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SAMMANFATTNING (SVENSKA)

Under 2023 observerades i delar av Sverige ett utbrett bladfall eller d6d hos Nymphoides
peltata (sjogull), en invasiv art som ar skadlig for ekosystem i sétvatten. Initiala undersékningar
tydde pa att infektion av svamp eller svampliknande organismer var en mgjlig anledning, men
vid den tidpunkten kunde lanken inte faststallas pa grund av brist pa évergripande kunskap om
de olika patogener som angriper N. peltata i Sverige, liksom information om vaxternas tillstand
eller férandringar i deras ftillstand fore den férmodade vaxtddden. Foreliggande projekt
utformades for att fylla dessa kunskapsluckor genom: i) insamling av observationer fran 2023
for att uppratta en tidslinje for handelserna; ii) samordning av observationer och prover for
2024; iii) genomgang av kunskap om patogener som angriper N. peltata; iv) kartlaggning av
svampar i Sverige som lankats till N. peltata. Arbetet genomférdes med en kombination av
engagemang fran allmanheten, samarbete med myndigheter och intressegrupper samt
vetenskaplig forskning vid Sveriges Lantbruksuniversitet. Vi har sett att liknande vaxtdéd eller
bladfall tidigare rapporterats fran Asien men inte observerats i Vasteuropa. Rapportering fran
allmanheten och myndigheter tyder pa att patogen som angriper N. peltata ar vitt utbredda i
Sverige, och att majoriteten rapporter innehaller observationer av skador pa angripna vaxter.
Det ar emellertid fortsatt oklart huruvida vaxterna dor, reagerar pa en infektion med att tappa
bladen, och/eller férsvagas av en infektion. Genom att identifiera svampar och svampliknande
organismer (t.ex. protister) fran infekterade vaxtprover kunde femton potentiella patogener
identifieras. Att notera ar att Sepforia villarsiae, en patogen som lankats till allvarlig forstérelse
av N. peltata i andra lander (t.ex. Sydkorea), for forsta gangen dokumenterades i Sverige. Ett
orsakssammanhang mellan infektion, bladfall, férsamrad kondition hos vaxten eller vaxtdéd
har annu inte rapporterats i den vetenskapliga litteraturen och kraver vytterligare
undersdkningar innan man kan forsta infektionens inverkan. Det &r annu okant om den variant
av S. villarsiae som aterfinns i Sverige ar sarskilt virulent, eller om alla N. peltata-kloner i
regionen ar mottagliga for den. Emellertid tyder exempelvis observationer under 2024 i
Malaren pa att vissa N. peltata-kloner kan vara mindre paverkade. Detta vacker oro betraffande
potentialen for vidare spridning av en resistent vaxtgenotyp. Dessutom finns det fortfarande
signifikanta oklarheter i var kunskap om Septoria-svampar, inklusive huruvida de kan infektera
arter som ar av betydelse i svenska sotvattens- eller terrestra ekosystem. Dessa fragor, bland
andra, behdver utredas for att inforlivas i system for effektiv kontroll av denna invasiva vaxt
innan nagon svamp kan overvagas som en potentiell biologiskt kontrollagent for N. peltata i
Sverige. | alla handelser kan narvaron av naturligt férekommande patogener som kan férsamra
vaxtens tillstand synergistiskt tjana till att gynna utrotningsinsatserna.



SUMMARY (ENGLISH)

In 2023, the large-scale leaf drop or death of Nymphoides peltata (sjogull, fringed water lily),
an invasive species detrimental to freshwater ecosystems, was observed in parts of Sweden.
While initial investigations suggested fungal or fungus-like infections as a possible cause, the
link could not be made at that time due to a lack of comprehensive knowledge regarding the
diversity of N. peltata pathogens in Sweden and information about the status or changes in
status of the plants before the putative plant deaths. This project was designed to fill these
knowledge gaps through the: i) collection of observations from 2023 to produce a timeline of
events; ii) coordination of observations and samples for 2024; iii) review of knowledge on
pathogens of N. peltata; iv) survey of N. peltata-associated fungi in Sweden. The work was
undertaken through a combination of public engagement, collaboration with public authorities
and interest groups, and scientific investigation at the Swedish University of Agricultural
Sciences. We find that similar plant death or leaf drop events have been previously reported
from Asia but not observed in western Europe. Reports submitted by the public and public
authorities suggest the presence of N. peltata pathogens are widespread in Sweden, with
lesions observed on affected plants in most reports. However, it remains unclear whether the
plants are being killed, dropping their leaves in response to infection, and/or weakened by
infection. Through the identification of fungi and fungus like-organisms (e.g., protists) from
infected plant samples, fifteen potential plant pathogens were identified. Notably, Septoria
villarsiae, a pathogen linked to severe N. peltata devastation elsewhere (e.g., South Korea),
was documented for the first time in Sweden. Causation between infection, leaf loss, reduced
plant condition, or plant death for any pathogen of N. peltata has not yet been reported in the
scientific literature and requires additional investigation before the impacts of infection can be
understood. It remains unknown if the S. villarsiae strain present in Sweden is particularly
virulent, or if all clones of N. peltata in the region are susceptible to it. However, observations
from 2024 in Lake Malaren, for example, suggest that some N. peltata clones may be less
affected. This raises concerns about the potential for a resistant plant genotype to spread more
widely. Further, important uncertainties in our knowledge of Septoria fungi exist, including
whether they can infect species important in Swedish freshwater or terrestrial ecosystems.
These question, among others, must addressed to inform effective control of this invasive plant
and before any fungus can be considered as a potential biocontrol agent for N. peltata in
Sweden. Regardless, the presence of naturally occurring pathogens that may diminish the
condition of the plant can synergistically benefit efforts towards eradication.



1. BACKGROUND

Nymphoides peltata (Sjogull, Fringed Water Lily, Yellow Floating Heart), is an aggressive
invasive plant that negatively impacts freshwater ecosystems and organisms. Actions to
control its spread also impede outdoor activities (e.g. boating and fishing). This plant is found
in streams and lakes across mid and southern Sweden. Costly, labor-intensive efforts to control
N. peltata are ongoing, primarily using large floating frames with light-blocking materials. This
is a slow and expensive process, and recolonization of previously treated areas remains
possible.

In summer to early autumn 2023, observers of N. peltata in Lake Malaren reported unexpected
mass “deaths” of these plants, at the scale of “flera fotballsplaner” (several football fields)'.
Because this phenomenon was newly observed in 2023, no framework existed to
systematically collect the observations needed to understand its progression, timing, and other
key aspects—such as whether the plants were dying entirely, including their rhizomes, or only
experiencing leaf detachment (leaf drop). Also, there was no systematically collected
information about changes to impacted water bodies that could provide explanations for the
deaths.

One possible explanation for this phenomenon is that the N. peltata were killed by a fungal or
fungus-like pathogen (e.g. Oomycetes, which are protists rather than fungi). To preliminarily
assess the potential for the deaths being pathogen-related, leaves were collected (Joel
Segersten and Stina Drakare, SLU) and brought to SLU. Lesions on the blades were visually
inspected and were found to be similar to examples from the literature for known pathogens of
N. peltata? (Figure 2); motivating further work.

The existence of a naturally occurring fungal pathogen for N. peltata in Sweden
could synergistically increase the effectiveness of ongoing work to kill and remove
the plant. However, appropriate and careful pre-study must be done before any
pathogen could be intentionally employed as a biocontrol agent without risk to
Sweden'’s flora or crops.

NEEDS:

The following needs were identified in cooperation with stakeholders representing public
agencies and local associations, including Havs- och Vattenmyndigheten (HAV; Swedish
Agency for Marine and Water Management), Malarens Vattenvardsforbund (Lake Malaren
Water Conservation Association), and the Sjogull Natverk (Water lily network, including city,
county, and regional governments).

e Collection of observations from 2023.

e Coordinated observations for the 2024 season

o Review of state of knowledge of N. peltata fungal infections
e Survey of N. peltata-associated fungi in Sweden

SCOPE OF PROJECT:
To address the identified needs, a project was proposed and subsequently funded via HAV
with the following scope:

1. Inform on N. peltata fungal infections.

2. Recreate timeline of events 2023.

3. Coordinate sampling and observations from the field.

4. lIsolate and identify N. peltata-associated fungi and fungus-like organisms.



2. OVERVIEW OF KNOWN N. PELTATA PATHOGENS

Three fungal pathogens have been reported from N. peltata, Septoria villarsiae (Figure 1),
Puccinia scirpi, and Uromyces nymphoidis (Table 1). Prior to this study, only P. scirpi had been
reported from Sweden, although all three species had previously been reported from Europe.

According to the USDA Fungal Databases?®, P. scirpi is a generalist pathogen, capable of
causing disease in diverse plants (Table 1). Septoria villarsiae and U. nymphoidis reportedly
infect and cause disease only on N. peltata (host-specific pathogens or specialists). However,
the practice of naming species within Septoria has relied on an “assumption” that these fungi
are host-specific. This means that the same fungus on two different hosts could have two
different names*. Thus, based only on the lack of reports of this fungus on other hosts, these
authors cannot confidently determine that S. villarsiae only causes disease in N. peltata (see
also Biology of Setporia).

Of these pathogens, only S. villarisiae has
been implicated in infections causing plant
death. In South Korea, leaf spots caused
by this fungus had been observed to form
even before the leaves surfaced under
some conditions, “devastating whole host
populations™. In response to questions
sent via email, Dr. H.D. Shin, Professor
Emeritus, Division of Environmental
Science and Ecological Engineering,
Korea University:

“In Korea, this plant is one of the
popular pond plants, but frequently
devastated by Septoria infection.”
Personal communication to J.
Anderson 15 January 2024.

Nathan Harms, Senior Research Biologist,
Aquatic Ecology and Invasive Species
Branch, US Army Engineer Research and
Development Center, USA answered:

“‘Regarding pathogens- we've
identified a few from N. peltata,

including Septoria villarsiae (in the g "4 A B Close up images of S. villarsiae
USA and South Korea), and a rust, infgection on I\) peltata Irc)aaf b)g/l Klok and van der
Puccinia scirpi (South Korea). I believe velde 2023. The black dots are a type of
S. villarsiae could cause die-offs, reproductive structure/fruiting body (pycnidia)
because | have seen dead and dying where conidia (asexually produced spores) are
plants here in the US, but never produced. DOI: 10.7717/peerj.16689/fig-6 CC BY
something so dramatic as what you 4-0. C) Possible Puccinia scirpi infection on N.

describe.” Personal communication to Pé/fata. Photo by J. Anderson.
J. Anderson 11 January 2025.

T s

Septoria villarisiae is a verified causal agent of leaf spots/lesions on N. peltata® (Figure 1)
according to work that that fulfills Koch’s postulates for establishing the causal link between a
microorganism and disease (the gold standard in pathogen testing). However, we find no
published experimental evidence that S. villarsiae infection causes plant death. Rather, the
ability to kill the plants is anecdotal or assumed. Further, although S. villarsiae has been found



in other parts of western Europe and the United States (invasive ranges of N. peltata),
scientists studying N. peltata predators and pathogens in those areas report that they are not
aware of any large-scale phenomena similar to events in Sweden 2023 (e.g. personal
communication to J. Anderson from Sonja Stutz, Weed Biological Control, Centre for
Agriculture and Bioscience International (CABI) Switzerland 15 January 2024; personal
communication to J. Anderson from N. Harms 11 January 2025). Thus, the ability of S.
villarisiae to directly kill its hosts is not confirmed

2.1 Biology of Septoria:

There is very little information available on S. villarsiae in existing literature. Therefore, we can
only generalize from other species within the same genus to build a foundational understanding
of this fungus.

o The genus: The genus Septoria currently includes more than 500 species.

e Taxonomic problems:

o The genus is polyphyletic, meaning that it likely contains species that are not
actually close relatives to “true” Septoria fungi. Rather, these organisms may
share morphological features/ecologies but are in fact from different fungal
genera or families**.

o The genus includes cases where a fungus has been given more than one name
based on the different hosts it was found on. Likewise, a Septoria-like fungus
on N. peltata would be reported as S. villarsiae, even if it was a different fungus
with spores that do not conform with the species description (e.g. De Souza et
al 20217). Thus, more robust host information is needed before action towards
biocontrol could begin.

o Reproduction: Sepforia refers to the asexual states of the fungi, where spores
(conidia) are produced by mitotic cell divisions within a black, ball-like, structures
(pycnidium). No sexual state for S. villarsiae has been reported, so we do not have
more details about its full life cycle. When reproducing sexually (forming spores through
meiosis), the fungi will make pseudothecia with sack-like structures called asci.

o Dispersal: The asexually produced spores may be spread to new plants through the
air or via splashes of water from rain etc. The sexual spores would look different from
the asexually produced spores and may disperse differently.

e Overwintering: These fungi may overwinter as mycelium within plant litter or as
spores.

¢ Impacts on hosts: Sepforia fungi vary widely in impacts on their host plants. They may
cause mild leaf spotting, weaken plants through leaf damage that reduces plant
production or causes leaf drop, and potentially cause plant death.

o Host specificity: Some Septoria species are known to infect multiple host plant
species*® and host jumping to new plant families (evolving to infect new hosts) is part
of the evolutionary history of these fungi*. However, according to Verkley et al. in 2013,
their work indicated “that most species of Septoria have narrow host ranges, being
limited to a single genus or a few genera of the same plant family.”
o Nymphoides peltata is in the family Menyanthaceae.
o Menyanthes trifoliata (Vattenklover), Menyanthaceae, is also found in
Sweden and may be important for diverse butterflies and moths®



Table 1: Known fungal pathogens of N. peltata as per USDA fungal databases?

Species

Reported from:

Europe

Sweden

Other reported host plants

Puccinia
scirpi

Bulgaria
Lithuania
Norway
Poland
United
Kingdom

7 reports (6 specify N.
peltata host).

Bolboschoenus maritimus
Ficinia levysiae

Ficinia sp.

Ficinia trichodes
Holoschoenus vulgaris
Limnanthemum grayanum
Nymphoides forbesii
Nymphoides grayana
Nymphoides indica subsp.
occidentalis

Nymphoides sp. Schoenoplectus
lacustris

Schoenoplectus litoralis
Schoenoplectus tabernaemontani
Schoenoplectus validus
Scirpus articulatus
Scirpus hotarui

Scirpus lacustris

Scirpus litoralis

Scirpus maritimus

Scirpus mucronatus
Scirpus sp.

Scirpus sylvaticus

Scirpus tabernaemontani
Scirpus triqueter

Scirpus tuberosus
Scirpus validus

Septoria
villarsiae

Netherlands
Poland
Romania

No reports in Artportalen

None reported

Uromyces
nymphoidis

Romania

No reports in Artportalen

None reported

Reports from Sweden are based on observations in Artportalen®. USDA Fungal

Databases® and Artportalen accessed on 16 June 2025. Note: there are synonymous
names for Nymphoides peltata that may be reported in the USDA database, including
Limnanthemum peltatum.




3. RECONSTRUCTED TIMELINE OF 2023

Through discussions and communications with stakeholders (see Needs above), observations
from the field in 2023 were collected and are summarized in Figure 2. It appears that the plants’
first leaves emerged as normal in May. However, already by 21 June, unhealthy plants with
browning or spotted leaves were observed in the Arboga River, and this was considered
atypical based on previous observations. These symptoms were observed before the start of
what was reported as a “rainy” July, which could have impacted water levels. By 15 July, large
numbers of detached leaves or dead plants were seen to be drifting out into open water,
beyond the depth where the plants normally grow. At Skillingeudd, photos taken by drone show
initial patches of N. peltata on 21 June (which emerge before other aquatic plants), that were
notably absent by 17 August (surrounding aquatic plants of other species were unaffected). By
the end of summer, N. peltata leaves were not abundant or were absent from the Arboga River
(one source of N. peltata in Lake Malaren). Note, however, that N. peltata was observed in
that river again in 2024, suggesting that at least some plants survived the 2023 season.

2023
May Leaves emerge
i 5
C ©
(0 3
21 June .82 o
(@) [
23 =
< 7
"Rainy"July
Unhealthy plants and
15 <y drifting dead leaves reported
17 August [f----ooo
Late Sjogull appeared to be Eredti [Giichs
summer gone from Arbogaan

N Late “Plants naturally die
autumn back around 1st freeze

Figure 2. Summary of observations from 2023 (green and blue) within the context
of the plant's annual cycle (orange). Photos illustrate the events. Black circle
indicates a drifting patch of detached leaves, Connected orange circles indicate
the same location in different photos. Note that observers thought there were no
hydrological changes that would have impacted all sites where the plant
phenomenon was observed.

1



4. METHODS

4.1 Coordinated sampling and observations 2024

Observations:

To collect standardized reports on the state of N. peltata across the 2024 growing season, the
Koll pa Sjégul (Watch on Fringed Water Lily) online survey was developed to be used by
representatives of public authorities, members of the public, and other interested parties
(Appendix 1). The survey was made available in Swedish, English, and German, as per
stakeholder requests to support inclusive participation by tourists at some sites and was
implemented through the European Union KoboToolbox Server
(https://www.kobotoolbox.org/).

The reporting survey was designed to enable collection of information on the health status of
the plants, signs of infection, and locations of populations and infected plants across the 2024
growing season with the goal of producing a comprehensive time-line of events for 2024. It
was also designed to support the selection of samples for sending to SLU for further work.

To engage survey participants social media, a video, and a web page were developed by SLU
Communicator Ulrika Jansson Klintberg. and additional communications were coordinated by
C. Tennfors, Lansstyrelsen Vastmanlands lan.

Sampling:

Based on evidence of infection in photos submitted to the survey, representatives of public
authorities were then directly contacted and asked to submit samples for the isolation and
identification of fungi and fungus-like organisms. Sampling was performed according to a
protocol co-developed by Anderson, Tennfors, and participating stakeholders. Briefly, it was
requested that three individual plants/samples were collected per site, with care not to create
fragments that could increase the spread of the plant. Each plant was to be individually placed
into a sealable plastic bag labeled with the date and place of collection and kept cool, but not
frozen, before prompt shipment to SLU (with packaging keep the sample cool in transit).
Metadata about the collection site (coordinates, photos, status of the plants and populations,
date, time, reporter name, agency, and contact information; Appendix 1) were collected
through the survey. It is noted, however, that some samples were sent directly, bypassing the
observation reporting process. As such, the survey did not produce a complete and
standardized observational record.

4.2 Isolation of fungi and fungus-like organisms

The goal of the isolation and identification process was to identify potential fungi and fungus-
like pathogens associated with N. peltata. This “survey” approach was necessary because
there is insufficient information available on the pathogens of this plant, including their virulence
and distributions, to proceed directly to a “diagnostic” approach.

To isolate fungi from N. peltata leaf blades, petioles, rhizomes, and root samples, the samples
were rinsed in deionized water to remove surface debris and areas of interest around lesions
or discoloration were dissected and retained (subsamples) for further processing. For samples
in good condition (little or limited decomposition), the subsamples were processed using a two-
step surface sterilization approach to kill microbes that were on, but not growing within, the
plant tissue (30 seconds in 70% ethanol, then 60 seconds in 0.5% bleach, finishing with two
washes in sterile deionized water). The subsamples were then cut into smaller pieces and
placed in Petri dishes on %4 Potato Dextrose Agar (PDA; with added agar to give 1.5% agar)



with 500 mg/L each of Streptomycin Sulfate
and Penicillin G to reduce bacterial growth
(Figure 3). This work was carried out using
sterile techniques to decrease chances for
contamination by non-relevant
microorganisms.

In the case that the material was in poor
condition, but was still somewhat intact, the
subsamples were instead washed three times
in sterile deionized water before placement on
the PDA. Note, however, that this process can
allow growth of fungi that were on the surface
of the plant material (either coincidently or in
interaction with the plant). Also, these
subsamples may host decomposer fungi rather
than pathogens. Materials that arrived in highly
decomposed states or after freezing could not
be processed.

Growth of microbes from the subsamples was
monitored for a minimum of one month. When
growth was observed, it was isolated to a fresh
Petri dish with the goal of growing each
organism alone, separate from other species
(pure culture). This process was repeated up to
six times to try to achieve pure cultures of the
different organisms. However, in some cases this was not possible, preventing further
characterization of the fungi or fungus-like organisms from the subsample using approaches
within the scope of this project. In a small number of cases, the isolates died in culture before
growth for sequencing was possible. This is expected given that the lab conditions may be
suitable for most fungi, but some may have special requirements for growth.

Figure 3. Example of pieces of petiole on 1/4 PDA with
fungal growth visible from the piece on the middle-
right. Photo by Aprajita Singh.

4.3 ldentification of fungi and fungus-like organisms

The isolation process (above) can produce multiple pure cultures of the same fungus from
within a plant and from multiple plants. To reduce redundancy in the next steps, efforts were
made to select representatives from groups of highly similar looking cultures. It must be noted,
therefore, that the results are not quantitative indicators of how abundant an organism was
or its true distribution among the locations sampled.

The selected fungi and fungus-like organisms that were successfully isolated into pure culture
were grown in a malt extract peptone broth (17 g/L malt extract, 2.5 g/L peptone) to produce
tissue suitable for DNA extraction. DNA was extracted using a commercially available kit
(Qiagen PowerSoil Pro). The region of the fungal DNA that is the current standard for fungal
barcoding is ITS (Internal transcribed Spacer region of the ribosomal DNA operon, Appendix
2). DNA sequence of this part of fungal genomes was sent to Eurofins Scientific for sequencing
(Appendix 2). The sequences were then compared to a database (US National Database for
Biotechnology Information - NCBI'") using Megablast to identify organisms by match to the
most similar DNA sequences in the database (Appendix 2). In some cases, this led to species
level identifications. For isolates where this was not possible, the lowest level of taxonomy
(most specific) shared among the top 10 BLAST hits is reported. Ecological predictions for the
identified taxa were made based on review of the ecologies of top 10 BLAST hits per isolate
within each identified taxon or group and require testing for verification.
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5. RESULTS

5.1 Koll pa Sjégull

5.1.1 Outreach and communications

Between April and October 2024, observations from nature were submitted by members of the
public and representatives of public authorities or interest groups via digital reporting to a
survey called “Koll pa Sjogull” (Appendix 1).

Information about the project and survey was shared directly with the Sjogull Network
(authorities and groups working to eradicate the plant) and with the public through diverse
mechanisms including posters (C. Tennfors), social media and a web page (supported by SLU
Communicator Ulrika Jansson Klintberg), presentations by Anderson and additional outreach
was performed by County Boards (Lansstyrelserna).

Examples of outreach materials produced (Appendix 3):

YouTube: https://www.youtube.com/shorts/vIPA20SVbhw

Social media: https://www.linkedin.com/posts/slu_sjaemgull-
medborgarforskning-invasivaarter-activity-
7196037843872366593-18W1

Website: https://old.slu.se/institutioner/vatten-
miljo/forskning/forskningsprojekt/alla-
forskningsprojekt/bio/fume/sjogull/

5.1.2 Survey observations

The observation and sampling campaign generated 26 reports, 15 from authorities and 11 from
the public. Most reporters correctly identified N. pelfata, with only 5 reports featuring
misidentified plants. Of the misidentified plants, four were water lilies (nackrosor), possibly
including Nymphaea alba and Nuphar lutea. These reports highlight the difficulty for the public
to distinguish N. peltata from other water plants, which can be managed proactively in future
“citizen science” efforts.

.\ (v A

Figure 4. Waterlilies (nackrosor) are common in Swedish waterbodies, including Nymphaea alba and
Nuphar lutea. The blades of these leaves show different damage (apparently from insects) than is
seen on N. peltata, as also visible in figure C. A) Lillsjon, N6601593.93, E657864.227, 19 June 2024.
B) Spanen, N6307482.009, E475363.654, 24 August 2024. C) Torshalladn N6588522.534,
E583543.729, 21 July 2024. Images submitted to Koll pa Sjogull survey. Coordinates = Sweref 99
™
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https://old.slu.se/institutioner/vatten-miljo/forskning/forskningsprojekt/alla-forskningsprojekt/bio/fume/sjogull/

Natural enemies — herbivory: The water lily reports are useful for comparison of damage
patterns with N. peltata. The insects that feed on the water lilies do not appear to also feed on
N. peltata, or not to the same extent (Figure 4). There was little evidence of insect
damage/herbivory to N. peltata in the photos submitted. This differs from reports from the
native plant range and the United States (invaded range)'?, suggesting a potential enemy-
release for the plant in Sweden, which could support invasion.

Defoliated or weakened vs “die-off’: Nymphoides peltata was observed in 2024 in locations
that were impacted by putative “mass die-offs” in 2023, including the Arboga River and several
locations in Lake Malaren. This supports the occurrence of leaf drop or die-back in 2023 rather
than a “die-off’. However, the density of the colonies was possibly reduced in early summer
2024.

Unfortunately, the level of participation achieved in the Survey was not sufficient to build a
good overview of plant and colony status across the season. As such, critical questions remain,
such as: i) whether plants are being killed by infection or rather are weakened due to leaf spots
and leaf drop; ii) if some plants or colonies are resistant to infection and may replace the
susceptible plants.

A sample of photos submitted to the survey are presented here (Figures 5-7) by waterbody,
when known. Followed by a summary map (Figure 8) and figures illustrating the types of
lesions reported (Figures 9 and 10).

Varingen 2024

30 August

Lindesbergs
kommun

Orebro lan

Figure 5. Images illustrating the condition of N. peltata on 30 August, 2024 at one site in
Varingen, near Frovi. The leaves are exhibiting diverse states of yellowing or senescence. The
enlarged portions of the photo show S. villarsiae-like lesions. N6591530.143 E520577.746.
Coordinates = Sweref 99 TM.
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Lake Malaren 2024
A

14 June
Vasteras kommun

Vastmanlands lan

2 July
Kungsér kommun

Vastmanlands lan

16 September
Ekerd6 kommun

Stockholms lan

Figure 6. Images illustrating the condition of N. peltata June, July, and September 2024 at three sites
in Lake Malaren. A-D) These leaves do not show S. villarsiae-like lesions, however, the leaves do not
appear to be healthy, even at the June observation. E&F) This observation (Tureholm) is both later in
the season and to the east of the others. Abundant S. villarsiae-like lesions are visible. A,B)

N6594612.907 E580954.994. C,D) N6588507.638 E562227.471. E,F) N6578057.888 E654917.111.
Coordinates = Sweref 99 TM.
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Somm

[ ——

S
A

26 June
Boxholms kommun

Ostergétlands 1an

26 June
Boxholms kommun

Ostergoétlands lan

9 August
Tranas kommun

Jonkopings lan

—— =

Figure 7. Images illustrating the condition of N. peltata on 26 June and 4 September, 2024 at three

sites in Sommen, near Tranas. The leaves at the three sites are exhibiting diverse states of

senescence. Some potential insect damage is visible, but less than the other waterlilies (figure 4).

B&F) The leaf blades have S. villarsiae-like lesions. F) The petioles are brownest at the blade, and

increasingly green towards the rhizome. The rhizome and roots appear intact. A,B) N6437290.026

55017f28.767. C,D) N6437141.871 E501797.548. E,F) N6432583.944 E501988.276. Coordinates =
weref 99 TM.
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A review of all submitted photos was undertaken to qualitatively assign a status to the pictured
plants as having “Possible infection” by a fungal agent or “No evidence of infection”, depending
on the visibility of lesions on the blades. When the report did not include photos or the photos
did give a clear view of the status, they were classified as “Undetermined”. The photos
indicating evidence for infection are collected in Figures 9 and 10. In almost all cases, the
lesions appear Septoria-like, with the possible exclusion of the image labeled “Vastmanland”,
which is difficult to determine given the quality of the photo.

60°N
’ Stockholm
.
59°N
o
o ‘@
2 58°N
®
-
57°N
@
Status
Possible infection
@ No evidence of infection
@ Undetermined
56°N
12°E 13°E 14°E 15°E 16°E 17°E 18°E 19°E

Longitude

Figure 8. Summary of observations from photos submitted during 2024. Gold circles indicate that
signs of probable infection were evident in the photos. Black circles indicate that the photos did not
show infection-like lesions. Green circles indicate cases were samples were submitted without
photos or where the status could not be determined from the photos. Note that some reports did not
include coordinates but were identifiable to, and are plotted here in, Jonkdping and Vaxjé. Map made
using https://github.com/borstell/swemapdatal/.



Figure 9. Collection of photos reported from Jonkdpings lan that show evidence o pgséible infection'by fu Qi
or fungus-like organisms. Most lesions appear Septoria-like. It is noted that the rhizomes and roots (when

visible) appear healthy.
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Reports from 2024

r'*, »

Vastmanlandsilan

Figure 10. Collection of photos from reports from dlfferent areas of central and
southern Sweden that show evidence of possible infection by fungi or fungus-
like organisms. In almost all cases, the lesions appear Septoria-like, with the
possible exclusion of the image labeled “Vastmanland”, which is difficult to
determine given the quality of the photo,
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5.2 Fungi and fungus-like organisms associated with N. peltata in Sweden

All reports to the digital survey from public authorities were followed up with a request to send
the samples for further processing. The subset of samples that were received in suitable
condition were processed for the isolation of fungi and fungus-like organisms. Samples were
considered suitable if they had not been frozen and were not in an advanced state of
decomposition. Problems with shipping and the postal system rendered several shipments

unsuitable.

Sample Processing &eﬂ\ \OQQ
@ Surface Sterilized g\\c,’ E 6\‘5‘@\
] Sterile water rinsed S S ES D
FE 8 5SS
© Both of above . O @if\ Q\Q @%&6@ (&‘5\ %oo\a{f’
ID Phylum PPNV
Alternaria sp. Ascomycota [] @) O
Botrytis sp. Ascomycota []
Epicoccum sp. Ascomycota O
% Fusarium sp. Ascomycota ] O
§’ llyonectria sp. Ascomycota | Q= @
‘g Pseudopithomyces chartarum Ascomycota O
® Sarcocladium sp. (S. Strictum) Ascomycota ]
g Septoria sp. Ascomycota @)
Stemphylium vesicarium Ascomycota O
Pythium sp. Oomycota* Do |© 000
‘é N Penicillium sp. Ascomycota QO
Q. § | Plectosphaerella sp. Ascomycota O
gg Pleosporales Ascomycota ] O
§ ‘g Ceratobasidium sp. Basidiomycota @)
Q Mucor hiemalis Mucoromycota ]
Filosporella sp. Ascomycota @lInl®)
Helotiales Ascomycota @)
. Leptodontidium sp. Ascomycota O
£ | Penicillium corylophilum Ascomycota @)
O | Pezizomycotina Ascomycota o
Tolypocladium sp. Ascomycota L]
Trichoderma sp. Ascomycota L]

Figure 11. Summary of the fungi and fungus-like organisms recovered from N. peltata samples
from 2023 and 2024 organized by their predicted ecology. The origin of the organisms is
indicated to the right with symbols coding for how the samples producing the isolates were
processed. ID indicates the lowest shared taxonomic level among the top 10 BLAST hits
per isolated strain (sequences with high similarity to the strain). The ecological predictions
are based on review of the top 10 BLAST hits per isolate within these groupings and require
testing for verification. Surface sterilization should yield isolates of organisms growing within
the plant tissue, whereas water rinsed samples may also yield organisms on the plant
surface. *Oomycota is a fungus-like group within Chromista, not a fungal phylum.
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The results for the 64 isolates that were successfully isolated to single organisms, sequenced
and identified to the most specific possible taxonomic level are summarized in Figure 11. See
Appendix 4 for expanded details about locations, plant samples, and isolated organisms.

The isolated organisms could be grouped into 22 identifications based on the DNA sequence
results (Figure 11). These are organized by the predicted ecology for the organism, which was
based on an overview of existing literature for each of the top 10 BLAST hits reported. It must
be emphasized that these are subjective categorizations and may differ from the ecology of
the isolated strain upon experimentation, more refined taxonomic identification, or the genetic
variation within a species or taxon.

Ten of the identified species/groups are probable plant pathogens. The probable fungal
pathogens notably include Septoria (more below) in addition to fungi from the genera
Alternaria, Epicoccum, llyonectria, Pseudopithomyces and Stemphylium. A fungus-like protist,
Pythium (Oomycota), which is also a probable pathogen, was also recovered. These
organisms were isolated from samples where surface sterilization was possible, increasing the
likelihood that the fungi were growing within the plants. Three other probable pathogens,
Botrytis, Fusarium, and Sarcocladium, were isolated from surface-sterilized samples, which
can allow for the isolation of fungi that are coincidently on the plant, as well as those growing
within the plant, meaning the nature of their association with N. peltata remains unclear.

Five taxa are here classified as possible plant pathogens, indicating that the evidence of their
pathogenicity was unclear or that there was variation in the predicted ecologies for the top 10
BLAST hits for the species in that group. These fungi include, Penicillium sp., Plectosphaerella
sp., Ceratobasidium sp., Mucor hiemalis, and an isolate identifiable only to the fungal order
Pleosporales. The remaining seven taxa are unlikely to be plant pathogens.

5.2.1 First report of Septoria villarsiae from Sweden

&

- 3L

Figure 12. Septoria villarsiae, isolate F215, originated from a blade of N. peltata collected in
Sommen, Ostergétland, Sweden in July 2024. A) F215 growing on Potato Dextrose Agar
produces a distinctive dark brown-black colony with abundant pycnidia and "dendritic" edge
growth. Photo by J. Anderson. B) Spores (conidia) of F215. Spores are 27.8um to 45.1um
long and 2um to 4.8um wide. Photo by Ziming Wang.

22



A species from the genus Sepftoria was isolated from Sommen from a plant sample that was
surface sterilized. This implies that the fungus was indeed growing within the plant and is
unlikely to be the coincidental growth of a spore from a different host. Examination of the
isolate, F215, under the microscope was then performed. The isolate produces hyaline (clear),
multiseptate (typically 2 to 3), asexual spores (conidia) that measured 27.8uym to 45.1um x
2um to 4.8um. The spores are consistent with the original description of the species from 1864
which specifies that the spores are “1/20 to 1/30 of a millimeter long” (33.33um — 50um) and
multiseptate™. This isolate is thus identified as Septoria villarsiae and constitutes the first
documented report from Sweden to the best knowledge of these authors.

6. KEY FINDINGS AND IMPLICATIONS

In 2023, large numbers of N. peltata seemed to die, leading to reports of “mass die-offs”. Given
that plants were again observed in affected locations in 2024 (e.g. Arboga River), it remains
unclear whether, or to what extent, the plants died, had leaf loss, or may have experienced
reduced fitness due to leaf spots and leaf loss. Thus, the impacts of 2023 and ongoing
infections remains an open question. However, pathogens that diminish the condition of the
plant may synergistically benefit efforts towards plant removal.

o First reported N. peltata leaf drop/die-off events in Europe: From consultation with
experts, we find that leaf drop/die-off events of this type have not been reported from
this region before.

o Evidence of pathogen involvement: Lesions on affected plants and the isolation of
fifteen probable or possible plant pathogens suggest that one or more pathogens may
contribute to diminished condition of N. peltata in Sweden. Notably, plants with signs
of infection were found in most of the waterbodies sampled. Suggesting that the
pathogens may be distributed beyond Lake Malaren and the Arboga River (where
reports from 2023 originated).

o First documented report of Septoria villarsiae in Sweden: Finding S. villarisiae in
Sweden is noteworthy because it is the only pathogen that has been linked to severe
N. peltata devastation in other regions.

e Key knowledge gaps:

o The survey in 2024, did not provide a complete picture of:

» The progression or distribution of infection.
= The impact of infection in 2023 in the following year.

o The direct causal link between S. villarsiae infection and plant death still relies
largely on anecdotal evidence rather than published experimental proof.

o lItis unknown if the S. villarsiae strain present in Sweden is particularly virulent,
or if all clones of N. peltata in the region are susceptible to it. Observations from
2024 in Lake Malaren (Anderson personal observation, Stora Aspholmen)
suggest that some N. peltata clones may be less affected.

o Itis important to experimentally confirm the pathogenicity and virulence of the
isolated fungi, understand the environmental triggers contributing to the
widespread leaf drop/die-offs, and assess the host range of Septoria villarsiae
in Sweden.

o Potential for Biocontrol (with caution): Fungal pathogens offer a tantalizing
possibility for a "synergistic" approach to managing N. peltata. However, any
consideration of using such a fungus as an active biocontrol agent would require
extensive and careful pre-study to assess host specificity and mitigate risks to
Sweden's native flora and fauna. The known taxonomic complexities and potential for
host-jumping within the Septoria genus underscore this critical need for thorough
research before any deployment.
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APPENDICES

APPENDIX 1: Koll pa Sjogull survey in 3 languages

Swedish - Translation by Karl Lundén, SLU.

Koll pa Sjogull

Detta projekt ar ett samarbete mellan Mikrobiell ekologi, Institutionen for vatten och
milj6, SLU, och Havs- och vattenmyndigheten. For mer information om detta projekt
besok https://www.slu.se/sjogull

¥ Om dig

*om dig

nfor hur v behandiar personuppgitter fions neda

Att uppdatera om sjogulls halsa ar INTE en del av mitt jobb. Jag ar en
"medborgarforskare”,

Jag har ett ansvar relaterat till mitt jobb att uppdatera om sjogull.

Har kan du beratta hur sjogull ser ut dar du ar. Det ar redan till hjalp om du svarar en
gang, men det ar ocksa bra for oss att hora om, eller hur, situationen forandras under
sommaren och hosten. Du ar valkommen att svara pa enkaten igen!

Beratta for oss var vixterna dr. PA manga enheter kan du placera en punkt pa
kartan eller klicka pa symbolen nedan. P4 iPhone kan du anvinda Google Chrome
och Firefox, se till att godkanna platstjanster. Om detta inte fungerar, se andra
alternativ nedan.

om ovan inte for dig kan du ange en Plus Code
(t.ex. frin Google Maps) eller beskriva din plats sa tydligt som méjligt.

“Nar ser du viixterna

Q

W Beratta vad du ser

*Titta pa gruppen av sjogull. Tycker du att de verkar

Friska

(® Ssjuka (helt eller delvis)

*Ar tecken pé sjukdom som en av dessa bilder eller ndgot annat?

Bruna/svarta flackar eller falt.

latitud (x.y *) s¢ plats elle Q L=
longitud (x.y *) +
aiutud (m) ‘1

3,

3
noggrannhet (m)

&

o Toam | Torma

Gula flackar som bildar kndlar.

Det ar inte som bilderna, eller sa ar du inte saker.

*Avgdr omfattningen pd angreppet pa ett enskilt blad. Hur mycket av bladet ser
paverkat ("sjukt”) ut enligt dig?
Bara en del av bladet ser paverkat ut
Ungefar halva bladet ser paverkat ut.
Nastan hela bladet ser paverkat ut.

* Avgdr omfattningen av angrepp pa en hel grupp av sjogull. Ar bara ett fatal vixter
paverkade ("sjuka”) eller ar de flesta vixter angripna enligt dig?
Bara nagra vaxter ser paverkade ut.
Ungefar halften av vaxterna ser paverkade ut.
De flesta/alla ser paverkade ut.

¥ Foton

Bilder du tillhandahiller kan inkluderas i rapporteringen av projektets resultat. inkludera
inte ndgon person eller personer i bilderna du skickar in. Eftersom vi inte samlar in

i om er som ar forskare (sdvida du inte anger din e-postadress
ovan) kan vi inte erkanna dig som fotograf.

ndra dig).

Ta ett foto av (grupp

se hur vatpopulationen ser ut.

Q

k here to upload file. (< 10MB|

Ta ett foto pa 1 paverkat "sjukt” blad om du ser nagot.

e hur gjukdoomen ser ut pd ett typiskt blad,

Q

ad file. (< 10MB)
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W Personuppgifter

De uppgifter du registrerar har kommer att av SLU for att a st din
anmalan eller ditt besok. Las mer om behandling av personuppgifter pd
wwwi.slu.se/personuppgifter.
*Ja, jag forstar att mina med att jag
skickar in detta formuldr.

lagras och i

oK

*Ja, jag forstar och accepterar att SLU kommer anvinda insinda uppgifter for
forskning. SLU kan &ven mina till
il utan

oK

Har du frdgor om detta arbete? Du kan kontakta oss pa sjogull@slu.se.
https://www.slu.se/sjogull.

Tack for att du tar dig tid att hjalpa oss forstd vad som hander | sjogull | r. Du far garna

anmala igen! Det ar bra for oss att veta hur vaxterna ser ut under olika tider p&
sommaren och hosten.

Havs
och Vatten

myndigheten

# Spara utkast

o



German - Translation by Theresa Lumpi, SLU.

Koll pa Sjégull

Augen auf fur die paische ymphoides peltata): Dies ist ein
i projekt der Universitat fur Agrarwissenschaften (SLU) und
HaV dem Schwedischen Amt fir Meer und Wasser. https:/Awww.slu.se/sjogull.

W Wer bist du?

*Wer bist du?

Information Gber die Behandlung deiner pevsdnlichen Daten findest du welter unten.

Ich bin ein Citizen Science-Forscher und arbeite nicht beruflich mit der
europdischen Seekanne und deren Krankheiten.

Ich arbeite beruflich mit der europaischen Seekanne und deren Krankheiten.

Hier kannst du beschreiben wie die Seekannen an deinem Standort aussehen. Fir uns
ist es wertvoll wenn du den Momentanzustand beschreibst aber noch besser ist es,
wenn du beschreiben kannst, ob oder wie sich der Zustand Uber den Sommer und
Herbst verandert. Du kannst dieses Formular mehrmals ausfullen!

Beschreiben Sie uns, wo die Pflanzenstandorte sind. Auf vielen Gerdten kénnen
Sie einen Punkt auf der Karte einzeichnen oder auf das Symbol unten klicken. Auf
dem iPhone kénnen Sie Google Chrome oder Firefox verwenden. Stellen Sie dabei
sicher, dass Sie Ortungsdienste akzeptieren. Wenn dies nicht funktioniert, kénnen
Sie unten weitere Alternativen einsehen.

Breite (x.y *) Suche nach dem Ort oder Adres = Q ¢
Lange (x.y *) *
- 2
3 %
Hohe (m) ﬂ
3
A
3
Pransion (m)
&
@
u © OpenSireetMap & Yohan Borvface & Humanitarian OpenStreetMap
Toam | Terms.

Gelbe Flecken die Geschwuiste bilden

Das sieht nicht wie auf den Bildern aus - ich bin unsicher.

*Bewerte das AusmaB des Kranheitsangriffes auf einem Blatt. Wie groB ist die
angegriffene ("kranke”) Oberfliche des Blattes?
Nur ein Teil des Blattes sieht angegriffen aus.
Ungefahr die Halfte des Blattes sieht angegriffen aus.
Fast das ganze Blatt sieht angegriffen aus.

*Bewerte das AusmaR des Kranheitsangriffes auf einen Bestand. Sind nur einzelne
Pflanzen angegriffen (*krank”) oder ein GroBteil der Pflanzen?
Nur einzelne Pflanzen sehen angegriffen aus.
Ungefahr die Halfte des Bestandes sieht angegriffen aus.

Die meisten/alle Pflanzen sehen angegriffen aus.
¥ Fotos

Fotos die du schickst konnen Teil eines Schiussberichtes werden und deshalb durfen die
Fotos keine Person oder Personen beinhalten. Da wir keine Information uber Citizen
Science-Forschereinnen (mit der igen Angabe der Email-
Adresse) konnen wir dich nicht als Fotograf angeben.

Mache ein Foto des Seekannenbestandes oder Teilen des Bestandes.
Wir mdchten geme sehen wie der Bestand aussient

) ~
k here to upload file. (< ~
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Wenn die obige Alternative bei Ihnen nicht funktioniert hat, kénnen Sie entweder
einen Plus Code (2.B. von Google Maps) eingeben oder Ihren Standort so deutlich
wie moglich beschreiben.

*Wann beobachtest du die Seekannen

~
~

yyyy-mer

W Beschreibe was du siehst.

» den
Wirkt der Bestand?

gesund

*Sehen die Krankheitszeichen aus wie auf einem dieser Bilder oder anders?

Braune/schwarze Flecken

Mache ein Foto des Seekannenbestandes oder Teilen des Bestandes.

Wir mochten gerne sehen wre der Bestand aussieht

Click her oad file. (< 10MB) <

Mache ein Foto des angegriffenen Blattes.

Q

W Personliche Daten

Die von dir registrierten Daten werden von der Schwedischen Universitat fur
Agrarwissenschaften (SLU) benutzt um dein Nachricht oder deinen Besuch zu verwalten.
Mehr Information (auf Schwedisch) findest du hier www.slu.se/personuppgifter

*Ich bin damit einverstanden, dass meine Daten gelagert und behandelt werden
wenn ich dieses Formular einschicke.

OK
*Ich bin damit dass die far
Agrarwissenschaften (SLU) meine Daten fir Forschung, Umweltanalysen und
far die Allg benutzt.
oK

Wenn du Fragen hast kannst du uns via sjogull@slu.se mailen.
https://www.slu.se/sjogull.

Vielen Dank dass du dir Zit genommen hast um uns zu helfen. Schicke gerne weitere
Berichte damit wir besser verstehen, wie die Seekannen Gber den Sommer und Herbst

aussehen.
Havs
och Vatten

SLU

myndigheten




English

Koll pa Sjégull

Status of Fringed Water Lily: This project is a cooperation between the Division of
Microbial Ecology, in the Department of Aquatic Sciences and Assessment at the
Swedish University of Agricultural Sciences (SLU), and the Swedish Agency for Marine
and Water Management (HAV). For information about this project visit
https:/iwww.slu.se/sjogull.

W About you

*About you

Reporting on this plant is NOT part of my job responsibilities. | am a "Citizen
Scientist”.

| have a job-related responsibility to report on this plant.

Here you can tell us about how the Fringed Water Lilies look where you are. It is already
helpful to us if you answer once, but is is also good for us to hear if or how the situation
changes throughout the summer and fall. You are welcome to respond to this survey
again!

Tell us where the plants are that you are reporting. On many devices, you can
place a point on a map or click on the symbol below. On iPhone, use Google
Chrome or Firefox (Safari does not always work well, depending on your settings).
Make sure you allow the browser to access your location. If these options do not
work, see other alternatives below.

latitude (x.y *) search for place or address Q &

longitude (x.y *) +
atitude (m)
accuracy (m)
é
o Toam | Terrms

*What is the extent of damage on a single leaf. How much of the leaf looks affected

("sick”, infected) to you?

Only part of the leaf looks infected/"sick”,
About half of the leaf looks infected/"sick".
Almost the whole leaf looks Infected/"sick".

*What is the extent of the infection/"sickness” in a group of plants? Are only a few
plants affected ("sick”) or do you think most plants are affected?

Only a few plants look infected/"sick".

Around half of the plants look infected/"sick".
Most/all of the plants look infected/"sick”.

¥ Photos

The photos you provide may be included in reports of the project results. Do not include
any person or people in the photos you submit. Because we do not collection personal
information about you who are “Citizen Scientists” (unless you provide your email
address above) we cannot credit you as the photographer.

Take a photo of the plant population (the group of plants near you).

Click here to upload file. (< 10MB <

Take a photo of 1 affected leaf if, you see any.

Q

Click here to upload file. (< 10MB

¥ Personal information

The information you provide here will be used at SLU to administer this report and
project. Read more about the handling of personal information at
https://ww.shu.: -slu/per: data/.

*Yes, | understand that my information will be stored and processed in connection
with the submission of this survey.

oK
*Yes, | understand and accept that SLU will use the submitted information for

research. SLU can also use my for analysis
and to report results to the public, without credit or compensation.

W Tell us about what you see.

*Look at a group of plants. Do you think they look healthy?

Healthy

@ Infected/sick (some or all plants)

*Are the signs of infection/"sickness” similar to one of these photos or do they look
different?

Brown/black spots or patches

Gold/yellow spots that form bumps

They don't look like the photos, or | am not sure,

¥ Personal information

The information you provide here will be used at SLU to administer this report and
project. Read more about the handling of personal information at
https://www.slu.se/en/about-siu/contact-slu/personal-data/.

*Yes, | understand that my information will be stored and processed in connection
with the submission of this survey.

oK
*Yes, | understand and accept that SLU will use the submitted information for

research. SLU can also use my for analysis
and to report results to the public, without credit or compensation.

oK

Do you have questions about this project? You can contact us at sjogull@slu.se or visit
us at https://www.slu.se/sjogull.

Thank you for taking a moment to help us understand what is happening with the
Fringed Water Lily this year. Please report again! It is important for us to hear how the
plants look at different times in the summer and fall.

Havs
och Vatten

myndigheten

’ s et
o
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APPENDIX 2: Details of methods for DNA extraction, sequencing, and DNA-based
identification

ITS1-primer

ITS2
IS yia 555 Dy 285

ITS4-primer

Figure A2.1: Schematic of the Internal Transcribed Spacer (ITS) Region.
Amplification using ITS1 and ITS4 primers produces DNA sequences with ITS1,
5.8S rDNA, and ITS2.

The ITS region (above) was amplified using ITS1 + ITS4 primer combination except when it
was suspected the organism was an Oomycete, then combination ITS100 + ITS4 was used
instead'*'s (primer sequences and cycle details follow). Amplification was performed using
Thermo Scientific DreamTaq DNA Polymerase (EP0702). The results were checked using gel
electrophoresis. Successful reactions were cleaned using Invitrogen PureLink PCR Purification
Kit (K3100-01 and K3100-02), quantified using Invitrogen Qubit dsDNA Broad Range Assay
Kit (Q33265) and sent for sequencing at Eurofins Scientific using both forward and reverse
primers. Resulting sequences were quality trimmed and assembled into contigs in Geneious
Prime 2025.1.2 using the Geneious assembler. The assembled sequences were then
compared to the NCBI Core nucleotide database using Megablast (through Geneious Prime),
with the top 10 best matching hits returned. The taxa identified as best hits for each sequence
were reviewed manually in MycoBank'® to retrieve their current taxonomic information and
through online searches to produce a subjective prediction of the likely ecology of the
organism.

Primers:
ITS1 (forward) 5 TCCGTAGGTGAACCTGCGG
ITS100 (forward) 5 GGAAGGATCATTACCACA

ITS4 (reverse) 5 TCCTCCGCTTATTGATATGC
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PCR Amplification cycle

Step Temperature Time Cycles
Initial denaturation 95°C 3 min 1
Touchdown denaturation 95°C 30 sec
Start 54°C
. R o -1°C/cycle
Touchdown annealing 54°C to 48°C 30 sec End 49°C
6 cycles
Touchdown extension 72°C 1 min
Denaturation 95°C 30 sec
Annealing 48°C 30 sec 25
Extension 72°C 1 min
Final extension 72°C 15 min 1
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Website:

APPENDIX 3: Examples of outreach and communication

https://old.slu.se/institutioner/vatten-miljo/forskning/forskningsprojekt/alla-

forskningsprojekt/bio/fume/sjogull/

Koll pa sjogull

Den invasiva vattenvixten sjogull har precis som ménga andra invasiva arter att for att
sprida sig, vaxer snabbt och ar tilig. Darfor kom det som en Gverraskning nér sjogullen
plitsligt drabbades av en okénd sjukdom och till och med farsvann fran vissa platser
under sommaren 2023. Nu arbetar forskarna for att kartlagga denna ovantade vindning.
Kan du hjalpa till att losa gatan?

sjogull beskrivs ofta som vacker men forridisk. Den liknar den gula nickroosen, men
tar Gver dar den vixer. Vixten sprider sig 6ver stora ytor och paverkar dd ekosystemet

och hur vi manniskor kan nyttja vattnet. Sjégull dr en frimmande invasiv art men inte
giftig.

Bakgrund till den nya sjogullsforskningen

Eftersom sjogull ofta innebir stora problem vill vi f3 bort dem och undvika vidare
spridning. Invasiva arter kan vara svéra att bekimpa och i fallet sjogull har
bekimpningsmetoderna hittills bara varit lokala, fungerat tillfalligt och varit dyra.

Forvaningen blev stor nir det under sommaren 2023 visade sig att sjégullen pd nigra
platser fick en sjukdom som gjorde att de dog ut. En teori till varfér minga
sjogullsvixter dog ar att sjogullen angreps av svampar, Darfor har forksningsprojektet
startat for att se om detta mojligtvis kan stimma.

Den nya forskningen r ett samarbete med allmanheten

Forskarna ar intresserade av att veta om vixten verkar frisk, eller om bladen
exempelvis ir flickiga och verkar angripna av sjukdom pd minsta sitt. Den hir
informationen kommer forskarna f3 frdn de personer frén allminheten som vill
rapportera sina fynd genom en webbaserad enkat

Sa har kommer forskarna anvinda observationerna

Genom enkitsvaren hoppas forskarna f3 dokumentation av angrepp pd sjogull och

kunna forst3 nar och var sker. Den hjlper
forskarna att avgora hur provtagning pa angripna vatten och vixter kan ske. Proverna
kan darefter pd ium och fo! is kunna visa vad det ar

som angriper sjogullen, om det ir en akvatisk svamp eller inte.
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Fakta:

Korta fakta om sjigull

= latinskt namn: Nymphoides peltata

= Svenskt namn: sjégull

= Organism: vaxter

= Livsmilj6: Sétvatten

= Ursprung: Asien, och Centraleuropa

= Forsta fynd i Sverige: 1850-1899

= Risk for att vara invasiv i Sverige (riskklass): 5 - mycket h6g risk

Om sjogull
Sjégullen blommar med sina gula, fransiga kronblad under juli till augusti.
Blomman sticker upp ndgra centi Gvanfor dar de i

bladen flyter. Den trivs i lugna néringsrika vatten som vikar och hamnar.

Sjégull bildar massiva bestdnd och sprider sig snabbt genom bide frd och
vegetativa delar. De kan vixa snabbt och rotar sig i botten ned till tre meters djup.
Risken for spridning borjar i mitten av april och till forsta frosten da vixten gr i
vila.

Med sina tita bestdnd ticker sjogull och i jusinflddet och
darmed syretillgdngen i vattnet. Arten utgér ett hinder vid bad, fiske och bétfart.

Om projektet

Namn: "Understkande samarbete for att finna orsak och verkan av mystisk
massddd hos den invasiva de arten sjogull ( peltata)"

Finansierat av Havs- och

enl. Dnr 2023, 94

projektet via jog

2 Kontaktinformation

Jennifer Anderson, Forskare
Institutionen for vatten och miljé, Avdelningen fér mikrobiell ekologi
jennifer.anderson@slu.se,

Lankar

Rappen.se tar emot information om var det finns sjogull (2
Sjogull i Artfakta.se (%

Om fraimmande invasiva arter pa Naturvirdsverkets hemsida %

Férelisning pa engelska om akvatiska svampar av forskaren Jennifer Anderson pa
Biotopias youtubekanal (%

Dela:

B racesoox in  Lnkeow X X

G, VAT TENMIL



https://old.slu.se/institutioner/vatten-miljo/forskning/forskningsprojekt/alla-forskningsprojekt/bio/fume/sjogull/
https://old.slu.se/institutioner/vatten-miljo/forskning/forskningsprojekt/alla-forskningsprojekt/bio/fume/sjogull/

Social media:
https://www.linkedin.com/posts/slu_sjaemgull-medborgarforskning-invasivaarter-

activity-7196037843872366593-18W1

SLU - Swedish University of Agricultural Sciences
ﬂ% 54,180 followers

Tyr - @
Forskarna har startat ett spannande forskningsprojekt for att undersoka vad som
orsakade massddden av sjogullen sommaren 2023. Sjogull &r en invasiv
vattenvaxt som finns i Malardalen och séderut. P4 sommaren tacker den stora
delar av sjoar och vattendrag och forsvéarar for andra organismer att leva dar.
Massdoden av sjogullen ar darfor mycket intressant och forskningen ska
underscka vad som orsakade denna. Kanske var det ett svampangrepp?
Forskaren Jennifer Anderson sager:

- Jag behover din hjalp for att 16sa detta mysterium. Vi vill se om vaxtdéden
beror pd en svamp och i s3 fall forsta om det kan hjalpa till att bekampa sjogull.

Du kan delta i forskningsprojektet genom att rapportera in dina observationer av
sjogull — angripen eller ej. Dina uppgifter kommer att bidra till att identifiera var
och nar angreppen sker och med férhoppningen att kunna hitta en losning for att
bekampa denna invasiva art. Du hittar mer information om forskningsprojektet
och hur du kan delta pd www.slu.se/sjogull

#sjogull #medborgarforskning #invasivaarter #forskningssamarbete

Show translation

Sjogull beskrivs ofta

som vacker men
forradisk.
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https://www.linkedin.com/posts/slu_sjaemgull-medborgarforskning-invasivaarter-activity-7196037843872366593-I8W1
https://www.linkedin.com/posts/slu_sjaemgull-medborgarforskning-invasivaarter-activity-7196037843872366593-I8W1

APPENDIX 4: Expanded details of samples and organisms identified using ITS DNA
sequences

e Organism ID: The lowest (most specific) shared taxonomic level among the top 10
BLAST hits per isolated strain (sequences with high similarity to the strain).

o Predicted Ecology: The ecological predictions are based on review of the ecologies
of top 10 BLAST hits per isolate within these groupings and require testing for
verification. Pathogen = likely plant pathogen. Possible = possible plant pathogen.
Other = not likely plant pathogen.

o Isolate ID: The lab ID of the isolated fungus or fungus-like organism from the study.

o Plant Part: The part of the plant that the organism was isolated from. *Denotes sample
processed by sterile water rinses rather than surface sterilization. Surface sterilization
should yield isolates of organisms growing within the plant tissue, whereas water rinsed
samples may also yield organisms on the plant surface.

e Sample Origin: The name of the water body sampled or a nearby landmark or place
for reference.

¢ North and East: Coordinates of the sample origin in Sweref 99 TM.

e Sample label: The label on the original sample as provided by the collector or na (not
available).

Brandeborgsfjorden June 2024

Organism ID  Predicted Isolate ID Plant North East Sample label
Ecology Part

Alternaria sp. Pathogen F37P petiole* 6260651.32 482572.354 Svamp B (9)

Botrytis sp. Pathogen F36L blade* 6261251.53 482890.919 Svamp A (7)

llyonectria sp.  Pathogen F38P petiole* 6260876.57 482234.687 Svamp C (20)

Pythium sp. Pathogen F37L blade* 6260651.32 482572.354 Svamp B (9)

Pythium sp. Pathogen F38L blade* 6260876.57 482234.687 Svamp C (20)

Sommen - Ostergétland July 2024

Organism ID Predicted Isolate ID Plant North East Sample label
Ecology Part

Ceratobasidium sp. Possible F39R rhizome 6437290.03 501728.767 Sommen 1.1

Leptodontidium sp. Other F40R rhizome 6437141.87 501797.548 Sommen 1.2

Penicillium Other F39P petiole 6437141.87 501797.548 Sommen 1.2

corylophilum

Penicillium sp. Possible F6 blade 6437290.03 501728.767 Sommen 1.1

Plectosphaerella sp. Possible F40L blade 6437141.87 501797.548 Sommen 1.2

Pseudopithomyces Pathogen F214 blade 6437141.87 501797.548 Sommen 1.2

chartarum

Pythium sp. Pathogen  F39L blade 6437290.03 501728.767 Sommen 1.1

Septoria sp. Pathogen F215 blade 6437290.03 501728.767 Sommen 1.1
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Lake Malaren — organized by sample origin

Organism ID

Filosporella sp.
Fusarium sp.
llyonectria sp.
llyonectria sp.
llyonectria sp.

llyonectria sp.

llyonectria sp.

Pythium sp.
Pythium sp.

Sarcocladium sp.

(S. Strictum)**

Stemphylium
vesicarium

Stemphylium
vesicarium

Stemphylium
vesicarium

Stemphylium
vesicarium

Trichoderma sp.

Trichoderma sp.

Epicoccum sp.
Epicoccum sp.
Pythium sp.
Alternaria sp.
Mucor hiemalis
Mucor hiemalis
Mucor hiemalis
Penicillium sp.
Pleosporales
Pleosporales

Pleosporales

Tolypocladium sp.

Predicted
Ecology

other

Pathogen
Pathogen
Pathogen
Pathogen
Pathogen

Pathogen

Pathogen
Pathogen
Pathogen

Pathogen

Pathogen

Pathogen

Pathogen

other

other

Pathogen
Pathogen
Pathogen
Pathogen
Possible
Possible
Possible
Possible
Possible
Possible
Possible

other

Isolate
ID

F4
F211
F10
F11
F204
F207

F208

F9
F200
F210

F16L

F17

F16L

F216

F209

F30

F100-4
F100-3
F100-5
F18
F19
F19B
F3
F214
F203
F32P
F12

F8

Plant
Part

blade*
petiole®
blade*
blade*
blade*

petiole,
blade*

petiole,
blade*

na
petiole*
blade*

blade

blade

blade

blade

petiole,
blade*

Petiole,
blade*

blade
blade
blade
blade
blade*
blade
blade*
na
petiole*
petiole®
petiole*

petiole*

Sample
Origin
Broby.
Broby.
Broby.
Broby.
Broby.
Broby.

Broby.

Broby.
Broby.
Broby.

Broby.

Broby.

Broby.

Broby.

Broby.

Broby.

Gos.

Gos.

Gos.

Koping.
Koping.
Koping.
Koping.
Koping.
Koping.
Koping.
Koping.
Koping.
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North

6590277.3
6590277.3
6590277.3
6590277.3
6590277.3
6590277.3

6590277.3

6590277.3
6590277.3
6590277.3

6590277.3

6590277.3

6590277.3

6590277.3

6590277.3

6590277.3

6591810.59
6591810.59
6591810.59
6593063.64
6593063.64
6593063.64
6593063.64
6593063.64
6593063.64
6593063.64
6593063.64
6593063.64

East

572906.079
572906.079
572906.079
572906.079
572906.079
572906.079

572906.079

572906.079
572906.079
572906.079

572906.079

572906.079

572906.079

572906.079

572906.079

572906.079

574016.85

574016.85

574016.85

560544.795
560544.795
560544.795
560544.795
560544.795
560544.795
560544.795
560544.795
560544.795

Sample Date

label m-y

UB  Aug-23
UB  Aug-23
UB  Aug-23
UB  Aug-23
UB  Aug-23
UB  Aug-23
UB  Aug-23
UB Aug-23
UB Aug-23
UB  Aug-23
UB  Aug-23
UB  Aug-23
UB  Aug-23
UB  Aug-23
UB  Aug-23
UB  Aug-23
U-lan6 Oct-24
U-lané Oct-24
U-lané Oct-24
KO  Aug-23
KO  Aug-25
KO  Aug-23
KO  Aug-25
KO  Aug-23
KO  Aug-23
KO  Aug-23
KO  Aug-23
KO Aug-23



Lake Malaren Continued

Organism ID

Alternaria sp.
Pythium sp.
Filosporella sp.
Filosporella sp.
Helotiales
llyonectria sp.
Pezizomycotina
Alternaria sp.
Alternaria sp.
Alternaria sp.
Fusarium sp.
Fusarium sp.
Fusarium sp.
Fusarium sp.
llyonectria sp.
llyonectria sp.
Mucor hiemalis
Mucor hiemalis
Pleosporales
Filosporella sp.
Filosporella sp.
Pythium sp.
Pythium sp.

Predicted
Ecology

Pathogen
Pathogen
other
other
other
Pathogen
other
Pathogen
Pathogen
Pathogen
Pathogen
Pathogen
Pathogen
Pathogen
Pathogen
Pathogen
Possible
Possible
Possible
other
other
Pathogen
Pathogen

Isolate
ID

F104-2
F104-1
F41R-3
F41R4
F212
F41L
F41R
F20B
F14
F217-1
F21-1
F22
F22P
F21P
F15

F1
F217
F217-2
F205
F103-2
F103-4
F102
F103-6

Part  Origin North

blade Kungsoér 6588223.61
blade Kungsoér 6588223.61
rhizome K-torp. 6588533.42
root K-torp. 6588533.42
root K-torp. 6588533.42
blade K-torp. 6588533.42
rhizome K-torp. 6588533.42
blade* Kvik.  6592020.52
blade Kvik. = 6592020.52
petiole Kvik.  6592020.52
petiole* Kvik.  6592020.52
petiole* Kvik.  6592020.52
petiole* Kvik.  6592020.52
petiole* Kvik. ~ 6592020.52
petiole Kvik.  6592020.52
na Kvik.  6592020.52
petiole Kvik.  6592020.52
petiole Kvik.  6592020.52
petiole* Kvik. ~ 6592020.52
petiole Munk. 6590522.66
petiole Munk. 6590522.66
petiole Munk. 6590522.66
petiole Munk. 6590522.66
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East

562239.27

562239.27

562267.112
562267.112
562267.112
562267.112
562267.112
574613.474
574613.474
574613.474
574613.474
574613.474
574613.474
574613.474
574613.474
574613.474
574613.474
574613.474
574613.474
573526.21

573526.21

573526.21

573526.21

Sample Date
label m-y
U-1an11 Oct-24
U-1an11 Oct-24
na Jun-24
na Jun-24
na Jun-24
na Jun-24
na Jun-24
KV  Aug-23
KV  Aug-23
KV  Aug-23
KV  Aug-23
KV  Aug-23
KV  Aug-23
KV  Aug-23
KV  Aug-23
KV  Aug-23
KV  Aug-23
KV  Aug-23
KV  Aug-23
U-1an8 Oct-24
U-1dn8 Oct-24
U-1an8 Oct-24
U-1an8 Oct-24
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