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Tillatelse til innsamling av sopp og jordpraver i Faerder
nasjonalpark

Vedtak

Fakultet for miljgvitenskap og naturforvaltning Norges miljg- og biovitenskapelige universitet
v/fgrsteamanuensis Siri Lie Olsen gis tillatelse til innsamling av sopp og jordprgver i Moutmarka
(gnr 243/73) Feerder nasjonalpark pa fglgende vilkar:
Tillatelsen er gyldig til 31.12.24
- Trua arter skal i stgrst mulig grad unntas fra innsamling
- Innsamling skal skje ved hjelp av jordbor, som ikke etterlater stgrre hull enn
diameter pa 3 cm. Innsamling skjer pa begrenset omrade
- Det gis ikke tillatelse til motorisert ferdsel
- Det forutsettes deltakere i prosjektet har kompetanse som beskrevet

Dokumenter i saken

Seknad fra Fakultet for miljgvitenskap og naturforvaltning Norges miljg- og biovitenskapelige
universitet.

Soknaden

Fra seknaden: Vi sgker herved om tillatelse til innsamling av sopp og jordprgver i Faerder

nasjonalpark hgsten 2022, 2023 eller 2024.

Norges miljg- og biovitenskapelige universitet (NMBU), Norsk institutt for naturforskning (NINA) og Miljgfaglig
utredning (MFU) samarbeider om et prosjekt finansiert av Artsdatabanken hvor vi gnsker G gke kunnskapen om
det biologiske mangfoldet av sopp i tradisjonelle sldtte- og beitemarker i Norge. Mdlsetningen vdr er @ finne nye
sopp-arter for landet og for vitenskapen. For G fa til det gnsker vi G samle sopp og jordpraver i de mest lovende
engene over hele landet. To av disse engene befinner seg i Feerder nasjonalpark, naermere bestemt i Moutmarka
(gnr/bnr 243/73) og pad Sgnstegdrd (gnr/bnr 236/10 og 237/5) i Faerder kommune.

For a finne nye sopp-arter, vil vi kombinere tradisjonell kartlegging av sopp med analyser

av DNA i jordprgver. Til sammen gir disse to metodene oss gode muligheter til G kartlegge det skjulte
mangfoldet av sopp i sldtte- og beitemarker pa en rask og kostnadseffektiv mdate. Undersgkelsene vil omfatte
folgende:
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- To personer vil ga systematisk rundt i enga i noen timer og registrere hvilke sopper som vokser der. Noen
utvalgte sopper vil samles inn.

- Jordprgver vil samles inn langs oppmalte linjer i enga. Innsamlingen vil skje ved hjelp av jordbor, som
etterlater en rekke sma hull med en diameter pG 3 cm fordelt over omtrent 900 m2. Totalt vil det samles inn et
par liter jord.

- Med unntak av de sma hullene etter jordboret, vil det ikke vaere noen varig pdvirkning eller spor etter
undersgkelsen i etterkant.

- Alle innsamlede artsdata vil bli gjort offentlig tilgjengelige i Artskart. Vi vil selvsagt innhente grunneiers
tillatelse til disse undersgkelsene.

Fordi forekomsten av sopp er sveert vaeravhengig, er det vanskelig @ si akkurat ndr vi vil giennomfgre
undersgkelsene i Feerder nasjonalpark. Avhengig av soppsesongen vil det bli enten hgsten 2022, hgsten 2023
eller hgsten 2024.

Vedlagt er var prosjektbeskrivelse med flere detaljer.

Utdrag fra prosjektbeskrivelsen: Semi-naturlig eng er en truet og sveert artsrik naturtype, blant annet
ndr det gjelder sdkalte beitemarkssopp - men deler av dette soppmangfoldet er ukjent eller
mangelfullt kjent. Prosjektets hovedmal er derfor G gke kunnskapen om artsmangfoldet av sopp i
semi-naturlig eng. Nyere DNAstudier tyder pd at mange titalls nye arter av beitemarkssopp venter pa
a bli oppdaget og beskrevet, og flere arter beskrevet fra andre land er nylig blitt oppdaget i Norge
som falge av DNA-sekvensering.

| dette prosjektet vil vi lete etter nye sopparter for Norge og for vitenskapen i semi-naturlig eng over
hele landet. For @ finne dette skjulte biomangfoldet, vil vi kombinere kartlegging ved hjelp av 1)
fruktlegemer og 2) mili@-DNA i jordpraver. | fruktlegemestudiene vil vi legge saerlig vekt pa de sdkalte
CHEGD-soppene: Clavariaceae - fingersopper, Hygrocybe i vid forstand - engvokssopper, Entoloma -
r@dsporer, Geoglossaceae - jordtunger og Dermoloma - grynmusseronger. For d gke sannsynligheten
for a finne nye arter, vil vi i tillegg benytte miljg-DNA for @ fange opp en lang rekke jordboende
sopper, inkludert bdde sekksporesopper og stilksporesopper.

Videre beskrives metode, organisering, tidsplan og samarbeid. (prosjektplan og sgknad er vedlagt).

Seknaden er vurdert i samsvar med

Nasjonalparkforvalter har fullmakt til & gi tillatelser i samsvar med verneforskriften for Feerder
nasjonalpark i mindre saker som ikke har prinsipiell betydning. Denne myndigheten er delegert
fra nasjonalparkstyret. Sgknaden behandles i henhold til verneforskriften for Feerder
nasjonalpark.

Verneforskrift og verneformal

Formalet med Faerder nasjonalpark (§ 1) er & bevare et stgrre naturomrade med representative
gkosystemer ved Kkysten i ytre Oslofjord med seerlig vekt pa landskap, naturtyper, arter og
geologiske forekomster pa land og i sjg og som er uten tyngre naturinngrep.

Videre (utdrag):

- Leveomrader for flere truede arter herunder kammarimjelle, kjempestarr og flatgsters.

I sone A er formalet a ta vare pa naturtyper som hagemark, hule eiker, naturbeitemarker,
slatteenger, tgrrenger og strandenger.

I sone B er formalet 4 ta vare pa livsmiljget for plante- og dyrelivet, spesielt med hensyn til

sjgfuglene og deres hekkeplasser. Pa Lille Rauer er det i tillegg seerlig viktig 4 bevare den
truede arten gul hornvalmue og deres livsmiljg.
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I sone C er formalet & ta vare pa et omrade med szrskilt vitenskaplig betydning som
referanseomrade og som er egenartet i form av stor variasjon i naturtyper, herunder
tangvollger, strandsumper, strandenger, dammer, karplanter, beitemarkssopp og insekter.

§ 3, pkt. 2 verner om plantelivet. Pkt. 2.1: Vegetasjon pd land og i sjg, herunder dgde busker,
traer og ilanddrevet tang og tare er vernet mot skade og gdeleggelse. Planting og sding er ikke
tillatt. Nye plantearter md ikke innfares.

Sgknaden kommer ikke inn under unntaksbestemmelsene i pkt. 2.2, og pkt. 2.3 -
forvaltningsmyndigheten kan etter sgknad gi tillatelse til, omfattes heller ikke denne type
innsamling.

Sgknaden mad behandles etter § 4, Generelle dispensasjonsbestemmelser:
Forvaltningsmyndigheten kan gjore unntak fra forskriften dersom det ikke strider mot
vernevedtakets formdl og ikke kan pdvirke verneverdiene nevneverdig, eller dersom
sikkerhetshensyn eller hensynet til vesentlige samfunnsinteresser gjor det ngdvendig, jf.
Naturmangfoldloven § 48.

I henhold til naturmangfoldloven § 7 skal prinsippene i §§ 8-12 legges til grunn som
retningslinjer ved utgving av offentlig myndighet. Prinsippene gjelder kunnskapsgrunnlaget,
fare-var-prinsippet, gkosystemtilnaerming og samlet belastning, hvem som skal bzere
kostnadene ved miljgforringelse og miljgforsvarlige teknikker og driftsmetoder.

Vurdering

Etter verneforskriftens § 4 kan det gjgres unntak fra forskriften dersom det ikke strider mot
vernevedtakets formdl og ikke kan pdvirke verneverdiene nevneverdig, eller dersom
sikkerhetshensyn eller hensynet til vesentlige samfunnsinteresser gjor det ngdvendig, jf.
Naturmangfoldloven § 48.

Nasjonalparkforvalter vurderer at den type studie som omsgkes er viktig for a opprettholde
formalet med verneformalet til Feerder nasjonalpark, og bidra til god forvaltning. Sgker
vurderes ha kompetanse til a vurdere pavirkning pa verneverdiene og utfgre studien pa en
skansom mate for naturverdiene. Metoden som skal benyttes vurderes a ikke pavirke
verneverdiene nevneverdig. Kunnskapsgrunnlaget om det biologiske mangfoldet av sopp i
Fzaerder nasjonalpark vurderes styrket gjennom prosjektet. Beitemarkssopp er spesifikt omtalt i
verneforskriften: I sone C er formdlet d ta vare pd et omrdde med sarskilt vitenskapelig betydning
som referanseomrdde og som er egenartet i form av stor variasjon i naturtyper, herunder
tangvoller, strandsumper, strandenger, dammer, karplanter, beitemarkssopp og insekter.
Moutmarka ligger i sone C i Feerder nasjonalpark, og deler av Moutmarka er definert som semi-
naturlig eng, som er en truet og sveert artsrik naturtype, blant annet nar det gjelder
beitemarkssopp. Beitemarksopp er szerskilt omtalt i skjgtselsplanen for Moutmarka
naturreservat - som inngikk i Feerder nasjonalparki 2013.

Senstegard (gnr/bnr 236/10 og 237/5) i Feerder kommune inngar ikke i Feerder
nasjonalpark og vurderes ikke i henhold til verneforskriften for Faerder nasjonalpark.

Prosjektet er finansiert av Artsdatabanken. Det er nasjonalparkforvalters vurdering at sgker

inneholder ngdvendig kompetanse til & vurdere sarbare populasjoners robusthet. Det ma gjgres
en vurdering i hvert enkelt tilfelle pa hvilke sopper som skal samles inn. Et styrket
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kunnskapsgrunnlag vurderes a vaere i trad med formalet til nasjonalparken, § 1 verneformalet
«a ta vare pa:

- Representative gkosystemer med variasjonsbredden i naturmangfold, herunder arter,
bestander, naturtyper, geologi og pkologiske prosesser samt

- Leveomrdder for flere truede arter herunder kammarimjelle, kjempestarr og flatgsters

I sin sgknad skriver tiltakshaver at «Alle innsamlede artsdata vil bli gjort offentlig tilgjengelig i
Artskart».

NML §§ 8-12
§ 8 Kunnskapsgrunnlaget vurderes ivaretatt. Metoden for innsamling er godt beskrevet og
utfgres av personer med hgy kompetanse.

§ 9 Fgre-var-prinsippet vurderes ivaretatt ved vilkar satt i tillatelsen, og ved den kunnskapen
som studien vil tilfgre forvaltningen.

§ 10 Pkosystemtilnaerming og samlet belastning. Sgker er kjent med verneforskriften for Feerder
nasjonalpark og prgvetakingen vil ikke gi varig pavirkning eller spor. Forvaltningen far flere
sgknader fra forsknings- og kartleggingsmiljger til prgvetaking og innsamling, men vurderer den
samlede belastning sa langt til & veere liten.

§ 11 Kostnadene ved miljgforringelse. Det forventes ingen miljgforringelse, da prgvetaking og
innsamling skal skje pa en skdnsom mate uten varige spor. Ved eventuell miljgforringelse skal
tilbakefgring bekostes av sgker.

§ 12 Miljgforsvarlige teknikker og driftsmetoder vurderes ivaretatt i henhold til vilkar i
tillatelsen og metodebeskrivelse.

Klage

Vedtaket kan klages inn for Miljgdirektoratet av partene i saken eller andre som har rettslig
klageinteresse med ein frist pa 3 uker jf. forvaltningsloven § 28. En eventuell klage skal rettes til
Miljgvdirektoratet, men sendes til Feerder nasjonalparkstyre.

Med hilsen

Anne Sjemeeling
nasjonalparkforvalter

Dokumentet er elektronisk godkjent

Kopi til:
Forum for Natur og Friluftsliv i Vestfold Stadionveien 5 3214 SANDEFJORD
Feaerder kommune Postboks 250 3163 NOTTER@Y
Vestfold og Telemark fylkeskommune Postboks 2844 3702  SKIEN
Statsforvalteren i Vestfold og Telemark Postboks 2076 3103 T@NSBERG
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From: Siri Lie Olsen[siri.lie.olsen@nmbu.no]

Sent: 06.05.2022 23:07:58

To: Postmottak SFVT[sfvtpost@statsforvalteren.no]

Cc: Sjomaling, Anne[ansjo@statsforvalteren.no]

Subject: Seknad om tillatelse til innsamling av sopp og jordprever i Faerder
nasjonalpark

Til Feerder nasjonalparkstyre ved Statsforvalteren i Vestfold og Telemark,

Norges miljg- og biovitenskapelige universitet (NMBU), Norsk institutt for naturforskning
(NINA) og Miljgfaglig utredning (MFU) samarbeider om et prosjekt hvor vi gnsker a gke
kunnskapen om det biologiske mangfoldet av sopp i tradisjonelle slatte- og beitemarker i
Norge. Malsetningen var er a finne nye sopp-arter for landet og for vitenskapen. For a fa
til det gnsker vi a samle sopp og jordprgver i de mest lovende engene over hele landet. To
av engene vi gnsker a besgke ligger innenfor Faerder nasjonalpark.

Vedlagt er derfor var sgknad om tillatelse til innsamling av sopp og jordprgver i Feerder
nasjonalpark, samt en detaljert beskrivelse av prosjektet. Vi haper det er mulig a gi
tillatelse til dette arbeidet. Eventuelle spgrsmal kan rettes til Siri Lie Olsen
(siri.lie.olsen@nmbu.no, tif. 458 54 973).

Med vennlig hilsen
Siri Lie Olsen
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Norges miljg- og biovitenskapelige universitet
Fakultet for miljgvitenskap og naturforvaltning

Farsteamanuensis Siri Lie Olsen

Fakultet for miljgvitenskap og naturforvaltning
Norges miljg- og biovitenskapelige universitet
Postboks 5003

1432 As

Var ref. Deres ref. Dato
Siri Lie Olsen 06.05.2022
Til:

Statsforvalteren i Vestfold og Telemark,

Sgknad om tillatelse til innsamling av sopp og jordpraver
| Feerder nasjonalpark

Vi sgker herved om tillatelse til innsamling av sopp og jordprgver i Feerder
nasjonalpark hgsten 2022, 2023 eller 2024.

Norges miljg- og biovitenskapelige universitet (NMBU), Norsk institutt for naturforskning
(NINA) og Miljgfaglig utredning (MFU) samarbeider om et prosjekt finansiert av
Artsdatabanken hvor vi gnsker a gke kunnskapen om det biologiske mangfoldet av sopp i
tradisjonelle slatte- og beitemarker i Norge. Malsetningen var er a finne nye sopp-arter
for landet og for vitenskapen. For a fa til det gnsker vi 4 samle sopp og jordprgver i de
mest lovende engene over hele landet. To av disse engene befinner seg i Feerder
nasjonalpark, nzermere bestemt i Moutmarka (gnr/bnr 243/73) og pa Sgnstegard
(gnr/bnr 236/10 og 237/5) i Feerder kommune.

For a finne nye sopp-arter, vil vi kombinere tradisjonell kartlegging av sopp med analyser
av DNAijordprgver. Til sammen gir disse to metodene oss gode muligheter til
kartlegge det skjulte mangfoldet av sopp i slatte- og beitemarker pé en rask og
kostnadseffektiv mate. Undersgkelsene vil omfatte fglgende:

- To personer vil ga systematisk rundt i enga i noen timer og registrere hvilke
sopper som vokser der. Noen utvalgte sopper vil samles inn.

- Jordprgver vil samles inn langs oppmalte linjer i enga. Innsamlingen vil skje ved
hjelp av jordbor, som etterlater en rekke sma hull med en diameter pa 3 cm
fordelt over omtrent 900 m2. Totalt vil det samles inn et par liter jord.

- Med unntak av de sma hullene etter jordboret, vil det ikke veere noen varig
pavirkning eller spor etter undersgkelsen i etterkant.

- Alle innsamlede artsdata vil bli gjort offentlig tilgjengelige i Artskart.

Postboks 5003 www.nmbu.no +47 67 23 00 00
NO-1432 As post@nmbu.no
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Vi vil selvsagt innhente grunneiers tillatelse til disse undersgkelsene.

Fordi forekomsten av sopp er svert vaeeravhengig, er det vanskelig a si akkurat nar vi vil
gjiennomfgre undersgkelsene i Feerder nasjonalpark. Avhengig av soppsesongen vil det bli
enten hgsten 2022, hgsten 2023 eller hgsten 2024.

Vedlagt er var prosjektbeskrivelse med flere detaljer.

Vi haper det er mulig a gi tillatelse til dette arbeidet. Eventuelle spgrsmal kan rettes til
Siri Lie Olsen (sirilie.olsen@nmbu.no, tIf. 458 54 973).

Med vennlig hilsen

(sign.)

Siri Lie Olsen
Fgrsteamanuensis ved NMBU og vitenskapelig radgiver i NINA
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1. TITLE: Hidden fungi of semi-natural grasslands in Norway: combining fruit body studies and eDNA

2. RELEVANCE

Semi-natural grasslands, which are the focus of this proposal, are a hotspot for fungal diversity. Many
of the so-called CHEGD fungi (Clavariaceae, Hygrocybe sensu lato, Entoloma, Geoglossaceae and
Dermoloma) are specific to this threatened nature type and are used as grassland indicator species.
However, recent studies suggest that there is a hidden diversity of grassland fungi with many species
waiting to be discovered. Through a combination of field surveys of fruit bodies followed by DNA
barcoding and eDNA metabarcoding of soil samples we expect to find new species both to Norway
and to science. Our project will therefore contribute to the ultimate goal of the Norwegian Taxonomy
Initiative (“Artsprosjektet”), which is to increase the knowledge of biodiversity in Norway, especially
among species and species groups which are poorly or insufficiently known. Through scientific
publications and outreach activities our findings will increase the knowledge of grassland fungal
biodiversity within the scientific community and the general public, respectively, which will in turn
contribute to a knowledge-based management of this threatened nature type.

3. SCIENTIFIC PART
a) Sammendrag

Semi-naturlig eng er en truet og svaert artsrik naturtype, blant annet nar det gjelder sakalte
beitemarkssopp - men deler av dette soppmangfoldet er ukjent eller mangelfullt kjent. Prosjektets
hovedmal er derfor & gke kunnskapen om artsmangfoldet av sopp i semi-naturlig eng. Nyere DNA-
studier tyder pa at mange titalls nye arter av beitemarkssopp venter pa a bli oppdaget og beskrevet,
og flere arter beskrevet fra andre land er nylig blitt oppdaget i Norge som fglge av DNA-sekvensering.
| dette prosjektet vil vi lete etter nye sopparter for Norge og for vitenskapen i semi-naturlig eng over
hele landet. For a finne dette skjulte biomangfoldet, vil vi kombinere kartlegging ved hjelp av 1)
fruktlegemer og 2) miljg-DNA i jordprgver. | fruktlegemestudiene vil vi legge saerlig vekt pa de sakalte
CHEGD-soppene: Clavariaceae - fingersopper, Hygrocybe i vid forstand - engvokssopper, Entoloma -
r@dsporer, Geoglossaceae - jordtunger og Dermoloma - grynmusseronger. For 8 gke sannsynligheten
for a finne nye arter, vil vi i tillegg benytte miljg-DNA for a fange opp en lang rekke jordboende
sopper, inkludert bade sekksporesopper og stilksporesopper. Vi forventer at fruktlegemestudiene vil
veere sarlig nyttige for avslgre en del sjeldne arter som finnes pa sma areal og ikke sa lett blir fanget
opp av jordprgvene. Bruk av miljg-DNA vil hjelpe oss med a identifisere et stort antall arter fra de
fleste soppgrupper, inkludert sopper som sjelden eller aldri danner synlige fruktlegemer, hvorav
mange forventes a veere nye for landet. Til sammen gir disse to metodene oss gode muligheter til
kartlegge det skjulte mangfoldet av sopp i semi-naturlig eng pa en ny og kostnadseffektiv mate.

Abstract

Semi-natural grassland is a threatened and extremely species rich nature type, especially for the so-
called grassland fungi - but parts of this fungal diversity are unknown or poorly known. The main goal
of this project is therefore to increase our knowledge of the fungal diversity in Norway’s semi-natural
grasslands. Recent DNA studies suggest that tens of new species of grassland fungi await discovery
and description, and several species described from other countries have recently been found in



Norway following DNA barcoding. In this project we will search for new fungal species to Norway and
to science in semi-natural grasslands countrywide. To find this hidden biodiversity, we will combine
surveys of 1) fruit bodies and 2) environmental DNA (eDNA) in soil samples. In the fruit body studies
we will emphasize the so-called CHEGD group: Clavariaceae, Hygrocybe sensu lato, Entoloma,
Geoglossaceae and Dermoloma. To increase the probability of finding new species, we will also use
eDNA to capture a broader range of soil fungi, including both Ascomycota and Bacidiomycota. We
expect that the fruit body survey will reveal rare species found in small areas that will not easily be
captured by soil samples, whereas the use of eDNA will help us identify a large number of species,
including species that rarely or never produce visible fruit bodies, of which many will likely be new to
Norway. Together these two methods will provide good opportunities to record the hidden diversity
of fungi in semi-natural grasslands in a new and cost-effective way.

b) Objectives

Main goal: To increase the knowledge of the fungal species diversity in the threatened nature type
semi-natural grassland, with special focus on CHEGD fungi

Subgoal 1: Discover hidden species diversity by traditional DNA barcoding of fruit bodies from
selected groups

Subgoal 2: Discover hidden species diversity by eDNA metabarcoding of soil samples

Subgoal 3: Based on subgoal 1 and 2, publish new species to Norway and describe new species to
science

Subgoal 4: Get a better understanding of the advantages and limitations of field surveys of fruit
bodies, versus the use of eDNA analyses from soil samples, to facilitate future detection and
description of new species and make it more cost-effective

c) Background and state of knowledge

Semi-natural grasslands are regularly grazed (pastures) or mown (hay fields), not or poorly fertilized,
and not plowed (except possibly a long time ago) (Halvorsen et al. 2016). Due to modern agricultural
practices and abandoning/regrowth, semi-natural grasslands are declining and threatened both in
Norway (Norwegian Biodiversity Information Centre 2018, indicating a loss of approximately 60%
during the last 60 years) and in the EU (Janssen et al. 2016). In western Europe, a loss of 90% during
the last 75 years is estimated, making it urgent to study the species diversity in this nature type
(Griffith et al. 2013).

Fungi are an important part of grassland biodiversity. “Waxcap grasslands” (i.e. with many species of
Hygrocybe sensu lato) were a concept among mycologists already in the 18™ century (Griffith et al.
2013). Nitare (1988) pointed to a range of fungal groups typical of semi-natural grasslands in Sweden,
in Europe later referred to as CHEGD fungi. This acronym is used in accordance with several

European authors (e.g. Newton et al. 2003, Griffith et al. 2013, Sdnchez-Garcia et al. 2021) to
describe taxonomically diverse groups with seemingly ecologically related species from Clavariaceae
(Camarophyllopsis, Clavaria, Clavulinopsis, Ramariopsis), Hygrophoraceae (Hygrocybe sensu lato,
Boertmann 2010, later split into Hygrocybe s.str., Cuphophyllus, Neohygrocybe, Chromosera,
Gloioxanthomyces, Gliophorus and Porpolomopsis, Lodge et al. 2013), Entoloma, Geoglossaceae and



Microglossum, and Dermoloma (plus the related Porpoloma and Pseudotricholoma). Based on
information from 39 818 records of 132 species, a major part of the Norwegian CHEGD fungi are
shown to be strongly specific to semi-natural grasslands (Jordal et al. 2016). The CHEGD fungi are
generally regarded as important indicators of semi-natural grassland quality (e.g. Nitare 1988, Griffith
et al. 2013, Cabon et al. 2021). The nutrient strategies of the CHEGD fungi are not known, but some
of them have been found in tissues of vascular plants, indicating a biotrophic relation (e.g. Halbwachs
et al. 2018). Also, species from many other genera are found in semi-natural grasslands (e.g.
Agaricus, Clitocybe, Conocybe, Coprinus, Coprinellus, Coprinopsis, Cystoderma s.l., Galerina, Mycena,
Panaeolus, Stropharia; Knudsen & Vesterholt 2012), but less is known about their dependence on
this nature type.

DNA barcoding of fruit bodies has revealed a reasonably larger diversity of CHEGD fungi than
previously thought. Clavariaceae have been poorly studied in Norway, and can potentially contain
many new species to the country known from other parts of Europe (e.g. Kautmanova et al. 2012,
Olariaga et al. 2015). In Hygrocybe sensu lato recent studies in Norway and Sweden have resulted in
a couple of new species (Jordal & Larsson 2021, Crous et al. 2021), but unpublished preliminary
results indicate that this group contains tens of undescribed species (Lodge et al. 2013, Ellen Larsson,
pers. comm.). The Norwegian Entoloma project 2014-2017 resulted in descriptions of many new
species (e.g. Brandrud et al. 2020, Dima et al. 2021). But still we know about 60 undescribed
Entoloma taxa from Norway which have to be recollected and studied more thoroughly before they
can be formally described (Balint Dima, pers. comm.). Geoglossaceae and Microglossum have been
poorly studied in Norway, but we know from other parts of Europe that there are many species not
yet documented in Norway (Arauzo & Iglesias 2014, Fedosova et al. 2018). In Dermoloma three
species are known to Norway, while a recent paper has recognized 25 species in Europe (Sanchez-
Garcia et al. 2021). Some of these new species could potentially occur in Norway.

Similar results are obtained by analyzing eDNA in soil samples from semi-natural grasslands: many
unknown DNA sequences from CHEGD fungi and other groups are already found in Norway (own
unpublished data collected by Olsen et al. 2021), Denmark (Frgslev et al. 2019), Wales (Griffith et al.
2019) and the Netherlands (Balint Dima, pers. comm.), indicating a knowledge gap regarding
grassland fungi.

Together, recent studies using both barcoding of fruit bodies and eDNA in soil samples suggest that
there is a hidden diversity of semi-natural grassland fungi yet to be discovered, and that new species
both to Norway and to science may be found among the CHEGD fungi, and also in several other
groups.

d) Methods

Inspired by the Danish BIOWIDE prosject (Frgslev et al. 2019), the proposed project aims to survey
fungal species diversity of semi-natural grasslands using 1) field surveys of fruit bodies followed by
DNA barcoding and 2) soil sample collection, which will be subjected to eDNA metabarcoding
analyses.

Field surveys of fruit bodies has been the traditional way of discovering new species, and has recently
been improved by DNA barcoding. However, the production of fruit bodies is highly variable, both



temporally and between species, and the probability of detecting fruit bodies depends on both fruit
body size, fruiting frequency, lifespan of the fruit bodies, and time spent on surveys. The use of eDNA
from soil samples can therefore facilitate the discovery of new species. The advantage of fruit body
surveys is the ability to find rare species in very localized areas that are not easily covered by soil
sampling, whereas the use of eDNA can identify species that rarely or never produce visible fruit
bodies. Once detected by eDNA, these species can eventually be detected as fruit bodies by
repeated, targeted visits. In this project we will combine the two methods in order to optimize the
discovery of hidden species diversity. For the fruit body surveys we will focus on the CHEGD fungi,
but also identify species from other genera, with emphasis on Agaricales. The use of eDNA will
identify a broad range of species including both Ascomycota and Bacidiomycota. This method will
therefore complement the fruit body survey by enabling us to find new species within most fungal
groups.

Field survey of fruit bodies

Traditional field surveys of fruit bodies focusing mainly on CHEGD fungi will be conducted in a
selection of semi-natural grasslands (see “Geographical areas and nature types”). These surveys will
be performed by searching along parallel lines about 5 m apart throughout each site. Fruit bodies of
potentially interesting species will be collected for DNA barcoding and/or herbarium deposition
according to standards and procedures (photos, position by handheld GPS etc). Collections will be
dried and studied morphologically under the microscope.

Soil sampling and eDNA analysis

Soil sampling for eDNA analysis will be conducted in the same grasslands as the field surveys. This is
cost-effective, as field surveys and soil sampling can be carried out simultaneously, and will enable us
to identify a much broader range of species than covered by the fruit body survey alone. Using the
same sites also allows for comparison of the efficiency of the two methods in discovering rare and
unknown fungal species. In addition the use of eDNA can identify grasslands that should be re-visited
for fruit body collection, e.g. if unknown sequences/species are discovered.

Soil sampling for eDNA analyses in semi-natural grasslands has traditionally been done using a grid-
based design, where soil samples are collected at regular intervals in a grid pattern (e.g. Frgslev et al.
2019, Griffith et al. 2019). However, in the monitoring of calcareous Tilia forest fungi a transect-
based sampling regime was used (Brandrud et al. 2021). In order to make the soil sampling efficient,
while at the same time covering as much as possible of small-scale variation in each grassland, we
will use a combination of the grid-based and transect-based method, with sampling at regular
intervals along clusters of perpendicular transects placed in suitable habitat within each grassland.
Each cluster will consist of two 30 meter transects forming a cross, and soil samples will be collected
every 5 meters along these transects. To avoid over-sampling small grasslands and under-sampling
large grasslands, the number of transect clusters will depend on the grassland area. The soil sampling
will be done using a soil corer, and all samples from each grassland will be mixed in one plastic bag. A
sub-sample from this bag will be used for eDNA analysis.

In the first year of the project we will test different soil sampling and storage regimes in order to
optimize sampling efficiency. For ten selected grasslands we will test two sampling regimes: the
standard regime with samples collected every 5 meters along the transects, and one less intensive



regime with samples collected every 10 meters along the transects. This will allow us to test how
many samples we need per transect cluster to capture most of the diversity in a grassland. Further,
as keeping samples frozen during field campaigns can be challenging, we will test two different ways
to store the samples: frozen and dried on silica gel. This will be done by sub-sampling soil samples
from three selected grasslands. The results of the method development in the first year will be
important for efficient soil sampling in the last two years of the project and thereby facilitate the
discovery of new species and make it more cost-effective.

A recent test of different sampling regimes and DNA extraction methods for eDNA metabarcoding of
soil (Olsen et al. 2021) revealed some variation in species diversity, but not ecological patterns,
depending on the choice of method. In this project we will utilize the “kit” method (Olsen et al. 2021)
for DNA extraction using a commercial soil-kit (MP FastSpin kit for soil, 50mL). This involves
homogenization of the soil sample using bead beating and extraction of DNA in large 50 mL tubes,
allowing for inclusion of up to 30 gram of soil in each analysis. We will also use the same genetic
marker (fITS7/ITS4, Ihrmark et al. 2012) for fungi and library-prep setup for DNA metabarcoding as
described in Olsen et al. (2021). The library will be sequenced on an lllumina NovaSeq machine rather
than an Illumina MiSeq machine, as the results from our test revealed a deficiency of DNA sequences
for some samples using MiSeq, and hence a reduced potential for detecting rare species.
Identification of species will be done using publicly available reference databases. In addition our
international expert partners (see Organization and collaboration) will contribute reference
sequences for unpublished species.

e) Geographical areas and habitat types

Field surveys and soil sampling will be done for a selection of open and intact semi-natural grasslands
based on available data in “Naturbase” (Norwegian Environment Authority 2021). From a list of
about 2000 localities with high conservational value we will select approximately 70 to include in the
project. The site selection will ensure that the sampling covers grasslands of varying size in different
vegetation zones and sections (sensu Moen 1999) in all regions of Norway, i.e. including the
gradients from strongly oceanic to continental, and from hemiboreal to northern boreal/low alpine.
We will also select sites covering the gradient from acidic to calcareous and from moist to dry, i.e.
many of the grassland types described by Halvorsen et al. (2016) except the forested ones. To
improve field work logistics, we will try to sample sites in the same geographical region (Western
Norway, Eastern Norway, Northern Norway) in the same year. Bad seasons for fruit bodies (dry
weather etc.) can, however, make it necessary to change these plans.

f) Competence

The proposed project will strengthen the taxonomic expertise in Norway in four ways: 1) by
knowledge transfer from established to younger taxonomists during field surveys, 2) by collaboration
with international experts on different fungal groups, with a goal of common publications on new
species to Norway and new species to science (see Organization and collaboration), 3) by organizing
targeted workshops on semi-natural grassland fungi open for both professionals and amateurs (see
Communication), and 4) by public dissemination to a wider audience (see Communication). In
addition we will try to recruit master students to do their master thesis work within the framework
of the project, thereby contributing to the taxonomic expertise of a new generation of mycologists.



4. PROJECT PLAN, ORGANIZATION AND COLLABORATION

a) Organization and collaboration

Project period: 01.04.2022-01.04.2025

Progress plan:

Main activities and milestones

2022 From month, year | To month, year
Project start April, 2022
Plan field work April, 2022 June, 2022

Field work

September, 2022

Progress report

September, 2022

Microscopy

September, 2022

December, 2022

Preparation of barcoding material

September, 2022

December, 2022

2023

eDNA lab work

January, 2023

February, 2023

Bioinformatics and statistical

February, 2023

March, 2023

Interpretation of sequences

February, 2023

March, 2023

Publications, outreach

January, 2023

December, 2023

Plan field work

April, 2023

June, 2023

Field work

September, 2023

Workshop

September, 2023

Progress report

September, 2023

Microscopy

September, 2023

December, 2023

Preparation of barcoding material

September, 2023

December, 2023

2024

eDNA lab work

January, 2024

February, 2024

Bioinformatics

February, 2024

March, 2024

Interpretation of sequences

February, 2024

March, 2024

Publications, outreach

January, 2024

December, 2024




Plan field work April, 2024 June, 2024

Field work September, 2024
Workshop September, 2024
Progress report September, 2024
Microscopy September, 2024 | December, 2024

Preparation of barcoding material | September, 2024 | December, 2024

2025

eDNA lab work January, 2025 February, 2025
Bioinformatics February, 2025 March, 2025
Interpretation of sequences February, 2025 March, 2025
Publications, outreach January, 2025 April, 2025
Final report March, 2025 April, 2025

Partners and collaboration

The core project group will consist of researchers from the Norwegian University of Life Sciences
(NMBU), Miljgfaglig Utredning (MFU) and the Norwegian Institute for Nature Research (NINA). Siri
Lie Olsen (NMBU/NINA) will be the administrative leader of the project. She was Pl of a project
financed by the Norwegian Environment Agency on the use of new technologies for biodiversity
surveys, including analyses of eDNA in soil samples (Olsen et al. 2021). She has also been Pl of
projects on biodiversity hotspots for native and invasive species of different species groups, including
fungi (Olsen et al. 2020, 2018, 2017). John Bjarne Jordal (MFU) will lead the field surveys mainly in
collaboration with MFU colleagues. He has 30 years of experience with fungi in semi-natural
grasslands, has participated in the Norwegian Entoloma project 2014-2017, and described eight
grassland fungi new to science together with colleagues. He has also participated in assessments for
the Norwegian Red List of fungi 1996-2021, and the Global Red List 2019-2021. Tor Erik Brandrud
(NINA) has been Pl of three species projects on different fungal groups: on Cortinarius, Entoloma,
and Inocybe-Conocybe (ongoing). He has also participated in a species project on Ramaria. He will
contribute expert knowledge on several grassland groups of fungi, especially Entoloma (e.g. Brandrud
et al. 2020), and field surveys in calcareous grasslands in SE Norway. Frode Fossgy and Marie Davey
(NINA) will lead the eDNA analysis, including lab work and bioinformatics. Fossg@y is a senior scientist
and geneticist with a broad background in molecular ecology and biodiversity research. His expertise
in this project lies in developing genetic tools for applied science and management authorities with a
strong emphasis on eDNA. He heads the eDNA research at NINA and has developed state-of-the-art
eDNA sampling methodology and analyses for monitoring of biodiversity. Davey was Pl of the species
project BryoFungi on fungi associated with bryophytes. She has over 10 years of experience in the
collection, bioinformatic processing, and analysis of fungal metabarcoding data.



The genetic laboratory at NINA is world-leading in applied conservation genetics, and provides
national monitoring data on insect diversity, genetic interbreeding between wild and farmed salmon,
population estimates of large carnivores and detection of invasive and red-listed species for the
Norwegian management authorities. With more than 5 years of experience in using metabarcoding
techniques to inventory plant, fungal, microbial, nematode, earthworm, insect, bivalve, amphibian,
and fish populations, the NINA laboratory has well established, thoroughly tested protocols for
fungal metabarcoding of soil samples.

To facilitate identification of the species we find, we will collaborate with leading European experts
on different grassland fungi groups. Ellen Larsson is associate professor and senior curator of fungi,
University of Gothenburg. She has worked with Cuphophyllus and other grassland fungal groups, and
collaborated with J.B. Jordal on the publishing of two new Cuphophyllus species. lvona Kautmanova,
PhD, head of the Botanical department of the Slovak National Museum - Natural History Museum
(Bratislava) is an expert of Clavariaceae and will contribute to our work with this group. Balint Dima,
PhD, Institute of Biology, E6tvos Lordand University, Budapest, is a phylogeneticist and expert of
different Agaricales groups. He has participated in the Norwegian Entoloma project 2014-2017, and
described more than 20 new Entoloma species together with colleagues (some of them together with
T.E. Brandrud and/or J.B. Jordal). He will contribute to our work with e.g. Entoloma, Dermoloma and
other groups. See enclosed confirmations on collaboration from Larsson, Kautmanova and Dima.
During the project we will also establish and maintain contact with experts on other fungal groups as
needed.

Budget: See separate document.

b) Synergies

The project will provide useful synergies with previous and existing projects of the Norwegian
Taxonomy Initiative, especially the ongoing Inocybe/Conocybe project, as species from these genera
can be found in semi-natural grasslands. The previous Norwegian Entoloma project 2014-2017
generated thousands of sequences from more than 230 OTUs, of which more than 60 species are still
not identified or described, partly because too little material has been available until now. An
outcome of this project was a European working group on Entoloma with different experts still
working together. As many of these unknown species were found in grasslands, this project can
make it possible to go further with the description of new species from this complex and species rich
genus. Moreover, the Norwegian Environment Agency has shown interest in using eDNA for
biodiversity surveying (see e.g. Olsen et al. 2021), and the proposed project will demonstrate how
the use of eDNA can complement traditional fruit body surveys in mapping fungal diversity in a
threatened nature type.

5. TERMS
a) Communication

The results of the project will be communicated to both the scientific community and the broader
public. New species to Norway will be published in e.g. the Norwegian mycological journal Agarica.
New species to science will be published in international scientific journals, and can also be
presented in national media like forskning.no. The final project report will be included in an



institutional report series and thereby publicly available. This report will contain a list of all taxa
recorded throughout the project period, including all taxa barcoded. Popular scientific results will be
presented to professionals and amateurs through the Norwegian Association for Mycology and
Foraging (NSNF), both at their annual symposium “Vintersopptreffet” and through an article in their
member journal “Sopp og nyttevekster”. Social media (e.g. existing institution Instagram and
Facebook accounts) will be used to reach a broader public.

NSNF has recently given priority to the organizing of specialized workshops for field identification of
“difficult” species groups, e.g. as part of the ongoing Inocybe/Conocybe project. We therefore aim to
collaborate with NSNF to organize two 3-day workshops in fungal species diversity of semi-natural
grasslands led by J.B. Jordal. The workshops will be open for everyone and focus on increasing the
knowledge of grassland fungi in Norway among both professionals and amateurs.

b) DNA barcoding

We aim to barcode ca. 200 fruit body collections per year, i.e. ca. 600 specimens in total throughout
the project period. The collections for barcoding will be selected among insufficiently known groups,
with the goal to discover new species to Norway and to science. Barcoding of collected fruit bodies
will be performed in collaboration with and according to the standards of NorBOL (see enclosed
confirmation of collaboration). Each barcoded collection will be accompanied by ID, photo and
collection data according to NorBOL’s standards, and deposited in the fungarium of Oslo (NHM, see
below).

c) Reference material

We aim to collect 150-300 fungal collections per year, i.e. 450-900 collections in total throughout the
project period. The collections will be selected among insufficiently known groups (see above) and
rare species with poor documentation from Norway. All specimens will be deposited at the
Mycological Herbarium at the Natural History Museum (NHM), University of Oslo in collaboration
with Mika Bendiksby in accordance with the requirements of NHM (see enclosed confirmation of
collaboration). All collected fruit bodies will be photographed in the field.

Remaining soil and DNA extracts will be stored at the genetic laboratory at NINA Trondheim after
analysis. Soil samples will be stored at -20°C and DNA extracts at -80°C.

d) Other information

Information on all species recorded by fruit body surveys will be made publicly available through the
Species Map Service (Norwegian Biodiversity Information Centre, GBIF, 2021), including the NiN
nature type they were found in.

The DNA metabarcoding will generate large species lists that we will make publicly available. Species
occurrence data will be presented on NINAs IPT-server from where the Norwegian Biodiversity
Information Centre and GBIF automatically imports data. Raw sequencing data will be stored at ENA
(European Nucleotide Archive).
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