 

Thomas CM (2010) A cost-benefit analysis of preventative management for zebra and quagga 
mussels in the Colorado-Big Thompson system. Doctoral dissertation, Colorado State 
University, 183 pp 

https://doi.org/10.3391/mbi.2023.14.2.05
https://www.invasivesnet.org
https://doi.org/10.1126/science.1064875
https://doi.org/10.1080/08927010701399174
https://doi.org/10.1017/S0025315400003003
https://doi.org/10.1016/j.marpolbul.2020.111082
https://doi.org/10.1016/j.tree.2009.03.016
https://doi.org/10.1016/j.ecolecon.2004.10.002
https://doi.org/10.3391/bir.2017.6.4.04
https://doi.org/10.3391/bir.2017.6.4.04
https://doi.org/10.1007/s10530-021-02615-3
https://doi.org/10.1007/s10530-021-02615-3
https://doi.org/10.1111/gcb.12603
https://doi.org/10.1111/gcb.14527
https://doi.org/10.1111/gcb.14527
https://doi.org/10.1093/icb/37.6.621
https://doi.org/10.1111/j.1469-7998.1960.tb05919.x
https://doi.org/10.1038/1811146b0
https://doi.org/10.11646/zootaxa.2093.1.3
https://doi.org/10.3391/ai.2011.6.1.03
https://doi.org/10.1126/science.286.5444.1577


 Non-native species in Irish marinas 

 O’Shaughnessy et al. (2023), Management of Biological Invasions 14(2): 245–267, https://doi.org/10.3391/mbi.2023.14.2.05 267 

Tidbury HJ, Taylor NG, Copp GH, Garnacho E, Stebbing PD (2016) Predicting and mapping 
the risk of introduction of marine non-indigenous species into Great Britain and Ireland. 
Biological Invasions 18: 3277–3292, https://doi.org/10.1007/s10530-016-1219-x 

Trebitz AS, Hoffman JC, Darling JA, Pilgrim EM, Kelly JR, Brown EA, Chadderton WL, Egan 
SP, Grey EK, Hashsham SA, Klymus KE (2017) Early detection monitoring for aquatic 
non-indigenous species: Optimizing surveillance, incorporating advanced technologies, and 
identifying research needs. Journal of Environmental Management 202: 299–310, 
https://doi.org/10.1016/j.jenvman.2017.07.045 

Trowbridge CD (2001) Coexistence of introduced and native congeneric algae: Codium fragile 
and C. tomentosum on Irish rocky intertidal shores. Journal of the Marine Biological 
Association of the United Kingdom 81: 931–937, https://doi.org/10.1017/S0025315401004854 

Turon X, Casso M, Pascual M, Viard F (2020) Looks can be deceiving: Didemnum 
pseudovexillum sp. nov. (Ascidiacea) in European harbours. Marine Biodiversity 50: 1–14, 
https://doi.org/10.1007/s12526-020-01083-7 

Wasson K, Zabin C J, Bedinger L, Diaz MC, Pearse JS (2001) Biological invasions of estuaries 
without international shipping: the importance of intraregional transport. Biological 
Conservation 102: 143–153, https://doi.org/10.1016/S0006-3207(01)00098-2 

Whomersley P, Murray JM, McIlwaine P, Stephens D, Stebbing PD (2015) More bang for your 
monitoring bucks: Detection and reporting of non-indigenous species. Marine Pollution 
Bulletin 94: 14–18, https://doi.org/10.1016/j.marpolbul.2015.02.031 

Williams F, Eschen R, Harris A, Djeddour D, Pratt C, Shaw R, Varia S, Lamontagne-Godwin J, 
Thomas S, Murphy S (2010) The economic cost of invasive non-native species on Great 
Britain. CABI Proj No VM10066, 99 pp 

Wonham MJ, Carlton JT (2005) Trends in marine biological invasions at local and regional 
scales: the Northeast Pacific Ocean as a model system. Biological invasions 7: 369–392, 
https://doi.org/10.1007/s10530-004-2581-7 

Wood CA, Bishop JD, Yunnie AL (2015) RAS 2014 Non-Native Species Rapid Assessment 
Surveys in English Marinas. The Bromley Trust, 34 pp 

Websites and on-line databases 
BIM (2019) National Seafood Survey Aquaculture Report 2019 https://bim.ie/wp-content/uploads/ 

2021/02/BIM-National-Seafood-Survey-Aquaculture-Report-2019.pdf (accessed 19 June 2022) 
Biodiversity Maps (2022) National Biodiversity Data Centre (2022) https://maps.biodiversity 

ireland.ie/Species/187402 (accessed 23 July 2022) 
DAFM (2022) Department of the Agriculture, Food and the Marine. https://dafm-maps.marine.ie/ 

aquaculture-viewer/ (accessed 23 July 2022) 
JNCC (1990) SACFOR abundance scale used for both littoral and sublittoral taxa from 1990 

onwards. https://mhc.jncc.gov.uk/media/1009/sacfor.pdf (accessed 26 September 2022) 
NBN (2022a) National Biodiversity Network Atlas. Codium fragile subsp. fragile. https://species. 

nbnatlas.org/species/NHMSYS0020954908#tab_mapView (accessed 23 July 2022) 
NBN (2022b) National Biodiversity Network Atlas. Grateloupia turuturu. https://species.nbnatlas.org/ 

species/NHMSYS0021060242 (accessed 15 July 2022) 
NBN (2022c) National Biodiversity Network Atlas. Asterocarpa humilis. https://species.nbnatlas.org/ 

species/NHMSYS0021002915 (accessed 01 July 2022) 
NBN (2022d) National Biodiversity Network Atlas. Botrylloides diegensis. https://records. 

nbnatlas.org/occurrences/665ce540-a6e2-48c8-a98a-742be29696e8 (accessed 19 July 2022) 
NBN (2022e) National Biodiversity Network Atlas. Botrylloides violaceus. https://species. 

nbnatlas.org/species/NHMSYS0020545703# (accessed 19 July 2022) 
NBN (2022f) National Biodiversity Network Atlas. Perophora japonica. https://species. 

nbnatlas.org/species/NBNSYS0000185515 (accessed 28 September 2022) 
NBN (2022g) National Biodiversity Network Atlas. Bugulina stolonifera. https://species. 

nbnatlas.org/species/NHMSYS0021185254 (accessed 19 July 2022) 
NBN (2022h) National Biodiversity Network Atlas. Ficopomatus enigmaticus. https://species. 

nbnatlas.org/species/NBNSYS0000175337 (accessed 19 July 2022) 
   
   

Supplementary material 

The following supplementary material is available for this article: 
Table S1. SACFOR abundance of each non-native species ('NNS') recorded by marina. 
Table S2. SACFOR abundance of each cryptogenic species recorded by marina. 
This material is available as part of online article from: 
http://www.reabic.net/journals/mbi/2023/Supplements/MBI_2023_OShaughnessy_etal_SupplementaryMaterial.xlsx 
 

https://doi.org/10.3391/mbi.2023.14.2.05
https://www.invasivesnet.org
https://doi.org/10.1007/s10530-016-1219-x
https://doi.org/10.1016/j.jenvman.2017.07.045
https://doi.org/10.1017/S0025315401004854
https://doi.org/10.1007/s12526-020-01083-7
https://doi.org/10.1016/S0006-3207(01)00098-2
https://doi.org/10.1016/j.marpolbul.2015.02.031
https://doi.org/10.1007/s10530-004-2581-7
https://bim.ie/wp-content/uploads/2021/02/BIM-National-Seafood-Survey-Aquaculture-Report-2019.pdf
https://bim.ie/wp-content/uploads/2021/02/BIM-National-Seafood-Survey-Aquaculture-Report-2019.pdf
https://maps.biodiversityireland.ie/Species/187402
https://maps.biodiversityireland.ie/Species/187402
https://dafm-maps.marine.ie/aquaculture-viewer/
https://dafm-maps.marine.ie/aquaculture-viewer/
https://mhc.jncc.gov.uk/media/1009/sacfor.pdf
https://species.nbnatlas.org/species/NHMSYS0020954908#tab_mapView
https://species.nbnatlas.org/species/NHMSYS0020954908#tab_mapView
https://species.nbnatlas.org/species/NHMSYS0021060242
https://species.nbnatlas.org/species/NHMSYS0021060242
https://species.nbnatlas.org/species/NHMSYS0021002915
https://species.nbnatlas.org/species/NHMSYS0021002915
https://records.nbnatlas.org/occurrences/665ce540-a6e2-48c8-a98a-742be29696e8
https://records.nbnatlas.org/occurrences/665ce540-a6e2-48c8-a98a-742be29696e8
https://species.nbnatlas.org/species/NHMSYS0020545703
https://species.nbnatlas.org/species/NHMSYS0020545703
https://species.nbnatlas.org/species/NBNSYS0000185515
https://species.nbnatlas.org/species/NBNSYS0000185515
https://species.nbnatlas.org/species/NHMSYS0021185254
https://species.nbnatlas.org/species/NHMSYS0021185254
https://species.nbnatlas.org/species/NBNSYS0000175337
https://species.nbnatlas.org/species/NBNSYS0000175337
http://www.reabic.net/journals/mbi/2023/Supplements/MBI_2023_OShaughnessy_etal_SupplementaryMaterial.xlsx


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /RUS <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



