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Abstract
A new record of an individual of the invasive sea squirt, Styela clava, is reported from Scapa Flow in Orkney,
Scotland. This represents a 1.54° latitudinal extension (168 km) from the previous northern-most record in UK
waters. Diver surveys of hard substrates in the immediate area, part of local biosecurity protocols, did not find any
additional individuals. Possible transport vectors, likelihood of an established reproductively active population, and
implications to local biodiversity are discussed.
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Introduction
The leathery or clubbed sea squirt Styela clava Herdman
(1881) is a solitary ascidian tunicate with a distinct long
tapering body and stalk (Lützen 1998; Clarke and Therriault 2007). S. clava is found from low intertidal zones
to subtidal depths of up to 40 m and grows on artificial
and natural hard substrates (Lützen 1998; Clarke and
Therriault 2007). This species can survive a wide range
of temperatures, from 2 to 23 °C (Clarke and Therriault
2007), but appears to be intolerant of low salinity (below
20‰) (Davis and Davis 2008). Adults range in size from
approximately 90–160 mm in length (Lützen 1998).
Styela clava is native to the northwest Pacific Ocean,
from the Sea of Okhotsk to Shanghai, China (NBN 2021a)
but has aggressively spread through temperate waters
around the globe (Lützen 1998; Clarke and Therriault
2007; Goldstien et al. 2011). The first occurrence outside
of its native range was recorded in California in 1933 (Abbott and Johnson 1972). In 1953, S. clava was found in
English waters in the Plymouth area (Carlisle 1954) and
has since spread extensively through the northeast

Atlantic from Denmark to Portugal, and into the Mediterranean Sea (Davis and Davis 2008). In British and Irish
waters, S. clava has been rapidly spreading northwards
into Scotland (Eno et al. 1997; Lützen 1998) and westwards from Dublin Bay to Co. Kerry in Ireland (Minchin
et al. 2006).
S. clava is considered to be an invasive nonindigenous species owing to its tendency to replace native species with the consequence of reduced local biodiversity, and for the potential economic impacts in
areas where it has become established (Clarke and Therriault 2007). S. clava is one of the High-Risk Invasive
Species highlighted in the approved Orkney Islands
Council Harbour Authority’s Ballast Water Management
Policy for Scapa Flow (OIC BWMP) (Orkney Islands
Council Harbour Authority 2017). Under this policy, a
dedicated marine non-native species (NNS) monitoring
programme has been on-going since 2013 and has not
recorded S. clava to date (Kakkonen et al. 2019). In
2010, the most northerly UK record of this species was
documented at Ardnaff on the shores of Loch Carron in
Wester Ross (57.36388 N; 5.5128 W) (NBN 2021a).
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Materials and methods
In July 2018, as part of the BioFREE project, monitoring
biofouling and testing antifouling coatings (Want et al.
2021), settlement panels were deployed at several locations in Orkney, Scotland. Panels were fitted to a frame
comprised primarily of marine grade stainless steel and
high-density polypropylene. One of these test sites was
located in Scapa Flow (58.901449 N; 2.939823 W), approximately 0.71 km from the nearest shore and 7.14 km
from the nearest port. At this site, frames were suspended 3 m above the seabed in 24 m of water depth.
On 18 December 2020, following a schedule of periodic
retrievals (most recently on 21 September 2019), monitoring and testing frames at Scapa Flow were recovered,
and images and samples were collected, before redeployment. Samples were taken to the laboratory at Heriot
Watt University in Stromness for identification and preservation in 70% ethanol.
As a consequence of the BioFREE survey, a dedicated
two-phase survey was performed for the presence of S.
clava at the Scapa Flow test site. In Phase 1, on 11 February 2021, a side-scan sonar survey was conducted of
the seabed (approx. Area of 0.5 km × 1 km) adjacent to
the settlement panels. A CM2 standard towfish and
transceiver unit (C-MAX) was used on high frequency
setting (780 kHz) to locate hard objects within the site
boundaries which might provide suitable settlement substrate for S. clava. In Phase 2, on 17–18 March 2021,
diver-based surveys of six targets were conducted in
‘buddy’ pairs with one diver conducting video survey
while second diver was prepared to collect samples of S.
clava.
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Results
Settlement panels and the surrounding frame components deployed in Scapa Flow were heavily fouled, primarily by the sea squirt Ascidiella aspersa. Other key
fouling species included the sea anemone Metridium dianthus and the sea squirt Ciona intestinalis. Amid the
dominant fouling organisms was a single distinctlooking individual tunicate attached to one of the steel
frame components by a long tough stalk (Fig. 1). Taxonomic guides (Hayward and Ryland 2017; Bowen et al.
2018) were used to identify this organism as S. clava;
verification was provided by the National Biodiversity
Network (NBN 2021b). This individual measured approximately 100 mm long, indicative of an adult (Fig. 2).
Phase 1 side-scan surveys identified eight large targets,
two of which deemed unsuitable for the Phase 2 dive
surveys. Five concrete mooring blocks and a debris site
surveyed by diving in Phase 2 had varied fouling cover
from heavily fouled to almost bare. Key fouling species
observed were sea squirts C. intestinalis, A. aspersa,
Ascidia mentula, Devonshire cup coral Caryophillia
smithii, sea anemone M. dianthus, encrusting worms
Spirobranchus and Spirorbis spp. and hydrozoans. The
diver-based surveys did not record any S. clava.
Discussion
The invasive non-indigenous leathery sea squirt S. clava
has been rapidly expanding its range in UK waters since
being first recorded in the early 1950s. This new report
from Scapa Flow in Orkney of a single adult specimen
constitutes a 1.54° latitudinal extension from the previously recognised most northerly record, from Loch

Fig. 1 Detail of fouling organisms retrieved from Scapa Flow on 18 December 2020. Fouling was dominated by the solitary tunicate Ascidiella
aspersa but included a single individual of the leathery sea squirt Styela clava. This image also features an individual Ciona intestinalis sea squirt
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Fig. 2 Image of the single Styela clava specimen collected in Scapa
Flow, Orkney on 18 December 2020 (approximately 100 mm length)

Carron. This represents a poleward shift of the known
distribution limit of S. clava of 168 km (Fig. 3). Subsequent diver-based surveys of suitable substrates for recruitment of this species in the immediate area did not
find any additional examples. The possibility of establishment of S. clava in Orkney and the potential ecological impacts of its presence are of great concern from
a local biodiversity perspective and may impact aquaculture installations (Davis and Davis 2008; Darbyson et al.
2009).
Recruitment of S. clava extends from June to lateOctober (Bourque et al. 2007) and adult size is typically
reached by 10 months (Lützen 1998). This suggests that
the Orkney individual had settled on to the monitoring
frame in 2019, as earlier sampling surveys had not detected its presence. While S. clava appears to tolerate a
wide range of temperatures, evidence indicates that a
lower limit of 15 °C is necessary for spawning (Bourque
et al. 2007). As such, colder waters in Orkney, where
mean monthly sea surface temperatures peak at about
13.5 °C, may prevent establishment of self-sustaining
populations of S. clava. The single record reported here
and absence in subsequent surveys suggest that the presence of S. clava in Orkney waters may be limited to
introduction by fouling vectors without establishing a
breeding population.
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Concerns exist over the role that increasing sea temperatures associated with climatic change may help expand the potential range of S. clava into waters which
may have formerly been too cold for population establishment. Sea surface temperature monitoring at Kirkwall Marina in Orkney began in 2015 (Kakkonen et al.
2019). In the last 4 years (2017–2020), summer sea surface temperatures have reached 15 °C for between 7 and
15 consecutive days (OICHA, unpublished data). This
micro-climate and the presence of suitable vectors for
invasive NNS may create conditions allowing the establishment of a viable S. clava population.
The larvae of S. clava spend only a short period in the
planktonic phase (Stachowicz et al. 2002). Given the
considerable distance between known populations of S.
clava and Orkney, and the presence of a hydrographic
barrier created by the fierce tidal currents flowing
through the wide Pentland Firth, it is unlikely that S.
clava has reached Orkney through larval dispersal, although natural transport while attached to drifting seaweed, e.g. Sargassum, cannot be ruled out (Lützen
1998). In UK waters, patchy distribution of S. clava and
its absence from apparently suitable adjacent locations
suggests that patterns of vector traffic may be a better
predictor of its potential spread than local habitat characteristics (Clarke and Therriault 2007; Davis and Davis
2008).
Primary introduction into UK waters is believed to
have occurred on the hulls of naval vessels returning
from the Korean War (Eno et al. 1997). Once established, artificial structures facilitate S. clava spread to
new areas by acting as ‘stepping-stones’, and reintroduction is possible via hull fouling and ballast water (Eno
et al. 1997; Lützen 1998; Clarke and Therriault 2007;
Davis and Davis 2008; Darbyson et al. 2009). The presence of S. clava in harbours and marinas in close proximity to oyster farming, and its absence from locations
without shellfish aquaculture, suggests that the spread of
S. clava may be linked to the transfer of oysters between
facilities (Davis and Davis 2008; Darbyson et al. 2009).
There are currently two oyster farms and one hatchery
operating in Orkney waters. A variety of vessels could
provide a substrate for transmission, including small recreational craft (Minchin et al. 2006; Darbyson et al.
2009). At ports with established populations of S. clava,
larvae may settle and grow on vessel hulls. While hydrodynamic forces experienced during vessel travel may
prevent survival on the external hull, the presence of socalled ‘niche’ areas including sea-chests, thruster tubes,
and other cavities, may provide places for fouling species
to persist (Coutts and Taylor 2004; Davis and Davis
2008). Transfer of S. clava through ballast water is
deemed unlikely owing to the short larval period of this
species (Clarke and Therriault 2007).
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Fig. 3 Map of Scotland indicating the location of the new range-extending specimen of Styela clava in Scapa Flow, Orkney (58.901449 N;
2.939823 W) in green and previous recorded locations in Scotland indicated in red, including the former northern-most record in the UK in Loch
Carron, Wester Ross (57.36388 N; 5.5128 W). Previous location records provided by the National Biodiversity Network (NBN 2021a)

Conclusion
The spread of invasive NNS, such as S. clava, is a serious
concern to local ecosystems and economies; eradication
programmes are costly and may not be fully successful
(Sambrook et al. 2014). S. clava can reach densities of
up to 1500 individuals per square meter (Cohen 2011),
reducing available space resource for native epibenthic
organisms. Filtration pressure from untreated S. clava
invasions may further impact local ecology by depleting
plankton stock (Sonier et al. 2018), and may impact
aquaculture where mussel productivity may be decreased
by up to 40% (Davis and Davis 2008).
Biosecurity-orientated surveys and on-going monitoring of NNS hotspots are necessary to determine the
spread of invasive marine species. On-going long-term
monitoring and reactive sampling and surveys, as described in this study, are vital for early detection of invasive NNS and for rapid management action plan
(Sambrook et al. 2014). The use of settlement panels
and diver surveys have been shown to be an effective
method of detecting marine invasive species, including
S. clava (Gust et al. 2008; Marraffini et al. 2017; Wood
et al. 2019). Detecting the presence of invasive species

may be enhanced through molecular techniques, such as
real-time PCR analysis (Wood et al. 2019). Phylogeographic analysis may be used to help identify source
populations (Goldstien et al. 2011) necessary to establish
routes and potential transport vectors.
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