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Abstract

The clinging jellyfishGonionemusp. is a small hydromedusa species known histoyiG@im

the Swedish west coast but not reported in re@meist This species is thought to be native to
the northwest Pacific where it is notorious forsiag severe stings in humans and is considered
invasive or cryptogenic elsewhere. This year, urilikhe past, severe stings in swimmers
making contact wittGonionemusp. medusae occurred in Swedish waters from aesbélt
eelgrass bed in the inner Skagerrak archipelagéhd dest of our knowledge, this is only the
second sting record @onionemusp. from the Northeast Atlantic - with the firstoed

occurring off the Belgian coast in the 1970s. Stiggsonionemusp. medusae have also been
recently reported from the northwestern Atlanticstpehere, like on the Swedish coast, stings
were not reported in the past. We analyzed seasitémperature data from the past 30 years

and show that 2018 had an exceptionally cold sgotigwed by an exceptionally hot summer.

It is suggested that the 2018 temperature anomedigisibuted to the Swedish outbreak. An - {

Commented [R1]: Check Kakinuma (1971). The paper
described condition of medusa budding from polyp.

analysis of mitochondrial COI sequences showed thatlsh medusae belong to the same
clade as those from toxic populations in the Setapfin and northwest Atlanti@onionemus
sp. is particularly prone to human - mediated disgleand we suggest that it is possible that this

year's outbreak is the result of anthropogenicdieceither through a climate-driven northward

range shift or an introduction via shipping activiive examined medusa growth rates and - -

details of medusa morphology including nematocyBio types of penetrating nematocysts:

Commented [R2]: It is not enough to estimate of
medusa growth because only two sampling data. The
authors should collect medusae during all months of the

euryteles and b-mastigophores were observed, simggésatGonionemusp. medusae are able
to feed on hard-bodied organisms like copepodsctattbcerans. Given the now-regular

occurrence and regional spread3afnionemusp. in the northwest Atlantic, it seems likely that



46  outbreaks in Sweden will continue. More informatanits life cycle, dispersal mechanisms,
47  and ecology are thus desirable.

48



49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

Introduction
There is increasing concern over the highly toxyptogenic clinging jellyfisilGonionemusp.
(Hydrozoa, Limnomedusi due to outbreaks in scattered temperate coastas avorldwide,
where the jellyfish are either previously unrecakder where they have not been observed for
decades (Rodriguez et al., 2014; Govindarajan & @arra016; Gaynor et al., 2016;
Govindarajan et al., 2017; Marchessaux et al., R0llYese hydromedusae can have a potent
sting that causes severe pain and other symptomstans (Pigulevsky & Michaleff, 1969;
Otsuru et al., 1974; Yakovlev & Vaskovsky, 1993; Gaoldrajan & Carman, 2016; Marchessaux
et al., 2017). As well, they can be lethal to thpedators (Carman et al., 2017).

It appears likely that the curreBbnionemusutbreaks are facilitated by anthropogenic

transporf(citations) The adulGonionemusnedusae which reach approximately 3 cm in

diameter, have adhesive structures positioned tataedldistal ends of their tentacles - { commented [R3]: Gonionemus and Scolionema have
_adhesive pad on t_he tgptac]es. Nyrr_\ber o_f statocyst is
(citations) which they use to cling to the eelgrass suchassera maringcitations) Thus while mportant key for identification (within 16 in Scolionema,

over 16 in Gonionemus).

the medusa occasionally swim out of the eelgrassiaves, natural or anthropogenic medusa
dispersal, while possible, may not be the primaeghanism for its sprea@Gonionemusp. has
a complex life history that includes minute bentsexual stages (Perkins, 1982kinuma,
1971;Uchida, 1976) that may be amenable to human-metliedasport on ship hulls (Tambs-
Lyche, 1964), shellfish (Edwards, 1977), and de@lsoong et al., 2018).

An understanding of the dispersal history and gspoéalinging jellyfish has been
hampered by a complex taxonomic history. The n@meionemus vertersgassiz, 1862 has
been used recently to refer to “clinging jellyfisindm throughout the northern hemisphere but
was originally described from material collectedPimget Sound, the North East Pacific

(citations) In the Atlantic the clinging jellyfish were origglly described aGonionemus
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murbachiiMayer, 1901, and were considered distinct f@nvertengcitations) They were
later synonymised (Kramp, 1959) and the Atlantic paiiens were hypothesized to have been
founded by anthropogenic introductions from theifRa€Tambs-Lyche, 1964; Edwards, 1977;
Bakker, 1980), although this was not accepted byBalked on consistent morphological

characters, some authors either maintainedntimachiiname (Rottini, 1979) or considered the

two forms to besubspeciegNaumov, 1960). Govindarajan et al. (2017) fourat thifferences in__ - { commented [R4]: Not ltalic?

. . . i B " | Commented [R5]: Govindarajan (2017) is not in
mitochondrial COIl sequences were also consistenttivithiertens- murbachiiforms; but noted references. Is it 20122 Check other parts.

that these differences do not correspond to thenéit - Pacific division suggested by Naumov
(1960). Owing to their episodic nature and the latkontinuity in observations of late 19th and

early 20th centurgs. murbachiiand contemporary populations in 8emurbachiitype locality,

asGonionemusp. until the taxonomy can be further clarified.

Gonionemusp. has been previously reported from Scandinai@hNorth Sea waters
(reviewed in Bakker, 1980; Wolff, 2005), but we ar# aware of any stings associated with past
observations. Here, using morphological and mokrceNidence, we document blooms of the
highly toxic lineagesonionemusp. in the summer of 2018 associated with a skeelteelgrass
(Zostera marinpbed on the Swedish west coast. We report the fisst ohaGonionemusp.
envenomation in Scandinavian waters and discugsabsble origins of these apparently new
and highly toxicGonionemusp. populations. We also suggest that warmerakarage sea

surface temperatures may have contributed to th8 G@nionemusp. outbreaks.

Materials and Methods

Sample collection and field observations
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The first reports of an unknown stinging medusaeectom swimmers through media on 27th
July 2018 (SVT, 2018). Several swimmers had begmgsat Knuten on the northeastern
(leeward) side of the island Tjorn (58.0782°N; 1851, Fig. 1). On two occasions, the 2nd
and 18th of August, we sampled medusae by snorkelititge eelgrass bed with a small hand

held net (120x150 mnmesh size?]BL GmbH & CO, Neuhofen Germany). Medusae were

transported live in aerated tahks to the laborafmranalysis and maintained on a diet of - {

~
~

Commented [R7]: How size and water volume of
tanks?

Commented [R8]: How many feeding by a week?
Everyday?

~

{Commented [R9]: nauplii?

(D U

Medusa size and nematocyst identifications

The diameter of th&onionemusnedusae was measured by imaging the uncontractddsae

camera (Nikon D71QMNikon Corporation, Jap®nA plastic millimeter ruler in the box was used

for reference to measure the bell diameter in Imb@&chneider et al., 2012). Some of the
Gonionemusnedusa&nd their nematocysts were examined and photograpitiec Leitz
DMRBE stereomicroscope and with a Leica MZI6A lighitroscope (LM)Ycompany and
country)equipped with interference-contrast optics, 1000 P8, fluotar objectives. Both
microscopes were connected to the digital photdpeaent Leica application suite, version 3.8

(LAS V3.8). Measurements on different medusa stinest were made in the stereomicroscope,

did you prepare and observe nematocysts? Fresh
tissue squashed on the slide glass using cover glass?

measurements are from living hydromedusae.
The nematocysts were identified by size, structaceshape of their undischarged and
discharged capsule and shaft, and on the spinerpatt the shaft. The classification system and

nematocyst nomenclature of Ostman (2000, and refesctherein) was used.
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Temperature record

Sea surface temperature data was downloaded froBwibdish repository for environmental
monitoring data (SMHI, 2018). The closest monitgrgtation with sufficient resolution and
duration was “Astol”, 23 km from the collectionesit57.922°N; 11.590°E, Fig. 1). Sea surface
temperature from 1986 to 2018 was binned into mygraherages. The monthly mean

temperatures for 2018 were graphically superimposédientify anomalies.

Phylogeographic analysis

Molecular procedures and analyses were conductie &/oods Hole Oceanographic
Institution (Woods Hole, MA, USA) except where indedt Genomic DNA was extracted from
15 preserved hydromedusae collected from the leesidedof Tjérn Island, Sk&pesund (Fig. 1)
using DNeEasyBlood & Tissue?Extraction Hts (Qiagen Germanyyaccording to the
manufacturer’s protocol. A ~650 base pair portibthe mitochondrial COI gene was amplified

and sequenced using primers from Folmer et al.4)1@8ing the approach described in

30s, 72°C 1 min; and 5 minutes at 72°C. PCR pradwete visualized on a 1% agarose gel
stained with GelRed, purified withI@aquick PCRPgurification Kkits (Qiagen Germanyy
according to the manufacturer’s protocol, and gfiedtusing a NanDdrop 2000

spectrophotometdiThermo Fisher Scientific, USPurified products were sequenced in both

directions (Eurofins, https://www.eurofins.com/). Additional specimen was amplified using a
similar protocol in Sweden and sent for sequencsiggithe GATC LightRun Barcode service

(www.eurofinsgenomics.eu). Sequence chromatograms e¥@luated and assembled using
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Geneious version 9.0.5 (https://www.geneious.coAs$embled sequences were aligned with

alignment dataset with the Swedish sequences. Aligtawezre conducted using ClustalwW
(Larkin et al., 2007) in the Geneious platform wdfault parameters. The alignments were
confirmed by eye and the ends were trimmed to 58& pairs to standardize sequence length
and facilitate a direct comparison with the analysinducted by Govindarajan et al. (2017) and

the new GeBbank sequences that were also that length. Neigloing trees based on Kimura

2-parameter distances (to be consistent with posvémalyses; Zheng et al., 2014; Govindarajan

et al.,

Results

Sample collection and field observations

Medusae were collected at two occasions from ttigp&und location (Fig. 1) and identified

morphologically assonionemusp. (Fig. 2). Medusae possessed adhesive padsctdrastic of

the genugsonionemusdocated towards the distal ends of their tenta@tes 2-3, more detailed

morphology in Supplementary Figs 1-6), which allinem to “cling” to the eelgrass. Similar to

(Govindarajan et al., 2017), medusae were relatiftal and had relatively thin, dull orange -
brown gonads.
One of us (BK) was stung several times while skitingjyon the first sampling date. The

stings left red marks at the site of contact arwdipced marked pain for several hours and

201[7) were constructed the PAUP* 4 (Swoff@@f)3) accessed through Geneious. - {commented [R15]: 20127

Commented [R16]: | could not find that G. sp. appear
from the Sea of Japan in Govindarajan et al. (2016).
The species is common in Japanese waters (see
Kakinuma 1971).
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feelings of unease throughout the first night afseds. As reported elsewhere (e.g. Pigulevsky
& Michaleff, 1969) stinging sensations where fefotighout the night even at places on the
body where no direct contact had occurred. Localspapers also reported stings in other
swimmers, with similar outcomes and in a few caBesvictims had strong reactions that

demanded medical attention (Aftonbladet, 2018).

-~ - | Commented [R17]: Not enough sampling data to
estimate of growth rate. It needs data from start of
medusa appearance to disappear of ones.

TheGonionemusp. population showed slight growth over the 164kyod between sampling

dates (p < 0.001, Fig. 2). At the initial time poitite mean diameter was 9.8 £ 2.7 mm. Sixteen
days later, at the second time point, the meanveizell + 1.8 mm suggesting an average

growth rate of 0.08 mm per day.

Detailed medusa and nematocyst morphology

Gonionemusp. possesses a well-developed transparent vehwar@d projecting rim of tissue;

Figs. 3A-3D). Four narrow radial canals form a cetible cross centrally inside the dorsal bell _ - { Commented [R18]: Subumbrella

cavity (Figs. 3B, 3C). The stomach with connectiranobrium (tube-like projection with the
mouth) is centrally attached to the cross-regiothefradial-canals (Figs. 3B-3D). The gonads
are arranged along most of the length of the radiaals (Figs. 3A-3B, 3D). Mature female
gonads are light yellow-brown; each gonad is folei¢ol 6-8 broad bulbs (Fig. 3A). The male

gonads are darker brownish-red and each folde®uit® smaller bulbs (Figs. 3B, 3D).

ring canal, which surrounds the bell close to taleim (Figs. 3A-3G). Contracted tentacles are

stubby (Fig. 3D) and are less than half the lenfixtended tentacles (Figs. 3F, 3G). Close to



187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

or at a short distance from the tentacle tip, alldpeading is present on each tentacle, caused by
the presence of an adhesive pad (Figs. 3D, 3F,B®&)adhesive pad is located to one side of
the tentacle and causes the tentacle to bendptiosng outwards (Figs. 3A, 3G, detailed view

in Fig. 4B).

The gracile tentacles are in their mid-region bleslored along most of their length (Figs.
4A-C) and are armed with ring-shaped nematocystties. Batteries with closely packed
nematocysts form rings around the tentacle (Fig. &)all patches of nematocysts are scattered
between the nematocyst rings, most clearly vigblehe black pigmented mid-streak of a
tentacle (Figs. 4A, 4B).

Two nematocyst types, microbasic euryteles andabasic b-mastigophores, are present in
the nematocyst batteries around the tentacles. (&ig€lK). The euryteles are larger and by far
the more abundant. Some small microbasic b-magstgyes were loosely scattered among the
euryteles. The capsules of both euryteles and-thadiigophores are broad, rounded basally and
slightly narrower apically (Fig. 4EThe inverted eurytele shaft is broad, rod-shaped wi
pointed apical tip. The pattern of the shaft issgaliby its long, inverted spines, all pointing
towards the apical capsule opening with its lid. rhwerted tubule makes slightly oblique coils
to the long capsule axis and almost fills the wiaalpsule, except for its basal end. The narrow
shaft of the small microbasic b-mastigophore waghsly bent, following the convex capsule
side (Figs. 4E-4K). Discharged eurytele shaft wasdyrood-shaped with distal swelling armed
with long spines (Figs. 4H, 4l, inset). The pronmineounded lid at apical capsule, and the
difference of the diameter of shaft and distal talwere obvious (Figs. 4l, 4J). On discharged
microbasic b-mastigophore® clear spine-pattern on the narrow shaft and neab difference

between the diameter of distal tubule and shafilagwere visible (Figs. 41, 4K).

10
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Additional morphological details are presented ip@ementary Figures 1-6.

Temperature
The 2018 spring and summer temperatures in Asta awromalous relative to the previous 28
years (Fig. 5). The spring temperatures were apprabely 2°C cooler than during 1986-2018;

while the summer temperatures were approximatelyv@@ner than 1986-2018.

Phylogeographic analysis

DNA Sequences were obtained for 16 Swedsinionemusp. medusae and submitted to
GerBbank (accession numbers MK158929-MK158944). Thessefjiences comprised three
haplotypes. Nine medusae possessed one haplotypedsae possessed a second haplotype,

and a single medusa possessed a third haplotypeSWhdish sequences were aligned with

representatives of each of tBenionemusp. haplotypes described in Govindarajan et am@ - { Commented [R20]: 2012?

and additional haplotypes found in subsequentlylava GeiBbank sequences. These newer
GerBbank sequences included one representative from Neseyon the USA mid-Atlantic
coast (accession number KY451454; Gaynor et al.,)284@ 104 sequences from three Chinese
locations (accession numbers MH020640 - MH020743g&LDong, unpublished).

An initial alignment and neighbor-joining tree bEtnew Chinese sequences from

GerBbank showed that they comprised 9 haplotypes (Fid-&plotypes were labeled by

the 9 haplotypes, one matched Haplotype 9, one madtidaplotype 4, and 7 were unique for

Sweden. One sequence representing each of theWeunaplotypes were selected for the

11
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analysis with the Swedish unique sequences. Tigteshtew Jersey sequence matched one of
the Swedish haplotypes, as described below.

A neighbor-joining tree of the Swedish sequencestha unique COI haplotypes was
generated (Fig. 6). We found that the most abun8ewetdish haplotype (found in 9 out of 16
medusae from the Northwest Atlantic (from the staféSonnecticut, Rhode Island,
Massachusetts, and New Hampshire along the northeas& coast) and the Northwest
Pacific (including the highly toxic Vladivostok-argopulations from the Sea of Japan). The
second Swedish haplotype, termed “Haplotype 9” hackfound in 6 out of 16 specimens,

matched the haplotype from New Jersey.

Discussion

We documented a bloom of the highly toxic clingjallyfish Gonionemusp. associated with
severe stings to humans on the Swedish west coasurflamowledge, this is the first record of
clinging jellyfish envenomations to humans fronstheégion. The symptoms reported by one of
the authors (BK) are consistent with those descritied the Northwest Atlantic and Sea of
Japan(citations)

Clinging jellyfish have been previously reportednfr European Atlantic, North Sea, and
Mediterranean coasts, as well as the northwesterntit]dhe northwestern Pacific and Sea of
Japan(citations) The records of clinging jellyfish in Europe apogadic. In Atlantic coastal
waters, observations date back to the early 19Békker, 1980), and in the Mediterranean
possibly back to the 1870s (@ssmotira salinariumDuplessis, 1879)Gonionemusp.has also

been reported from several aquaria with Atlantic kedliterranean source water (reviewed in

12
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Edwards, 1976 and Bakker, 1980). However, in cahtawestern Pacific and Sea of Japan
populations, where there is a long record of sesgngs, stings to humans have not been
reported to our knowledge from European populatiorts 2016 (from the French
Mediterranean coast; Marchessaux et al. 2017).

The history of clinging jellyfish in European Atlanivaters is comparable to that along
the Northwest Atlantic US coast and may similanigicate a new, cryptic invasion of a more
toxic form. Both regions have a history of episodlinging jellyfish sightings, but no record of
stings until recently. However, the existence of ipldtspecies and highly episodic life cycle
make drawing conclusions difficult. Our genetic lgais confirmed our morphological
identification, placing the Swedish form into tBenionemusp. clade that includes with the
highly toxic phenotype. Our morphological observiasi@re consistent with historical European
observations of the apparently less toxic fo@orionemus murbachjibut it seems likely that
toxicity varies within theGonionemusp. clade (Govindarajan et al., 2017) so thisrdisancy
does not rule out a new introduction.

Additional sampling and analysis of nuclear markeitsbe required to fully solve the
Gonionemuszoogeographic puzzle”. However, our COI data preséveral new insights. One
of the three Swedish haplotypes (Haplotype 4 in €)ds also found in the northern Northwest
Atlantic and the western Pacific/Sea of Japan regighich contain highly toxic individuals, and
may indicate a common origin. Another of our haybets (Haplotype 9 in Fig. 6) has also been
reported from New Jersey, USA, which is in the midbrthwest Atlantic regionGonionemus
sp. was first reported in New Jersey in 2016 (Gayhat.£2016). Our analysis could indicate an

independent origin of the New Jersey populationtireddo the northern Northwest Atlantic

13
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populations. Our third haplotype (Haplotype 8 ig.F8), found in only one individual, was
unique.

Interestingly, our haplotype tree also shows thatRacific region contains the greatest
number of haplotypes (10) but only one of thesep{btstpe 4) is found outside of the region.
This result is consistent with a scenario wherebsetuof the ostensibly native Pacific diversity
inoculated other regions. However, the observaticgsewéral haplotypes in Sweden and
elsewhere that have not yet been found in the ieaitifcombination with the historical record
of sightings from these same regions, suggestswbaannot rule out that the Northwestern
Atlantic and Mediterranean regions contain natiweity, either instead of or in addition to
introduced lineages.

There are ample pathways and opportunitie&fmmionemusp. to be introduced to the
Swedish coast. The life cycle Gonionemusp. includes minute polyp and cyst stages (Perkins

1902;Kakinuma, 1971tchida, 1976) that could have easily arrived unratidn a genetic

survey of epifaunaizonionemusp. was recently identified from the North Americatific
coast on tsunami debris originating from Japan @Dlcet al., 2018). This suggests that polyp,
frustule, and or cyst stages are capable of lostgdce transport on anthropogenic surfaces.
There are two larger international harbors nearstudly siteGonionemusp., Wallhamn and
Stenungsund (Fig. 1); thus, it is quite possib& thhighly toxic lineage arrived via one of these
stages on ship hulls most likely as polyps. Furttoee, there are many recordsGdnionemus
sp. occurring in public aquaria, where they presuynastablish from polyp stages
accompanying materials brought to the aquaria (Eahylche, 1964).

Another factor that may have played a role in t&82Swedish clinging jellyfish

outbreak is temperature. Water temperature istigarfactor initiating seasonal hydrozoan

14
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polyp activity (Calder, 1990). The year of thelmetk (2018) was exceptional in that it had
both an approximately two degrees colder than aeespgng and a two degrees warmer than
average summer. Either or both of these anomedieksl have facilitated thEonionemusp.
outbreak Gonionemusp. medusae are produced by polyps, which mag &om frustules or

cysts (Perkins, 1903; Uchida, 1976). It is not knomhat environmental factors or the time

inducement factor of medusa budding. See Kakinuma
(21971). And discuss why Gonionemus sp. appeared in

salinity have been implicated in affecting Russtaa of Japan populations (Yakovlev & Swedish waters.

Vaskovsky, 1993).

It seems probable that, similar to the US Atlantiast@Gonionemusp. will spread to
new sites along the North Sea coast and potenfiallg¢ hazards to both humans and ecosystems.
Regular monitoring and surveys will be crucial fooyiding warnings to protect bathers and

others from potentially harmful interactidns. Ouowth rate data showed a ~12% increase in

size over 16 daﬁ/g,.:[efnjgejafltyrfeﬁ@nﬁdﬁfggq availgfitie likely factors affecting growth rate and _ - { Commented [R24]: | think additional data is needed.
See above comments.

should be explored.

More information is also needed to understandrimact ofGonionemusp. in eelgrass
communities, but the morphological features we oleskprovide some insight into their
ecological rolesGonionemusp. medusae spend much of their time “clingingéétgrass with
their adhesive pads. Free (unattached) tentactesfian extended into the ambient current. This
pattern of passive drifting of tentacles is typligakeen in hydromedusae that are ambush
predators (Madin, 1988; Colin et al., 2003). Teitiggto the seagrass will also increase
encounter rate with prey if there is a current jpasthe tethered medusa. The nematocyst types
we observed, euryteles and microbasic b-mastiggshand their arrangement in raised clusters

on the tentacles suggest tainionemusp. feeds on hard-body prey such as crustaceans

15
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(Purcell & Mills, 1988). This is consistent withpmrts thatGonionemusp. medusae feed on
small zooplankton such as copepods (Mills, 1988&overteny) and observations in laboratory
cultures that they feed on copepods angmianauplii (AFG, CO, pers. obs.).

Intriguingly, Gonionemusp. may mediate the interactions of other spemiescause
mortality in non-prey organisms. For example, altrgNorthwest Atlantic coast in
Massachusetts, Carman et al. (2017) foundGetionemusp. was consumed by a native
spider crab but not by the invasive green crab.allbors also found th&onionemusngestion
resulted in crab death when large numbers of jelyfiere consumed. ThuSpnionemusp.
may potentially impact native ecosystems via déffetal predation by a native species (spider
crabs) that may lead to a decline of that speuib#e avoidance oGonionemudby a destructive

invasive species could potentially facilitate itsxdnance.

Acknowledgements

Funding was provided by the Swedish Research Co(WRijl to ES “Signals in the Sea” and
from the faculty of Science of Uppsala Universitya®. Hans Hallman is gratefully
acknowledged for sampling assistance.

Funding for the DNA sequencing analysis was provioethe Kathleen M. and Peter E.

Naktenis Family Foundation and the Borrego Fouodati

References

Aftonbladet. 2018. https://www.aftonbladet.se/nyhef®EABM2/ovanlig-manet-upptackt-i-

bohuslan--kan-orsaka-kramp-och-hjartrusning

16



345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

Bakker C. 1980. On the distribution dbtnionemus verteh#\. Agassiz (Hydrozoa,
Limnomedusae), a new species in the eelgrass lieddke Grevelingen (S.W.

Netherlands)Hydrobiological Bulletin14(3):186—-195.

Broch H. 1929. Craspedote Medusen. Teil II: Traickgn (Trachymedusen und Narcomedusen).

Nordisches Planktoh2:481-539.

Calder DR. 1990. Seasonal cycles of activity amadtinity in some hydroids from Virginia and

South Carolina, USACanadian Journal of Zoolog§8(3):442-50.

Carman MR, Grunden DW, Govindarajan AF. 2017. Spesjacific crab predation on the
hydrozoan clinging jellyfistGonionemusp. (Cnidaria, Hydrozoa), subsequent crab

mortality, and possible ecological consequeneegsrJ5:e3966.

Choong HH, Calder DR, Chapman JW, Miller JA, Gelley GBrlton JT. 2018. Hydroids
(Cnidaria: Hydrozoa: Leptothecata and Limnomedusag)011 Japanese tsunami marine
debris landing in North America and Hawaii, with revisnotes orHydrodendrorHincks,

1874 and a diagnosis of Plumaleciidae, new fanituatic Invasiond.3(1):43-70.

Colin SP, Costello JH, Klos E. 2003. In situ swimmémgl feeding behavior of eight co-

occurring hydromedusablarine Ecology Progress Seri@§3:305-309.

Duplessis G. 1879. Etude surGasmetira salinarurmouvelle Méduse paludicole des environs

de CetteBulletin de la Société Vaudoise des Sciences Nis6(81):39-45.

Edwards C. 1977. A study in erratic distributidme bccurrence of the meduSanionemusn

relation to the distribution of oyster&dvances in Marine Biologi4:251-284.

17



365

366

367

368

369

370

371

372

373

374

375

376

377

378

79

80

381

382

383

384

385

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R. BO®NA primers for amplification of
mitochondrial cytochrome c¢ oxidase subunit | froivedse metazoan invertebrates.

Molecular marine biology and biotechnologg5):294-299.

Gaynor JJ, Bologna PA, Restaino D, Barry CL. 2FFi6t occurrence of the invasive hydrozoan
Gonionemus vertens. Agassiz, 1862 (Cnidaria: Hydrozoa) in New Jer&é§yA.

Bioinvasion Record§(4):233-237.

Govindarajan AF, Carman MR. 2016. Possible cryiptimsion of the Western Pacific toxic - {

Commented [R25]: Check publish year in the text. Not
2017 but 2016.

population of the hydromedu&onionemus verter(€nidaria: Hydrozoa) in the

Northwestern Atlantic OceaBiological Invasionsl8(2):463—469.

Govindarajan AF, Carman MR, Khaidarov MR, Semenkbeh, Wares JP. 2012. Mitochondrial
diversity inGonionemugTrachylina: Hydrozoa) and its implications for emstanding the

origins of clinging jellyfish in the Northwest Atléin OceanPeerJ2017 5:e3205.

Gulliksen B. 1971. A new record Gonionemus vertensgassiz (Limnomedusae) in Norway.

Det Konlige Norske Videnskabers Selskatl—4.

Kakinuma Y. 1971. Life cycle of a hydrozoan, Gorgorma oshoro Uchidahe bulletin of the

Marine Biological Station of Asamushi, Tohoku Unsigr14:91-97.

Kramp P. The Hydromedusae of the Atlantic Oceanaalj@cent water®ana Report46,

pp.1-289.

Larkin MA, Blackshields G, Brown NP, Chenna R, Mct@gtn PA, McWilliam H, Valentin F,
Wallace IM, Wilm A, Lopez R, Thompson JD, Gibson TJgd#ins DG. 2007. Clustal W

and Clustal X version 2.®ioinformatics23:2947-2948.

18



386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

Leentvaar P. 1961. Two interesting invertebrdteanadia lenticularis I.) (Crustacea
Phyllopoda) andonionemus verters. Agassiz (Limnomedusae), found in the Netherlands

Zoologische Mededelinge8v:225-230.

Lonnberg E. 1930. Nagra notiser frn Kristinebergsl@giska station sommaren 198&una

och Flora25:165-174.

Madin LP. 1988. Feeding behavior of tentaculateaters: in situ observations and a conceptual

model.Bulletin of Marine Sciencé3(3):413-429.

Marchessaux G, Gadreaud J, Martin-Garin B, ThiérpArgaud M, Belloni B, Thibault D.
2017. First report of the invasive jellyfi€bonionemus vertens. Agassiz, 1862 in the Berre

Lagoon, southeast Fran@&iolnvasions Record8(4):339-344.

Mills CE. 1983. Vertical migration and diel actiyipatterns of hydromedusae: studies in a large

tank.Journal of plankton research(5):619-635.

Naumov DV. 1960. Hydroids and hydromedusae of tB&R. Keys to the Fauna of the USSR,
Zoological Institute of the Academy of Scienceshaf USSR, 70. Translated from Russian

by the Israel Program for Scientific Translations.

Otsuru M, Sekikawa H, Hiroh Y, Suzuki T, Sato Y, Skirk, Nagashima Y. 1974. Observations
on the sting occurring among swimmers in the rogashoreThe Japan Society of Medical

Entomology and Zoologg4(3):225-235 (English summary).

Perkins HF. 1902. The developmeniGxnionema murbachiProceedings of the academy of

Natural Sciences of Philadelphia. 1:750-90.

19



406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

Pigulevsky SV, Michaleff PV. 1969. Poisoning by thedusasonionemus verternis the sea of

JapanToxicon7(2):145-149.

Purcell JE, Mills CE. 1988. The correlation betweematocyst types and diets in pelagic
hydrozoa. In: Hessinger DA and Lenhoff HM (eds). Theddgy of nematocysts. Academic

Press, Elsevier. pp. 463-485.

Rodriguez CS, Pujol MG, Mianzan HW, Genzano GN. 2614t record of the invasive stinging
medusasonionemus vertera the southern hemisphere (Mar del Plata, Argajtiratin

American Journal of Aquatic ReseardB(3):653-657.

Rottini L.1979.Gonionemus murbaciilayer (Hydrozoa, Limnomedusae) nella Laguna di

Grado (Golfo di TriesteBollettino della Societa Adriatica di Scienze (Bt&)63:39-43.

Schneider CA, Rasband WS, Eliceiri KW. 2012. NIH Imag ImageJ: 25 years of image

analysisNature Method®:671-675.

SMHI 2018. Online marine monitoring data.

https://www.smhi.se/klimatdata/oceanografi/havsmaidita/marina-miljoovervakningsdata

(Accessed on 2018-10-01)

SVT. 2018. Swedish Broadcasting Corporation. New3uby 31, 2018.

https://www.svt.se/nyheter/lokalt/vast/ny-brannmtafioeokar-sig-pa-vastkusten

Swofford DL. 2003. PAUP*. Phylogenetic Analysis Usirgrgtmony (*and Other Methods).

Version 4. Sinauer Associates, Sunderland, Massattsu

Tambs-Lyche H. 196450nionemus verteris agassiz (limnomedusae) — A zoogeographical

puzzle.Sarsial5(1):1-8.

20



427

428

429

430

431

432

433

434

435

436

437

438

439

440

Uchida T. 1976. A new sporozoan-like reproductiothie hydromedus&onionemus vertens

Proceedings of the Japan Acade&#(7):387-388.

van Duren JA, Knook HL. 1979. Ein “nieuwe” stekerkeal in NederlandGonionemus vertens

L. Agassiz.Nederlands Tijdschrift voor Geneeskuri8(50):2151-21.

Wolff WJ. 2005. Non-indigenous marine and estuasipecies in The Netherland&ol Meded

Leiden79:1-116.

Yakovlev YM, Vaskovsky VE. 1993. The toxic krestovhedusasonionemus vertenRussian

Journal of Marine Biology9(5-6):287-294.

Zheng L, He J, Lin Y, Cao W, Zhang W. 2014. 16S rRislA better choice than COI for DNA

barcoding hydrozoans in the coastal waters of Ciinta Oceanologica Sinica3(4):55-76.

Ostman, C. 2000. A guideline to nematocyst nomémetzand classification, and some notes on

the systematic value of nematocySsientia Marina64(S1):31-46.

21



441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

Figure legends

Figure 1. Map of the study area indicating new records ofGonionemus sp.

Red dots are records associated with stings. Hislaecords ofsonionemusp., which are not

associated with stings, indicated by blue dots. Albes up shows the area on the Swedish coast

where stingingsonionemusvere found during 2018. Near the location where thiege found
are two international harbors, shown as blackdititangles. The sea surface temperature

monitoring station in Astol is indicated by a star.

Figure 2. Size distribution of Gonionemus on August 2 and August 18.
Size increase by 1.2 mm overt the 16 days, correlpg to a growth rate of 0.08 mm'd-

(p<0.05). Each histogram contains the bell diansetéf20 individuals.

Figure 3. Macromorphology of medusae and tentacles.

ring-canal, bell-rim flaps, statocysts, manubridemtacles with nematocyst batteries and

adhesive pads, tentacle base tentacle with tentadatand yellow streak, and velum.

Figure 4. Micromorphology of tentacles and nematocsts.

(A-C) Tentacle parts with nematocyst batteries aittbaive pads. Note dark pigmented mid-line

in tentacles, yellow-reddish pigments in batteded around adhesive pad. (Inset B) LM.
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Euryteles, note shaft and tubule. (D-K) LMs. Tentawenatocysts. Undischarged and
discharged microbasic euryteles and small micrebdasnastigophores. Note shaft, tubule, lid
and apical capsule opening (*). (Bjcrobasiceurytele with broad, rod-shaped shaft, pointed
apically and microbasic b-mastigophore with slightnt, narrow shaft, following the convex
capsule side. (F,Ylicrobasic b-mastigophores. Note shaft and tubuteepa (H-J, inset)
Discharged microbasieuryteles. Note broad shaft with spined distal swglliounded lid,
difference in diameter of shaft and distal tub(¢Note spine pattern on distal tubule. (I,K)
Microbasic b-mastigophores. Narrow shaft with unclgane-pattern. Abbreviations: marks
apical capsule openingp, adhesive pad, b-mastmicrobasic b-mastigophordt, distal

tubule eu,euryteley, lid; nb, nematocyst battergh shaft;sp, spinestu, tubule.

Figure 5. Temperature data from Astol, adjacent to the locatios whereGonionemus sp.
was found in 2018.
The black line shows the monthly mean temperatwsadard deviations (shaded area) from

2000 - 2018. The red line with open circles showesntionthly mean temperature during 2018.

Figure 6. Neighbor-joining tree of COI haplotypes lased on Kimura 2-parameter

distances.Haplotype numbering for haplotypes 1 - 7 corresgandhose in Govindarajan et al.

(Table 1).
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