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Abstract

Non-indigenous species (NIS) in the Arctic have an increased likelihood of arrival from ship traffic in the region, while the
survival potential of the species becomes more likely in a warming environment. Monitoring is essential to detect the rate and
magnitude of the establishment of NIS. In this study, a list of 123 potential marine NIS for Svalbard was drafted and the pres-
ence of marine NIS in soft sediment of Kongsfjorden in Svalbard was assessed using molecular metabarcoding techniques.
For 37 species, including eight potential Arctic NIS, we generated new 18S and/or COI barcode sequences to improve the
available online reference databases. In total, 299 species were identified in the sediment samples, including seven potential
NIS. Three of these potential NIS have not been reported before in Svalbard: the harpacticoid copepod Euterpina acuti-
frons, and the ascidians Botrylloides violaceus and Molgula manhattensis. Another novel observation for Svalbard was the
polychaete Chone mollis. Additional studies are needed to assess whether the NIS have been established on Svalbard and
what their potential impact on the local system may be. Metabarcoding proved to be an effective monitoring tool to detect
the presence of new species in Svalbard marine waters. We advise its use to set up a baseline record for the presence of NIS
at points of entry, especially harbours. This approach is also valuable for biodiversity monitoring, in particular the detection
of small organisms and life stages that are hard to identify using current visual techniques.

Keywords Environmental DNA - NIS - Sediment - Kongsfjorden - Botrylloides violaceus - Euterpina acutifrons - Molgula
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Introduction

Non-indigenous species (NIS) have the potential to trans-
form local ecosystems by changing the community structure,
altering fundamental ecosystem processes or changing the
physical environment, with potentially large environmen-
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introduction of NIS in the Arctic is recommended to be pre-
pared for development of potential pests (Goldsmit et al.
2014). Chan et al. (2018) reported 54 introductions involving
34 NIS in the Arctic region, 26 of which have led to estab-
lished populations in Arctic waters. As the Arctic includes
a variety of habitats and covers an extensive area, species
endemic to one part of the Arctic may be non-indigenous to
others. The introduction of NIS in the Arctic, therefore, can
result not only from transport to the Arctic, but also from
within the Arctic region.

A comprehensive baseline of the current biodiversity in
an area is crucial to enable the assessment of changes tak-
ing place in the biodiversity as well as the identification of
potential anthropogenic routes of introduction of NIS. Both
are needed for the development of a strategy for the protec-
tion of native species from human-facilitated invasions of
NIS (Goldsmit et al. 2014). Research on NIS is ongoing in
several areas of the Arctic (CAFF 2013; Reimer et al. 2017).
The Circumpolar Biodiversity Monitoring Program (CBMP)
of the Arctic Council working group on Conservation of
Arctic Flora and Fauna (CAFF) has developed a program
to establish a biodiversity baseline and monitor change in
species composition of coastal and open-sea habitats of the
Arctic. The efforts of the CBMP, which include ongoing sci-
entific projects and studies of time series across the Arctic,
are an important step toward resolving which species are
native, thereby permitting the identification of new species.

Svalbard is an island archipelago located north of Norway
(Fig. 1). Recent warming of the waters west and north of
Svalbard is resulting in more suitable habitat conditions for
the settlement of non-native species (Fgrland et al. 2011;
Westawski et al. 2018; Leopold et al. 2019). New marine
species may arrive in Svalbard either by natural disper-
sion, by human assistance (hull fouling, ballast water) or
a combination of both. Mussels of the genus Mytilus reap-
peared on Svalbard between 2000 and 2004 after 1000 years
of absence (Berge et al. 2005; Leopold et al. 2019). This
was suggested to be either due to a fluctuating slow natural
range extension (Weslawski et al. 2011), a single exceptional
warm inflow of Atlantic water carrying larvae north (Berge
et al. 2005), and/or adult specimens transported to Svalbard
by rafted debris or ship traffic (Westawski and Kotwicki
2018; Leopold et al. 2019). Other examples of temperate
and boreal species being transported northwards with the
extension of the North Atlantic Current are the euphausiid
Meganyctiphanes norvegica (Buchholz et al. 2010) and the
starfish Asterias rubens (Deja et al. 2016). The Norwegian
Biodiversity Information Centre has identified 31 species
to be ‘doorstep species’ for Svalbard. These are species not
yet established in the area but expected to settle within the
next 50 years through various vectors of introduction (https
://lwww.artsdatabanken.no). Of the 24 marine species on this
list, 23 were identified as likely to soon become established
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in Svalbard. The list covered NIS that are likely to expand
to Svalbard based on their current distribution and did not
include NIS that need transport over long distances.

Information on the actual presence of marine NIS in
the Svalbard environment is currently sparse and anecdo-
tal. In the bordering Barents Sea, seven NIS were reported
as established in the area: the arthropods Caprella mutica,
Eurytemora americana, Chionoecetes opilio, Eriocheir
sinensis and Paralithodes camtschaticus, the bivalve Myti-
lus galloprovincialis, and the platyhelminth Gyrodactylus
salaris (Chan et al. 2018). The Alaskan king crab (P. camts-
chaticus) has an established population in the Barents Sea.
It was introduced deliberately for fisheries purposes in the
1960s (Jgrgensen et al. 2005; Ruiz and Hewitt 2009). The
snow crab (C. opilio) was first observed in Svalbard waters
in 2017 and was probably unintentionally introduced into the
Barents Sea via ballast water before spreading throughout
the region (Berge et al. 2017; Chan et al. 2018). Pacific pink
salmon (Oncorhynchus gorbuscha) escaped from Murmansk
cage cultures and was found on Svalbard in the 1960s; it may
now be spawning in the region (Witkowski and Glowacki
2010). Some studies have reported the presence of marine
NIS on Svalbard as biofouling on ship hulls (e.g. cargo and
tourist vessels), ballast water (of coal bulk carriers), and on
floating debris (Ware et al. 2016; Westawski and Kotwicki
2018). Multiple non-indigenous zooplankton species (23)
were identified from ship ballast water discharged near Sval-
bard ports (Ware et al. 2016), though none of these have as
of yet been reported as being established in the Svalbard
environment.

The main reason for the paucity of information on NIS
in Svalbard marine waters is a lack of effective and rapid
techniques for monitoring marine biodiversity along the
extensive coast. Traditional, morphological identification
methods are labour intensive and require specialist knowl-
edge, and species detection is low when populations occur
at low densities. Moreover, visual identification techniques
often do not allow identification of juvenile life stages of
benthic or pelagic animals because species characteristics
have not yet been fully developed. Identifying these juvenile
stages, however, is critically important for monitoring the
establishment and spread of NIS populations (Brown et al.
2016). Many sessile marine species can only disperse as
juvenile stages in the water column before settlement and
therefore signify successful recruitment.

Molecular technology can offer an efficient approach to
the identification of NIS (Chan et al. 2018). In particular,
metabarcoding of DNA extracted from environmental sam-
ples (environmental DNA or eDNA) enables the simultane-
ous detection of multiple species (Jeunen et al. 2019; Van
der Loos and Nijland 2020). This method allows the identi-
fication of DNA contained in live-collected organisms, but
also in fragments that animals release into their environment
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Fig. 1 Sediment sampling sites
(open circles) in Kongsfjorden
and Krossfjorden, Svalbard, in

July 2017
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(Jeunen et al. 2019). It is useful in monitoring the presence
of species in water, soil or air samples (Leray et al. 2013),
and especially in cold water regions where DNA degrada-
tion is slower due to low temperatures (Lacoursiere-Roussel
et al. 2018). DNA metabarcoding may therefore provide a
valuable alternative method for the identification of NIS
living in the direct vicinity of the sampled site compared
with traditional methods (Holman et al. 2019). Yet, despite
the increasing number of studies using eDNA metabarcod-
ing for the marine realm, the field is still in development
and optimisation of protocols for e.g. sampling, DNA con-
servation and extraction, barcode selection as well as data

analysis is ongoing (Ruppert et al. 2019). Important chal-
lenges in eDNA metabarcoding include the spatial relevance
of eDNA-based findings (DNA potentially being redistrib-
uted by e.g. water currents), the development of markers that
allow a better coverage of all key taxonomic groups within
the wide marine diversity, and the availability of sufficient
and unambiguous DNA sequences in reference databases
(Lacoursiere-Roussel et al. 2018; Zaiko et al. 2018; Van
der Loos and Nijland 2020). Reference databases are cur-
rently incomplete, sometimes lacking common taxa, includ-
ing those already identified as potential or likely invaders.
Further development of barcoding reference databases is
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therefore essential to support future monitoring and detec-
tion of NIS using molecular methods (Bylemans et al. 2019).

In this study, we developed a list of potential marine NIS
for Svalbard waters, based on the published literature and
records of NIS introductions elsewhere in the Arctic. The
currently available DNA library was expanded by adding
DNA barcodes for two marker regions (18S and COI) of 37
native and potential NIS for the Arctic. Furthermore, the
eDNA method was applied for the first time in marine soft
sediments of northwest Svalbard to assess the presence of
native and potential marine NIS. This study provides insight
into the effectiveness of this technique for monitoring NIS
in the Arctic.

Material and methods
Preparing an overview of marine NIS for Svalbard

An initial list of 103 marine species recorded as potential
NIS for the Arctic was derived from the list assembled on
EMODnet’s SeaBasin Checkpoint—Arctic page on alien
species (http://www.emodnet-arctic.eu/alien-species, access
date 9 December 2020). This list includes a wide variety
of groups ranging from phytoplankton to fish and plants. It
was subsequently expanded with the marine NIS reported
for Svalbard by Ware et al. (2016) and the Norwegian Bio-
diversity Information Centre (2018), as well as the marine
NIS listed for the Arctic (mainly Barents Sea) by Chan et al.
(2018).

Selection of barcode regions

The selection of barcode markers was based on an extensive
screening for three complementary criteria: (1) the potential
discrimination among taxa occurring in the North Sea and
Arctic marine environment, (2) the availability of primers
and protocols in peer-reviewed literature, and (3) the avail-
ability of reference data in online databases. Based on the
first two criteria, 18S and COI were selected, being the most
commonly used fragments and the only two barcodes for
which sufficient reference data are available (Giinter et al.
2018; Stefanni et al. 2018). The 18S functioned as a back-
bone, discriminating between key taxonomic groups among
eukaryotes, and providing a general, wide screening of spe-
cies. Despite its often lower taxonomic resolution, generic
18S markers have proven useful for genus and even species-
level identifications in some groups including copepods (Wu
et al. 2015). To obtain more information on the metazoa
(animal kingdom) COI was used, enabling identification to
species level because of the much higher resolution. The
combination of 18S and COI therefore explored the added
value of 18S and CO1 for NIS detection.
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Specimen collection for generation of reference
barcodes

The initial list of 103 NIS for the Arctic based on the
EMODnet’s SeaBasin Checkpoint was used to identify key
taxa with barcodes missing in online databases. Online bar-
coding libraries (e.g. Genbank, BOLD) were consulted for
existing DNA barcoding markers (COI and 18S) for these
Arctic NIS. From this screening, a total of 23 species were
found to have full barcode coverage of the entire marker
regions, 48 species had partial coverage (sequences covering
e.g. only the V4 or VO region of 18S) and 32 species had no
coverage at all for COI and 18S markers (Online Resource
1). To generate both 18S and COI barcodes for the database
for selected species with no (three species) or partial (nine
species) coverage, specimens were collected from locations
where the species were well established.

European specimens were collected by hand in vari-
ous locations in the Oosterschelde in the Netherlands in
August—September 2017 (Online Resource 1). Additionally,
several Arctic specimens were collected from Kongsfjorden,
northwest Svalbard, in July 2017, and barcoded to serve as
positive controls of native species in the eDNA samples
(Fig. 1). Each collected specimen was morphologically
identified to species level, stored in 97% ethanol in a plastic
tube, and transported to the Ecological Genetics Laboratory
of Wageningen Environmental Research for DNA barcoding.

Generation of reference barcodes

DNA extraction from tissues (for Barcoding purposes) was
performed using the DNeasy Blood & Tissue Kit of Qiagen
according to the kit protocol.

Primers and PCR protocols were identical both for the
reference barcoding and eDNA metabarcoding samples. For
both markers (18S and CO1) we selected primer pairs that
are most commonly used in the recent literature on eDNA
metabarcoding of the marine realm. For 18S, primers were
based on Stoeck et al. (2010), amplifying a~270 bp frag-
ment of the V4 region of the eukaryote SSU rRNA gene. We
adopted their forward primer TAReuk454FWD1 while using
an optimized version of their reverse primer TAReukREV3_
(TAReukREV3_vl; 5-"ACTKTCGYTCWTGAYYRA-3').
Although the V9 region of 18S may have a higher taxonomic
resolution and may therefore detect a higher diversity, a lack
of reference data compared to V4 so far limits its potential
for detailed taxonomic annotation of this diversity (see e.g.
Choi & Park 2020). For COI, primers were based on Leray
et al. (2013), amplifying a~bp fragment. Here, we adopted
their reverse primer jgHCO2198, while using an optimized
version of their forward primer mlCOIintF (mlCOIlintF_v2;
5'-GGIACIGGITGRACWGTNTAYCCNCC-3'). Optimiza-
tion consisted in both cases of creating a more degenerate
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version of the primer to increase amplification success
for specific taxonomic groups (particularly Annelida,
Arthropoda and Mollusca). In a direct comparison using
the same PCR and bioinformatic protocols these versions
detected a clearly higher taxon diversity than the original
primers for the same samples (Glorius, Laros & De Groot,
unpublished data). Forward and reverse primers were aug-
mented with CS1 and CS2 tag sequences (Fluidigm, South
San Francisco, CA, USA) to be used as sequence primers
in Sanger sequencing (for reference barcodes, see below)
and to allow the indexing PCR for multiplexed analysis via
high-throughput sequencing (see below). PCR reactions
were performed in a 25 pl reaction volume, consisting of
1U Platinum Taq (Fisher Scientific), 1 X PCR buffer, 2.5 mM
MgClI2, 5%(m/m) Trehalose, 200 ng/ul BSA, 200 uM dNTP
and 250 pM of each primer. The cycling program was as
follows: 2 min at 94 °C followed by 15 cycles of 30 s at
94 °C, 3 min at 56 °C reduced by 1 °C each cycle and 1 min
at 72 °C, followed by 20 additional cycles of 30 s at 94 °C,
3 min at 42 °C and 1 min at 72 °C and ended by a 10 min
hold at 72 °C.

PCR products were then sent to an external company
(Macrogen Europe B.V., Amsterdam, the Netherlands) for
Sanger sequencing with both the forward and reverse primer
per sample, and final consensus sequences per sample were
determined by hand using Seqman (DNAStar).

Environmental sample collection

Samples for eDNA analysis were collected in four locations
in Kongsfjorden, northwest Svalbard, in July 2017 (Fig. 1).
A total of 30 marine sediment samples were collected using
a Van Veen grab on-board the r/v Teisten: 26 in the Kongsf-
jorden (8 near Ny-/oklesund mine, 10in N y—Alesund harbour,
8 near Lovénbreen) and 4 in the entrance of the Krossfjorden
(see Online Resource 2). Plastic samples tubes (50 ml) were
filled with approximately 40 g of sediment (wet weight) that
was randomly collected from the upper 1 cm layer of the
grab surface. The sample was kept cool until return to the
Kings Bay Marine Laboratory at the end of each sampling
day, where it was stored frozen (—20 °C). Samples were
transported in frozen condition to the laboratory in Wagen-
ingen for DNA metabarcoding.

eDNA metabarcoding

DNA extraction from sediments was performed using the
Powermax soil DNA isolation kit (Mobio) with the follow-
ing adaptation from the kit protocol: dispersing of the sedi-
ment samples by vortexing with beads was replaced by a
dispersing using an Ultra Turrax (T25) instrument equipped
with an in house constructed titanium dispersing shaft, while
keeping the samples cooled on ice. This results in a better

homogenization of the entire sample volume (see e.g. Ayla-
gas et al. 2016). A subsample of 8 g of this homogenized
volume was then included in the Powermax extraction.

PCR reactions were conducted following the above
mentioned protocols for reference barcodes. The produced
amplicons were then sent to Genome Quebec (Canada) for
high-throughput sequencing. Here, a second PCR reaction
was conducted to add sample-specific index barcodes and
Illumina adaptor sequences. Indexed amplicons were then
normalized and pooled per marker, before being sequenced
in a 250 bp paired-end run on a Illumina Miseq flow cell
platform.

Raw sequence data were processed in the R programming
environment (R Core Team, 2017) making use of functions
available in the DADA?2 packages (Callahan et al. 2016).
Primer sequences were removed from the raw sequence
reads and the read quality was inspected by plotting the
quality scores per base position for each sample. The fol-
lowing filtering steps were carried out; sequences with unde-
termined nucleotides, exceeding the expected number of
errors of two and reads contaminated with the Phix genome
were removed. All reads were trimmed at the point where
read quality dropped below a score of two. The minimum
sizes for the forward and reverse read lengths were set by
inspecting the quality plots and varied between 202 and 230
depending on gene and forward/reverse read. The DADA 2
error model parameter learning algorithm was carried out
on the sequences passing the filtering steps, followed by a
dereplication step and inferring the sequence variance using
standard settings of the DADA?2 functions ‘derepFastq’ and
‘dada’. Forward and reverse reads were merged, and a table
containing the number of reads per unique sequence variant
per sample was constructed. In a final step, chimeras were
identified and removed.

Automated taxonomic annotation of all obtained unique
sequence variants was performed using a home-made script
based on the BLAST® program, using the NCBI nucleotide
database as a reference. To avoid false positive detections
of NIS, we used a conservative approach for this automated
annotation, assigning a taxonomy only to reads for which
the top hits in BLAST had a sequence coverage of >90%
and a sequence similarity >97% (following e.g. Holman
et al. 2019). Reads were assigned to genus level in case all
hits with a similarity > 97% belonged to the same genus.
Likewise, reads were identified to species level in case the
top hits had a similarity >99% and all hits with a similar-
ity >99% belonged to the same species. Sequences that
could not be identified at least to genus level were recorded
as unidentified, as such results do rarely allow a reliable
detection of NIS.

For all reads identified as potential NIS, we assessed the
validity of this result via manual BLAST searches, analys-
ing the diversity observed among the top 50 hits (based on

@ Springer



Polar Biology

similarity). For some reads assigned to genus level only,
this allowed us to assess whether it more likely concerned
a native species or a species reported as NIS for the Sval-
bard region, thereby discarding some reads as belonging to
potential NIS.

Results
List of potential marine NIS for Svalbard

Based on all available information, a list of potential NIS
was drafted for Svalbard marine waters consisting of 123
species. The list predominantly consists of arthropods
(55%), along with chordates (14%), ochrophytes (7%), rho-
dophyte (5%), molluscs and nematodes (both 4%) species
(Online Resource 3).

New reference barcodes

In total 37 species were barcoded; 31 of these were devel-
oped for the 18S marker, and 28 species for the COI marker
(Online Resource 1). This included eight species identified
as potential Arctic NIS and 13 Arctic species that acted as
positive DNA references for the identification of species in
the sediment samples. These barcodes were submitted to the
NCBI database (https://www.ncbi.nlm.nih.gov/nucleotide).
Successful barcodes could not be produced for the chordate
Botryllus schlosseri, the chlorophyte Codium fragile, the
ochrophyte Fucus serratus and the rhodophyte Caulacanthus
okamurae/ustulatus (all collected from the Oosterschelde),
as well as an unknown tube worm and Mya sp. from Kongs-
fjorden, Svalbard.

Metabarcoding of sediment samples

A total of 299 species were identified from the molecular
analysis of the sediment samples, of which 243 were identi-
fied using the 18S marker and 64 using the COI marker. The
following eight species were identified using both markers:
the annelids Lysippe labiata, Scoloplos sp. and Terebellides
stroemii; the ochrophytes Desmarestia sp. and Thalassiosira
sp.; the chlorophyte Micromonas sp.; the mollusc Musculus
niger; and the myzozoan Polarella glacialis. More species
were detected in the sediment samples using the 18S marker
(range of total number of species per location was 121-141)
compared to the COI marker (range of total number of spe-
cies per location was 28—33) (Table A-B in Online Resource
4). The phyla with the greatest number of species in the DNA
reads obtained from the Kongsfjorden sediment samples
using the 18S marker were nematods (18-30 species), fol-
lowed by ochrophytes (17-20 species), chlorophytes (8—18
species), arthropods (8—13 species), and platyhelminthes
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(3—10 species) (Fig. 2a, Table A in Online Resource 4). The
group ‘other’ comprises other, less common, taxa, including
a wide diversity unicellular protists (see Online Resource 4).
From the COI results, mainly ochrophytes (8—14 species)
and annelids (7-13 species) were identified, followed by
molluscs (2—4 species) (Fig. 2b, Table B in Online Resource
4). The COI results also included the identification of the
terrestrial chironomid fly Micropsectra radialis, which was
found despite it not being a marine species.

Of the 243 species identified using the 18S marker, 79
(33%) were identified to species level, and the remaining
164 to genus level. Of the 64 species identified using the
COI marker 39 (61%) were identified to species level, and
the remaining 25 to genus level.

Five of the newly barcoded Arctic species were positively
identified in the sediment samples collected in Kongsfjorden,
Svalbard. This included one species using the 18S marker
(the chordate Pelonaia corrugata—5 samples) (Table A
in Online Resource 4) and four species based on the COI
marker (the molluscs Macoma calcarea—11 samples, Astarte
borealis—2 samples, Mytilus sp.—1 sample, and the rhodo-
phyte Polysiphonia arctica—7 samples) (Table B in Online
Resource 4).

Identification of NIS

Based on our drafted list of potential NIS for Svalbard
marine waters, seven potential NIS species were identi-
fied in the sediment samples collected in the Kongsfjorden;
three using the 18S marker, and four using the COI marker
(Table 1). The potential NIS consisted of three arthropods
(copepods and a cirriped), one annelid (polychaete), two
chordates (ascidians) and one mollusc (bivalve). Four were
identified to species level: the copepods Euterpina acuti-
frons and Oithona similis, and the ascidians Botrylloides
violaceus and Molgula manhattensis. Three were identified
to a genus level: the polychaete Scolelepis sp., the cirriped
Balanus sp. and the bivalve Mytilus sp.. Four were observed
in a single sample: in the harbour (Mytilus sp., B. violaceus),
near the mine (Balanus sp.), and near the Lovénbreen (M.
manhattensis), whereas Scolelepis sp. and Euterpina acuti-
frons were found in 4 and 11 samples, respectively.

Discussion
Detection of NIS

eDNA metabarcoding shows great potential as an effective
monitoring tool to assess the presence of NIS in environ-
mental samples. This pilot study using sediment samples
from Kongsfjorden, Svalbard, revealed seven species that are
listed as potential Arctic NIS based on their DNA (Table 1).
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Fig.2 Number of taxa (grouped A
per phylum), identified via 100%
metabarcoding based on 18S (a)
or COI (b), in sediment samples
collected in Kongsfjorden,
Svalbard, in July 2017
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One of these is however the copepod O. similis, which is,
although considered an NIS for Canadian ports (Brown
et al. 2016), ubiquitous and widespread throughout the Arc-
tic Basin and occurring naturally in Svalbard (Gulliksen
et al. 1999; Ormanczyk et al. 2017). It should therefore be
removed from the draft list of potential NIS for Svalbard.
Euterpina acutifrons is a harpacticoid copepod that was
detected in 11 sediment samples in Kongsfjorden (based
on the 18S marker). This may suggest that the species has

established in the region, although its presence has not
been reported in the Svalbard region before. It was identi-
fied earlier as an NIS in Canadian East Arctic-West Green-
land and Hudson Bay, with vessels mentioned as a possible
vector and with an unknown source region (Brown et al.
2016; Chan et al. 2018). No information is available on
its potential impact on the ecology around Svalbard. In
temperate and tropical areas E. acutifrons is a dominant
member of some planktonic communities (Sautour and
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Castel 1993; Yahia et al. 2004; Vidjak et al. 2006). The
dominance of the species is reliant on high concentrations
of suspended particulate matter (Sautour and Castel 1993)
and although E. acutifrons is reported to overwinter in the
sediment at low temperatures (<9 °C), breeding is lim-
ited in temperatures below 16 °C (D’Apolito and Stancyk
1979). Under current climate conditions the Arctic waters
do not seem to meet the environmental parameters neces-
sary for the species to become dominant.

The colonial chain tunicate B. violaceus and the solitary
tunicate M. manhattensis (sea grape) were both identified
in one sediment sample. Based on these data it cannot be
concluded whether they were settled, or whether the positive
identifications were based on alive or dead cells. Both tuni-
cates are invasive in other regions and can cause significant
negative impacts (Carver et al. 2006; Fofonoff et al. 2018).
They can smother other species, and compete with filter
feeders for food, potentially leading to serious changes in the
local biodiversity (Carver et al. 2006; Carman et al. 2010).
Economic problems of these species have been reported for
aquaculture, fishing and shipping by clogging equipment and
increasing maintenance costs (Carver et al. 2006; Fofonoff
et al. 2018). Potential vectors of introduction to Svalbard are
shipping and floating debris (Carver et al. 2006; Lejeusne
et al. 2011). Under current climate conditions, B. violaceus
can survive year-round in large areas of the Bering Sea shelf,
but with limited opportunities for reproduction (Reimer et al.
2017). The temperature range for survival of this species lies
between — 0.6 °C and 29 °C with a salinity range of 20-38
%o, whereas for sexual reproduction this range was between
15 °C and 25 °C with a salinity of 26-38 %o (Reimer et al.
2017). Colony growth, however, can also occur by asexual
budding and fragmentation which may enhance vegetative
growth where established. Temperature survival of M. man-
hattensis is reported to be between — 1.5 °C and 32.1 °C with
a mean salinity of 30.6%0 + 5.6 (Lins et al. 2018). Both tuni-
cates recently had first observations in southwestern Iceland
in 2018, which is considered a first station for expansion
of NIS towards very cold areas (Ramos-Espla et al. 2020).
The observed effects of both species in other invasion areas
indicates the urgency to assess the route of introduction and
establishment potential on Svalbard.

Another novel observation for Svalbard was that of the
sabellid polychaete, Chone mollis, in one sediment sample
of the Krossfjorden (based on the COI marker, Table 1).
This species was not included in the list of potential NIS
for Svalbard. It is known to occur in muddy sands of estu-
aries of the Pacific in the northern hemisphere (Bonar
1972), but has not been previously described for Svalbard.
Related Chone spp. are however common to the Svalbard
coast, such as Chone duneri, Chone infundibuliformis and
Chone paucibranchiata (Gulliksen et al. 1999; Palerud

et al. 2004). Further monitoring is needed to confirm
whether Ch. mollis has established in the Svalbard region.

One sample in the harbour contained a positive identifi-
cation for the mussel Mytilus sp.. Nowadays, several Myti-
lus spp. can be found on Svalbard: Mytilus edulis, Mytilus
galloprovincialis or hybrids of M. edulis/M. galloprovin-
cialis and M. edulis/Mytilus trossulus, although M. edulis
is so far the most abundant species (Mathiesen et al. 2017;
Westawski and Kotwicki 2018). A recent study indicated
that mussels (M. edulis) found on floating debris around
Svalbard were hybrids of boreal and warm temperate taxa,
some with genetic structure resembling populations in the
UK, Iceland, and western mainland Europe (Wenne et al.
2020). This shows the complex interpretation of origin that
may also account for other NIS.

Of the list of 123 potential NIS for Svalbard, 12 species
have already been observed in earlier studies in this region
(Online Resource 3): the annelid Spiophanes kroeyeri
(Gulliksen et al. 1999; Palerud et al. 2004); the arthropods
Crassicorophium bonellii, Lithodes maja and Paralith-
odes camtschaticus (Gulliksen et al. 1999; Palerud et al.
2004); the bryozoan Schizoporella unicornis (Gulliksen
et al. 1999; Palerud et al. 2004); the chordates Botryllus
schlosseri and Ciona intestinalis (Gulliksen et al. 1999;
Palerud et al. 2004); the echinoderm Echinus esculentus
(Gulliksen et al. 1999; Palerud et al. 2004); the mollusc
Mpya arenaria (Gulliksen et al. 1999; Palerud et al. 2004);
the ochrophyte Fucus serratus (Gulliksen et al. 1999),
and the rhodophyte Dumontia contorta (Gulliksen et al.
1999). Whether all these species were correctly labelled as
potential NIS to Svalbard needs further study. The annelid
Heteromastus filiformis, also listed as potential NIS for
Svalbard and observed in earlier studies, is not consid-
ered an NIS to Svalbard. Another 26 species of the list of
potential NIS for Svalbard have been identified in ballast
water samples collected from ships arriving to Svalbard
(Ware et al. 2016) (Online Resource 3).

It is important to realise that not all newly arriving
marine species become invasive or form a nuisance to the
receiving habitat. A newly arrived NIS may settle, grow
and reproduce, while slowly obtaining an ecological niche
in the new habitat. With the warming waters in the Arctic
region, the coastal waters around Svalbard are expected to
become more hospitable to more southern species in the
near future (Ware et al. 2016), while indigenous species
may be less adapted to the new conditions. Although only
a few of the many introduced species may become pests,
the impact of these may be large (Mack et al. 2000). There-
fore, it is better to prevent anthropogenic introductions of
new species, as measures for prevention are more realistic
than measures for removal of already established NIS.
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Using eDNA metabarcoding as a monitoring tool

Some of the potential NIS found in the sediment samples
could only be identified at a higher taxonomic level than
specified in the list of potential Arctic NIS (Table 1). Based
on genus level, no confirmation on the presence of the actual
Arctic NIS can be made as many of the taxa identified to
genus level may be species that are native to Svalbard, such
as e.g. Balanus balanus, Mytilus edulis, Scolelepis burkovs-
kii, and Scolelepis squamata (Gulliksen et al. 1999; Varpe
2012; Sikorski and Pavlova 2015). Incomplete identification
of species in the sediment samples was generally due to the
absence in the references library of either the native or the
invasive species, and/or the 18S and COI marker regions
showing insufficient polymorphisms between species within
a genus to properly distinguish them.

This further stresses the need for the publication of spe-
cies-specific barcodes for commonly used DNA markers
(such as 18S and COI) in international reference databases,
such as the online BOLD and NCBI databases. This will
ultimately lead to a more detailed identification so that NIS
sharing a genus with native species can be successfully dis-
tinguished. In this study, we provided new barcodes for 31
marine species, of which eight are listed as potential Arc-
tic NIS. Unfortunately, barcodes for 14 of the 123 species
from the list of potential marine NIS for Svalbard, are still
missing for both the 18S and COI marker (Online Resource
5). An additional 33 have missing barcodes for either the
18S or the COI marker. A follow-up project to update the
international barcode databases for these species is therefore
essential to enable a more complete identification of marine
NIS on Svalbard.

This study was a proof-of-principle for using sediments
for the identification of NIS. These data can however also be
used for assessing species diversity. Already in the relatively
small sample volume (40 g ww of the top 1 cm), 299 species
were revealed. For a proper baseline description of biodiver-
sity, of course, an optimised number of samples is needed
per sampling site. In our study we found that for the COI
marker up to seven to eight sediment samples were needed
to obtain 95% of the total observed species at NA harbour,
NA mine and the Lovénbreen (Figure A in Online Resource
6). For the 18S marker, up to ten samples were needed to
obtain 95% of the observed species at the sampling sites. As
the species-accumulation curves from all sampling sites for
this marker had not reached assymptotes yet, this indicates
the ideal number of samples will be more than ten (Figure
B in Online Resource 6). Care should be taken to use these
minimum sample numbers as a fixed number of samples for
all sites. Not all species in the environment are currently
covered by the molecular markers and site heterogeneity also
influences the required number of samples. For marine water
samples it was suggested to collect at least 15 samples for

@ Springer

a comprehensive estimate of biodiversity at a site (Lacour-
siere-Roussel et al. 2018).

A combination of different sample types will further com-
plement the information on the presence of marine species
(including NIS) in a particular area, such as water samples
for mobile species, hard substrate scrapes or plastic debris.
For example, we identified 26 species on a piece of floating
soft plastic in Ny-Alesund harbour that were not found in the
harbour sediment (see Online Resource 7). Floating debris
can act as rafts onto which species can attach and travel
significant distances on ocean currents (Carlton et al. 2017).
Encrusting species such as the bryozoans Electra spp. and
Eucratea loricata, the cirripeds Semibalanus balanoides and
Lepas anatifera, and the bivalve Mytilus sp.were previously
observed on large plastics items such as boxes, barrels and
liquid containers that were washed upon beaches of Prins
Karl Forlandet, Svalbard (Westawski and Kotwicki 2018),
with L. anatifera being not native to Svalbard. The consid-
erable amount of floating plastic in the oceans increases
the risk of introducing hitchhiking NIS. Coastal monitor-
ing efforts should therefore also include floating plastic as a
potential vector of NIS introduction.

At present the identification of species in eDNA may not
provide direct information on whether the species is alive
or not. A positive identification however shows that DNA
fragments were present at the monitoring site. For screen-
ing purposes of NIS therefore, this information forms an
important first step for selecting sites for further analysis
and applying a more thorough study using visual inspection.

Future perspectives

Metabarcoding is a suitable technique for rapid detection
of the presence of species in coastal ecosystems. It enables
analysing samples en masse without the expertise-intensive
taxonomic identification of individual specimens. The 18S
and COI markers provided complementary information, in
total identifying 299 species in the sediment samples, with
only eight species overlapping for both markers. Many of
the identified species came from groups of microorganisms
and from taxa that are rarely studied and sampled in this
region, such as flatworms, fungi, slime molds, and parasites
from a variety of phyla, especially using the 18S marker as
general wide screening of species (Tables A and B in Online
Resource 4). This shows that the technique has great poten-
tial for describing otherwise understudied local biodiversity.
This also accounts for early life stages and organisms that
are hard to detect by visual taxonomic identification tech-
niques, and can assist by rapidly enhancing information on
the occurrence of such species.

Already the limited sampling performed in this study
indicated the presence of marine NIS on Svalbard and
showed that the eDNA metabarcoding method is well-suited
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for the detection and monitoring of the presence of NIS. The
novel observations of E. acutifrons, B. violaceus, M. man-
hattensis and Ch. mollis in our pilot study warrant further
detailed studies to assess whether these species established
in Svalbard waters and to unravel their vector of introduc-
tion and point of arrival, as well as their potential impact
on the system. Passenger and cargo shipping is likely the
primary vector of marine NIS to Svalbard, whereby they
can facilitate NIS introduction through hull fouling, ballast
waters and discards of food products (primarily from cruise
ships). In addition, floating debris can serve as both long
and short distance vectors, whereas natural spreading can
occur from NIS introduced to mainland Norway in recent
years. We argue that the likely points of arrival via most of
these vectors are in areas such as harbours (Longyearbyen,
Pyramiden, Barentsburg, Svea and Ny—Alesund), exposed
shorelines and places where drifting marine litter is piling
up on beaches. In fact, our focus on the Kongsfjorden sys-
tem (Ny-Alesund) likely gives a very conservative picture
of the presence of marine NIS on Svalbard as the Isfjorden
(Longyearbyen and Barentsburg) experiences much higher
ship traffic and the exposed west coasts of Spitsbergen north
of Van Mijenfjord are hotspots of drifting debris.

Monitoring the introduction vectors and presence of NIS
in Svalbard waters can lead to effective mitigation measures
to stop the further introduction and anthropogenic spreading
of NIS. We suggest to focus on strategic points of entry, such
as those mentioned above, during the busy traffic months
in summer. Frequent surveillance of ship hull fouling, and
ballast water (see Ware et al. 2016), combined with targeted
sampling of harbour and coastal habitats and education of
local residents to identify likely NIS, are also advised to
increase effectiveness in monitoring. A similar monitoring
strategy is advisable to other harbours in the Arctic region
as information on marine NIS is urgently lacking for this
region. Finally, ecological studies of the potential impacts
of these organisms are needed to assess whether the negative
effects on the ecosystem, as observed elsewhere, may also
account for Svalbard.

Supplementary Information The online version contains supplemen-
tary material available athttps://doi.org/10.1007/s00300-021-02822-7.
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