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Kjeere leser,

Det har vert et spesielt ar, ogsd i Agarica-
sammenheng, med to flotte spesialvolum ,
volum 40 og 41, og det har formelig rent inn
manus til vol 42.

Det er selvfolgelig overveiende positivt
med mange manus, men vi fikk mange manus
omtrent samtidig, sent oktober til tidlig desem-
ber, og fikk litt kapasitetsproblemer. Kanskje
er 12-maneders intervall for Agarica for langt?
Vi fér la tilgang pd manus styre ndr vi trykker,
men benytter her anledningen til & oppfordre
dere til & sende inn manus nir som helst pé
aret. Far vi inn mange manus tidlig pa aret,
kan vi sette strek for inntak for ett volum og
utgi dette, samtidig som vi fortsetter arbeidet
med 4 ta inn manus og bygge opp det neste.

Vi har fétt inn mange gode bidrag fra bade
nye, for oss, og mer erfarne forfattere, og
ensker nye bidragsytere i Agarica velkommen.
Manus i vol. 42 spenner fra beskrivelse av
enkeltfunn nye for Norge til en storre gjennom-
gang av en hel slekt, slik som artikkelen om
reddiksopper 1 Norge. Nybeskrivelser i Agarica
er muligens en ny trend, som gjenspeiles i
antallet artikler i dette nummeret. Takk til
alle bidragsytere til dette serdeles fyldige
vol. 42!

Vi ensker ogsad & benytte anledningen til
igjen & takke Edvin Johansen og Per Vetlesen
for spesialvolumet om slimsopp (Agarica 40:
Special issue on slime moulds (myxomycetes)
in Norway) og Trond Schumacher for spesial-
volumet om Pezizomyceter (Agarica 41:
Special issue on Pezizomycetes in Grims-
dalen). Vi i redaksjonen har ikke drevet frem
disse spesialvolumene. De er blitt til etter
mange ars arbeid av forfatterne, men er gjerne
blitt diskutert med oss i redaksjonen flere ar
for de var klare for trykking. Hva vil det neste
spesialvolumet omhandle mon tro?

Oslo, 7. april 2021

Ella Thoen & Anders K. Wollan

Dear reader,

It has been a special year, also in the Agarica
context, with two great special volumes, vol-
ume 40 and 41, and we have received plenty
of manuscripts for vol. 42.

It is of course predominantly positive with
many manuscripts, but we received most of
them at about the same time, late October to
early December, and had some capacity
problems. Maybe the 12-month interval for
Agarica is too long? We let the influx of
manuscripts decide when to publish a volume,
and will use this opportunity to encourage you
to submit manuscripts at any time of the
year. If we receive many manuscripts early in
the year, we can draw a line for intake for one
volume and publish this, at the same time as
we continue to receive new manuscripts and
work on the next volume.

We have received many excellent contri-
butions from, for us, both new and more
experienced authors, and welcome new contri-
butors to Agarica. The manuscripts in vol 42.
ranges from description of finds new to Nor-
way to a larger review of an entire genus,
such as the article on Hebeloma in Norway.
Publishing descriptions of new species in
Agarica is possibly a new trend, which is
reflected in the number of articles in this
issue. Thanks to all the contributors to this
particularly voluminous vol. 42!

We would also like to take this opportunity
to thank Edvin Johansen and Per Vetlesen
once again for the special volume on slime
molds (Agarica 40: Special issue on slime
molds (myxomycetes) in Norway) and Trond
Schumacher for the special volume on Pezizo-
mycetes (Agarica 41: Special issue on Pezizo-
mycetes in Grimsdalen). We in the editorial
staff have not played an important part for
these special volumes. They are the results of
many years of work by the authors, and they
have discussed with us in the editorial board
several years before they were ready for
printing. What will be the topic for the next
special volume, we wonder?
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SAMMENDRAG

Hebeloma er hattsopper med ektomycorrhiza,
vanlige 1 skog og arktisk-alpine habitater pé
den nordlige halvkule. Inntil nylig var bestem-
melse av arter innen denne slekten enormt
vanskelig pa grunn av manglende klarhet om
artsavgrensning, og navnene som ble brukt pa
funn, observasjoner og sekvenser var svert
upalitelige. Basert pa nylige revisjoner, inklu-
dert morfologiske og molekylere teknikker, er
85 arter av Hebeloma na bekreftet i Europa. 1
denne gjennomgangen er det blitt analysert
296 herbariekollekter av Hebeloma fra Norge,
og det er utarbeidet en sjekkliste for Norge

som bekrefter tilstedeveerelsen av 49 Hebeloma-
arter. Denne listen er sammenlignet med eksi-
sterende lister for Norge fra Norsk mykologisk
database (NMD) og Global Biodiversity
Information Facility (GBIF). De 36 Hebeloma-
artene 1 disse listene som vi ikke har kunnet
bekrefte for Norge, blir diskutert og gitt en
kommentar med hensyn til deres sannsynlige
eksistens i landet i forhold til Norges nordlige
beliggenhet.

ABSTRACT

Hebeloma are ectomycorrhizal fungi, common
in woodlands and arctic-alpine habitats of the
northern hemisphere. Until recently determi-
nation of species within this genus was hugely
difficult due to the lack of clarity on species
delimitation and thus names applied to col-
lections, observations and sequences were
highly unreliable. Based on recent revisions,
including morphological and molecular tech-
niques, 85' species of Hebeloma are now
confirmed within Europe. In this review 296
vouchered records of Hebeloma from Nor-
way have been analysed and a check-list has
been generated for Norway, confirming the

1 "Note added in proof: L.C. Monedero and P.
Alvarado recently described an additional new
species and section from Spain, Hebeloma
adherens, H. sect. Adherentia, in YESCA 32:
56-67 (2020)."
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presence of 49 species of Hebeloma. This list
is compared to existing lists for Norway from
the Norwegian Mycological Database (NMD)
and the global biodiversity information facility
(GBIF). The 36 Hebeloma species not currently
confirmed for Norway are discussed and
acommentary provided, with regard to those
which might exist within the country, and
those for which Norway is beyond their
current northern limits.

INTRODUCTION

Hebeloma is a genus of ectomycorrhizal fungi
that is well represented in a wide range of
different habitats, including temperate and
boreal woodlands, and is particularly common
in arctic and alpine environments (Beker et
al. 2016). Its members associate with a wide
variety of host trees and are often encountered
in disturbed habitats. Mainland Norway that
is located on the Scandinavian Peninsula,
exhibiting a long latitudinal extension ranging
from almost 58°N to just over 71°N, has many
diverse habitats. Consequently, this territory
is likely to house Hebeloma species with a
number of different ecologies and distribution
patterns. Svalbard, also part of Norway, was
excluded from this study; the Hebeloma of
Svalbard were discussed in detail in Beker et
al. (2018).

The aim of this project is to review the
occurrence of Hebeloma in mainland Norway
and to provide an up-to-date check list of the
species of Hebeloma that we have confirmed
as growing in the country. By “confirmed”, we
mean that a voucher exists in a recognized
herbarium and that the material has been
(re-)identified using modern species concepts.
This check list is compared with the lists of
species generated by the Norwegian Myco-
logical Database (NMD) and the Global
Biodiversity Information Facility (GBIF). The
review also addresses those species not yet
confirmed to occur in Norway in order to
assess whether they are to be expected to exist

in Norway or whether Norway is beyond
their current northern limits.

Hebeloma collections are usually correctly
identified as Hebeloma but regarded as difficult
to determine to species level. A huge part of
the problem was the lack of definition of
species limits, and, as a consequence, different
interpretations of species and unreliable
naming of collections, observations and
sequences. Different authors had different
species concepts resulting in the publication
of contradictory species descriptions. The
molecular analyses that existed were confusing
as it appeared that every clade could contain
every species and every species might come
up in several different clades!

In May 2016, Beker, Eberhardt and Vester-
holt published a monograph on the genus
Hebeloma in Europe which used both morpho-
logical and molecular techniques. The mono-
graph was based on the study of all the Euro-
pean names that had been published and all
the type material that could be located.
Following the exclusion of names that could
not be interpreted and the synonymy of species
names that were shown to be conspecific, 84
species of Hebeloma were described that
were known to occur in Europe. In Grilli et
al. (2020) one more species was added to
that list, bringing the total number of species
recorded in Europe to 85.

Determining the Hebeloma section

For the sake of consistency, the following
paragraphs and keys are taken almost un-
changed from this monograph (Beker et al.,
2016) and from Beker et al. (2017). While
keys to the individual species, known to
occur in Norway, could have been included
here, by adapting the keys in Beker et al.
(2016), there is little to gain and much to lose
as a number of the species, for which no
confirmed Norwegian records yet exist, might
well occur in Norway. Instead, we discuss
below both the species now confirmed to exist
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in Norway as well as those not yet recorded
in Norway.

The determination of Hebeloma spp. is
difficult, not only morphologically but also
in many cases molecularly. There are several
possible reasons for this, for example: recent
speciation, morphological stasis after speci-
ation, morphological plasticity within species,
reticulate evolution or incomplete lineage
sorting. Whatever the reason, it is true that a
number of species are macroscopically similar
and even enjoy the same habitats. It is not
unusual to find ‘Hebeloma hotspots’ where
several different species may be growing
together. Despite this difficulty, many Hebe-
loma species can be recognised in the field,
with reasonable certainty; examples, which
occur in Norway, include: H. incarnatulum,
H. laterinum, H. pusillum, H. radicosum and
H. sinapizans.

The first step to identify a Hebeloma is to
determine the section to which it belongs. With
a small amount of microscopy, and a certain
amount of experience, this is relatively straight-
forward. Determination at this level depends
on just a few characters: smell, number of
full-length lamellae (lamellae reaching from
the edge of the stipe to the edge of the pileus),
habitat, whether there are remnants of a veil,
the shape and dextrinoidity of the spores and
the shape of the cheilocystidia.

The ‘Hebeloma sacchariolens smell’ is
usually clearly identifiable and places the
collection into H. sect. Sacchariolentia; a
strong smell of marzipan places the collection
in H. sect. Myxocybe (which in Europe has
only the one species, H. radicosum). A rapha-
noid smell is common in Hebeloma and does
rule out certain sections like H. sect. Naviculo-
spora and H. sect. Scabrispora; a raphanoid
smell plus the remains of a cortina do imply
H. sect. Hebeloma. Similarly, the presence of
a cortina and ventricose (lageniform) cheilo-
cystidia also implies the collection belongs to
H. sect. Hebeloma.

U. Eberhardt et al.

The number of full-length lamellae is a very
useful character. If the number of full-length
lamellae is at least 80 and the spores are
strongly dextrinoid then the species belongs to
H. sect. Sinapizantia. The habitat can provide
many clues. For example, if the collection is
from burnt ground and the spores are strongly
dextrinoid and very small (at most 10 X 6 pm)
and most of the cheilocystidia are swollen at
the base and the apex (clavate-ventricose),

184 0

o

=3

E F G
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Figure 1. Shape of cystidia. A. Cylindrical. B. Lageniform.
C. Ventricose. D. Ventricose or lageniform with capitate
or clavate apex (tibiiform, usually indistinguishable
from capitate-ventricose, capitate-lageniform, clavate-
ventricose, clavate-lageniform; see also H). E. Gently
clavate. F. Clavate-stipitate. G. Clavate-stipitate with
widened base. H. Clavate-ventricose (clavate-
lageniform, hourglass). I. Capitate-stipitate. J. Capitate-
stipitate with widened base. K. Broadly clavate (balloon
shaped, particularly when stipitate it resembles a

balloon on a string). L. Spathulate-stipitate. Drawing
J. Vesterholt.

I8

then the collection is from H. sect. Pseudo-
amarescens (which in Europe has only one
species, H. pseudoamarescens).

If none of the above characters have already
led to a specific section, then it is necessary to
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look at the shape of the cheilocystidia (Fig. 1).
If the shape of most of the cheilocystidia is
cylindrical then the specimen belongs in either
H. sect. Naviculospora or H. sect. Scabrispora.
Members of the latter section have a tendency
to root and the cheilocystidia can be very
rudimentary. For the former section, the
cheilocystidia are more distinct and can be
rather irregular. If the cheilocystidia are gently
clavate at the apex and tapering towards the
base or the cheilocystidia are ventricose and
the spores are strongly dextrinoid then the
specimen belongs to H. sect. Velutipes. If the
cheilocystidia are clavate-ventricose but very
short (on average less than 40 pum) then the
collection belongs to H. sect. Theobromina.
And finally, if the cheilocystidia are not so
short and are relatively abruptly clavate or
capitate at the apex and either tapering
towards the base (clavate-stipitate) or swollen
towards the base (clavate-ventricose) then the
collection belongs to H. sect. Denudata, which
is the largest section of Hebeloma, at least in
Europe, with one third of the species. This
discussion is expressed more formally in the
key below.

Key to Hebeloma sections

The key, essentially reproduced from Beker
et al. (2016), includes all sections of Hebeloma,
that are known to occur in Europe.

An important character in the genus, is the
evaluation of the dextrinoidity of the spores
(Vesterholt, 2005). The colour of the endo-
spore mounted in Melzer’s reagent is observed
after 1-2 minutes or more in mature and un-
damaged spores floating at a distance from
the hymenium. Spores on or near the lamellar
tissue usually show a less distinct dextrinoid
reaction or none at all. Often it is necessary
to use exsiccates or spore deposits for the
examination. In a few cases, it has been
observed that the dextrinoid reaction can be
stronger when studied from fresh material.
Crushed or immature spores often show a

Figure 2. Examples of spore dextrinoidity in Hebeloma.
A. H. mesophaeum (HJB12794) DO. B. H. geminatum
(HJB11801) D1. C. H. fragilipes (HJB11737) D2. D. H.
velutipes (HIB11951) D3. E. H. nauseosum (HJB10848)
D3,D4. F. H. birrus (HJB11830) D4. Photos H.J.
Beker, assembled 2016.

stronger reaction and they should therefore be
ignored. The apex of the spores is typically
almost indextrinoid and this often gives the
dextrinoid spores a bicoloured appearance in
Melzer’s reagent. All mature and normally
developed spores within a preparation show
almost the same colour in Melzer’s reagent.
In some cases, the spores are completely
indextrinoid, in other cases a deep red-brown
colour develops. However, intermediate
reactions are frequent and therefore, a scale
from 0 to 4 has been used in order to quantify
this character (Fig. 2):

DO: spores completely indextrinoid

D1: spores with an indistinct brownish tint
in Melzer's reagent

D2: spores weakly but distinctly dextrinoid,
becoming pale brown

D3: spores rather strongly dextrinoid,
becoming medium brown

D4: spores strongly dextrinoid,
immediately becoming deep and
intensely red-brown

MATERIALS AND METHODS

The set of 296 collections studied consists of
specimens collected by the authors (particu-
larly MP and @W) and loans from herbaria
(particularly O and TROM; herbarium abbre-
viations follow Index Herbariorum, Thiers
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The key

la Lamellae with distinct pinkish tinge, fresh spore deposit with distinct reddish hues
................................................................ sect. Porphyrospora (H. porphyrosporum)

1b Lamellae without a pinkish tinge, spore deposit Isabella or brownish olive or umber
0 SePIA OF WHILISH ...eeiiiiiiiiiiicee e e 2

2a Basidiomes with very sweet smell, the ‘ Hebeloma sacchariolens smell’
.................................................................................................... sect. Sacchariolentia

2b Basidiomes without strong distinctive sweet smell .........coocevvecieniniieninieneeeieeee, 3

3a Growing on burnt ground with spores strongly dextrinoid on ave. < 10.0 x 6.0 um

and ave. cheilocystidium ratio basal width/median width > 1.25
...................................................... sect. Pseudoamarescens (H. pseudoamarescens)
3b Not growing on burnt ground or if on burnt ground then not satisfying all other

CONAItIONS ..ooeiveiiieeiiiiiee e

4a Basidiomes with cortina (sometimes persistent, sometimes fugacious), most

cheilocystidia distinctly ventricose ...

................................................ sect. Hebeloma

4b Basidiomes without cortina or if cortina present then most cheilocystidia not

VENITICOSE ..vvvvvieeeienreieeeeereeeeeeeeneeeeeens

Sa With any of the following distinctive features: i) basidiomes rooting; i) membranous
annulus; iii) cylindrically shaped spores; iv) pruinose pileus and growing with
Cistaceae; v) most cheilocystidia more or less cylindrical; vi) cheilocystidia very
irregular in shape; vii) cheilocystidia with ave. length less than 40 um ................... 6

5b With none of the above distinctive features; cheilocystidia normally consistently
gently clavate or clavate-stipitate or clavate-ventricose or ventricose or a mixture of

these Shapes .......cccvevvveveenciierieerieeiens

6a With any of the following distinctive features and not associated with Cistus:
1) basidiomes rooting; ii) membranous annulus; iii) cylindrically shaped spores;
iv) most cheilocystidia more or less cylindrical; v) cheilocystidia very irregular in
shape........... sects. Duracinus, Myxocybe, Naviculospora, Scabrispora & Syrjense
6b With none of the above distinctive features; cheilocystidia distinctly clavate-
ventricose and either ave. length <40 pum or associated with Cistaceae.....................

........................................... sect. Theobromina

7a Most cheilocystidia gently clavate or ventricose or number of full-length lamellae
(L) at least 80 and spores strongly dextrinoid (D3 or D4).......ccccceeiviecriniecienieiennenns

...................... sects. Sinapizantia & Velutipes

7b Most cheilocystidia clavate-stipitate or clavate-ventricose, if number of full-length
lamellae (L) at least 80 then spores at most weakly dextrinoid (at most D2) .............

2016 [continuously updated]). Only material
from mainland Norway was considered.
Further, the Norwegian Mycological Data-
base (NMD, Larsson et al. 2010) and the Global
Biodiversity Information Facility (GBIF)
were accessed to obtain lists of Hebeloma
records from mainland Norway. In the case of

................................................. sect. Denudata

the NMD, this list refers to records of fungal
collections from the herbaria at O (Oslo), BG
(Bergen), TRH (Trondheim), TROM (Tromse)
and NFRI (Norwegian Forest and Landscape
Institute, NIBIO). It is acknowledged that not
all information from these herbaria is yet
digitised so the information obtained may
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underestimate the number of Hebeloma col-
lections in these herbaria. For GBIF, our focus
is on the records of observations, normally
not supported by voucher material in public
collections. Sequence databases UNITE
(Kdljalg et al. 2013) and NCBI (GenBank)
through PlutoF (Abarenkov et al. 2010) were
searched for Hebeloma records of species
from mainland Norway that likely represent
taxa not yet confirmed here.

For those collections examined, that were
obtained when still fresh, in situ photographs
were usually obtained and full macroscopic
descriptions. For the herbarium loans, the
level of information, accompanying the col-
lections, was hugely variable. Photographs
and macroscopic descriptions were often
unavailable and some parameters (e.g. number
of full-length lamellae) had to be estimated
from the exsiccata. For the great majority of
the 296 collections, ITS sequence data
(barcodes) were generated to assist species
identification. In rare cases data from other
loci were used to confirm identifications.

Data processing in the Hebeloma project
database follows Beker et al. (2016), using
Biolomics version 12 (Bioaware SA NV,
Hannut, Belgium), a commercially available
database system catering for natural history
collections. At the time of writing there are
data from almost 10 000 collections of Hebe-
loma on the database, collected mainly in
Europe and North America, including types. It
also includes the 296 collections from Norway.

As described in detail by Beker et al. (2016),
all collections are entered on the database
where, as well as the collection details, their
morphological description (as far as it is
available) is held as a number of parameters
describing the collection both macroscopically
and microscopically.

In short, to address the morphology, given
the similarity of many species, a set of para-
meters was developed that could describe a
Hebeloma, both macroscopically and micro-

scopically. The description of any collection
could then be registered on the database. This
enables the collections to be searched based
on any set of parameters. Thus, for example,
collections with similar properties may be
clustered, the parameters of collections that
fall into the same phylogenetic clades may
be compared, keys may be built, as queries
on the database, which are continually tested
against all the database collections. The
parameters used have been refined from the
character set that various authors (for example
Bruchet 1970, Romagnesi 1965, 1983, Favre
1955, 1960, Boekhout 1982, Smith et al. 1983,
Vesterholt 1995), had developed over a period
of years. Details of morphological analyses
were provided in Beker et al. (2016). These
characters include, but are not restricted to,
pileus and stipe measures, number of full-
length lamellae, presence or absence of cortina
and universal veil, spore measures, including
Q value and other spore characters (perispore
loosening, ornamentation and dextrinoidity)
as well as cheilocystidia shape, defined by
length and width (apex, median and base)
and the corresponding ratios.

Species identification follows Beker et al.
(2016), Cripps et al. (2019) and Grilli et al.
(2020). Beker et al. (2016) lists 84 species of
Hebeloma known to occur in Europe; Grilli et
al. (2020) added another one, H. alpinicola,
described in detail by Cripps et al. (2019).
Barcode identification is achieved through
BLAST (Basic Local Alignment Search Tool)
searches against the Hebeloma sequence
project database (i.e. sequences of collections
in the Hebeloma project database, see Beker
et al. 2016), using the standalone version of
the Basic Local Alignment Search Tool
(BLAST+), version 2.9.0 (NCBI, Bethesda).
All taxa with at least some sequences with at
most 0.5% (1%) p-distance difference to a
query sequence are considered. This corre-
sponds to at most 4 (7) positions with unam-
biguous transitions or transversions in a
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pairwise alignment of Hebeloma full length
ITS sequences. Doubts on species identity
left after sequence analysis are resolved by
morphology and vice versa. Ecology and
habitat are also considered for achieving
species determination.

RESULTS

Table 1 lists the 49 species for which we
have confirmed Norwegian material among
the 296 collections examined. These species
fall into the (sub)sections shown in Table 1.
Here are also numbers of records for each
species given and a herbarium reference for
one of the verified records. The distribution

U. Eberhardt et al.

of these collections is illustrated in Fig. 3.
According to the Norwegian Mycological
Database (NMD, accessed on 31 July 2020)
there are 871 Hebeloma collections in these
herbaria, as shown in Table 2, representing
40 named species. Table 2 is turned into
Table 3 by (a) renaming those species that
have been synonymised with one of the 85
recognised species, and (b) removing those
collections that were named as “sp.” and (c)
removing those names that were deemed not
possible to interpret by Beker et al. (2016).
Table 3 includes 686 collections and 33 species.
The NMD data have four species listed which
are not included in Table 1, i.e. have not been

Sweden

et

using shapefiles from www.gadm.org.

Russia

Baltic Sea

, &S
Figure 3. Collection sites of the 296 Norwegian Hebeloma collections on the Hebeloma project
database. The map was compiled with QGIS v. 3.14.16 ‘Pi’, WGS84/World Mercator, EPSG:3395,
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Table 1. List of species of Hebeloma from the Hebeloma project database, with one example each
of a verified record from Norway given, referred to by the accession code of public collection. # —
number of records in the Hebeloma project database. Species are listed by (sub)section.

Species # Herb. Ref. Species # Herb. Ref.
Denudata — Crustuliniformia Myxocybe
H. aanenii 12 O-F-70069 H. radicosum 1 O-F-305051
H. alpinum O-F-154650 Naviculospora
H. aurantioumbrinum 2 1B 19980462 H. islandicum 2 O-F-73849
H. eburneum 0O-F-256942 H. nanum 1 TRH-F-21146
H. geminatum 14  TROM-F-17325 Pseudoamarescens
H. helodes 9  O-F-248325 H. pseudoamarescens 1 O-F-304836
H. lutense 1 O-F-256945 Sinapizantia
H. pusillum 2 O-F-168159 H. sinapizans 3 0O-F-253839
H. salicicola 2 O-F-253108 Sacchariolentia
Denudata — Clepsydroida H. fusisporum 6 O-F-251542
H. cavipes 11 O-F-256949 H. ischnostylum 3 O-F-256944
H. fragilipes 2 0O-F-256943 H. nauseosum 1 O-F-256946
H. ingratum TROM-F-4752 H. odoratissimum 1 O-F-340667
H. pseudofragilipes 13 0O-F-249615 H. sacchariolens 4 0O-F-253852
H. vaccinum 4  O-F-253033 Theobromina
Denudata — Echinospora H. theobrominum 3 0O-F-75223
H. rostratum 1 O-F-256948 Scabrispora
Denudata — Hiemalia H. birrus 6 0O-F-254038
H. hiemale 30 O-F-253102 H. circinans 9 0O-F-75302
Hebeloma (non-dextrinoid spores) H. laterinum 3 0-F-248253
H. alpinicola 10 TROM-F-26579 H. pumilum 2 O-F-70583
H. dunense 8  0O-F-252381 Scabrispora
H. marginatulum 6 0O-F-73832 H. syrjense 3 O-F-248508
H. mesophaeum 6 TROM-F-8958 Velutipes
H. subtortum 1 O-F-256948 H. celatum 6 O-F-248534
Hebeloma — (dextrinoid spores) H. incarnatulum 9 TROM-F-31436
H. clavulipes 2 O-F-154758 H. leucosarx 15 TROM-F-26556
H. hygrophilum 1  TROM-F-16849 H. subconcolor 1 O-F-154867
H. monticola 16 O-F-75306 H. velutipes 33  O-F-252921
H. nigellum 7  O-F-304988 Total 296
H. oreophilum 0-F-256947
H. sordescens 10 O-F-254041
H. spetsbergense 1 O-F-154755
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Table 2. List of Norwegian Hebeloma records by herbarium according to Norwegian
Mycological database (NMD, accessed 31 July 2020).

Species (0] BG TRH TROM NIBIO Totals
H. alpinum 16 4 20
H. birrus 18 1 1 3 1 24
H. candidipes 1 1
H. cavipes 1 1
H. circinans 14 5 2 21
H. clavulipes 1 1
H. collariatum 23 23
H. crustuliniforme 72 1 8 37 1 119
H. cylindrosporum 1 1
H. dunense | 1
H. fastibile 2 1 1 4
H. fragilipes 2 2
H. fusisporum 1 1
H. helodes 1 1
H. hetieri 1 1
H. hiemale 4 4 8
H. incarnatulum 3 2 1 6
H. laterinum 20 11 1 32
H. longicaudum 14 1 3 42 60
H. marginatulum 6 2 8
H. mesophaeum 118 1 7 36 3 165
H. minus 2 2
H. monticola 11 1 12
H. nigellum 13 3 16
H. perpallidum 1 1
H. polare 6 6
H. populinum 1 1
H. pseudoamarescens 1 2 8
H. punctatum 1 1
H. pusillum 21 4 9 34
H. radicosum 8 1 9
H. sacchariolens 27 1 28
H. sarcophyllum 1 1
H. sinapizans 32 3 2 37
H. sordescens 16 3 1 20
H. subconcolor | 1
H. syrjense 7 2 9
H. theobrominum 21 1 22
H. velutipes 41 2 43
H. versipelle 1 1 2
Hebeloma sp. 75 7 8 28 118
Totals 603 12 72 177 7 871
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verified during this study; they
are marked with an * in Table
3 and will be discussed further
below.

The Global Biodiversity In-
formation Facility (GBIF.org,
accessed 14 Sept. 2020) also
provides information  with
regard to records of Hebeloma in
Norway. Table 4 summarises
those collections which are un-
vouchered observations. Table 4
lists the species names encoun-
tered, followed by the number
of records. Table 5 is generated
from the renaming of those
names synonymised and the
removal of those not unambig-
uously interpretable; this has
1054 records and 28 species.
Table 5 includes just one species
which is not included within
the check list generated by this
study (Table 1), namely H.
crustuliniforme.  Additionally,
GBIF lists two further species
for Norway that are not included
in the NMD database and are
not included in our check list:
H. anthracophilum with a
voucher at BG and H. querce-
torum with an extracted DNA
sample in the NHMO DNA
Bank at the Natural History
Museum in Oslo and a voucher
at the herbarium (O).

As mentioned above, the
NMD data had four species listed
which are not included in Table
1, i.e. have not been verified
during this study and on GBIF
we found three species not

verified during this study, one of which over-
lapped with the NMD data. These six species

Table 3. List of Norwegian Hebeloma records by herbarium

according

to Norwegian

Mycological

database (NMD,

accessed 31 July 2020) after removal of dubious names and
applying synonyms. * indicates species that have not been
verified within this study.

Species O BG TRH TROM NIBIO
H. alpinum 16 4

H. birrus 18 1 1 3 1
H. cavipes 1

H. circinans 14 5 2

H. clavulipes 1 1

H. crustuliniforme* 72 1 8 37 1
H. cylindrosporum 1

H. dunense 24

H. eburneum 1

H. fragilipes 2

H. fusisporum 1

H. helodes 1

H. hiemale 4 4

H. incarnatulum 3 2 1

H. laterinum 20 11 1

H. marginatulum 12 2

H. mesophaeum 118 1 7 36 3
H. minus* 2

H. monticola 11 1

H. nigellum 13 3

H. odoratissimum 1

H. populinum* 1

H. pseudoamarescens 1 2 5

H. pusillum 21 4 9

H. radicosum 8 1

H. sacchariolens 27 1

H. sarcophyllum* 1

H. sinapizans 32 3 2

H. sordescens 16 3 1

H. subconcolor 1

H. syrjense 7 2

H. theobrominum 21 1

H. velutipes 41 2
Totals 512 4 59 104 7

are: H. anthracophilum, H. crustuliniforme,
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H. minus, H. populinum, H. quercetorum and
H. sarcophyllum, and will be discussed below.
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Table 4. List of Norwegian Hebeloma observation records according to Global Biodiversity Information
Facility (GBIF.org (14 September 2020) GBIF Occurrence Download https://doi.org/10.15468/dl.62j64).

Species # Records Species # Records
H. alpinum 9 H. marginatulum 1
H. birrus 14 H. mesophaeum 215
H. cavipes 5 H. monticola 5
H. circinans 20 H. nigellum 10
H. collariatum 1 H. pseudoamarescens

H. crustuliniforme 346 H. pseudofragilipes 5
H. dunense 2 H. pusillum 12
H. fragilipes 1 H. radicosum 7
H. fusisporum 1 H. sacchariolens 21
H. geminatum 2 H. sinapizans 108
H. gigaspermum 1 H. sordescens 8
H. helodes 8 H. syrjense 3
H. hiemale 20 H. theobrominum 36
H. incarnatulum 43 Hebeloma sp. 76
H. laterinum 88

H. leucosarx 61 Total 1130

Table 6 lists in order of frequency the 15
species with most records on the NMD data-
base, the GBIF observations database and the
Hebeloma project data, respectively.

UNITE and GenBank include 23 ITS
sequences from mainland Norway that refer
to material we have not seen. Of these, two
did not produce clear BLAST results owing
to quality reasons. The remaining sequences
were not unambiguously identifiable based
on the sequences alone, but all had matches
with species that are confirmed for Norway.

DISCUSSION

Species confirmed for Norway

Given the huge disagreement with regard to
species interpretations and limits in the past,
we believe that, at this point, it is better to
depend on records that have been verified
according to the species delimitations esta-
blished in Beker et al. (2016) rather than risk
misinformation through using records where

the determiner may have had a different
species concept in mind. Thus, here we list
only species that have been confirmed by us.
Full descriptions of 48 species confirmed for
Norway can be found in Beker et al. (2016).
Descriptions of H. alpinicola can be found in
Cripps et al. (2019) and Grilli et al. (2020).
There are sixteen species from Hebeloma
sect. Denudata, confirmed in Norway.
Determination of the correct subsection is
based on the properties of the spores and the
cheilocystidia (for full descriptions and a
dichotomous key, see Beker et al. 2016).
Strongly ornamented, very dextrinoid
spores, with the perispore loosening around
almost every spore, indicates the species is
from H. subsect. Echinospora, named to
emphasise the very warty spores that charac-
terise this section. To date, the only species
from this subsection that has been verified
within Norway is H. rostratum. The only
confusion might occur with H. vaccinum, the
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Table 5. List of Norwegian Hebeloma observation records according to Global Biodiversity Information
Facility (GBIF.org (14 September 2020) GBIF Occurrence Download https://doi.org/10.15468/dl.e62j64)
after removal of dubious names and applying synonyms following Beker et al. (2016). * indicates

species that have not been verified within this study.

Species # Records Species # Records
H. alpinum 9 H. mesophaeum 215
H. birrus 14 H. monticola 5
H. cavipes 5 H. nauseosum 1
H. circinans 20 H. nigellum 10
H. crustuliniforme* 346 H. pseudoamarescens 1
H. dunense 3 H. pseudofragilipes 5
H. fragilipes 1 H. pusillum 12
H. fusisporum 1 H. radicosum 7
H. geminatum 2 H. sacchariolens 21
H. helodes 8 H. sinapizans 108
H. hiemale 20 H. sordescens 8
H. incarnatulum 43 H. syrjense 3
H. laterinum 88 H. theobrominum 36
H. leucosarx 61

H. marginatulum 1 Total 1054

spores of which are also rather dextrinoid but
not as strongly warty as those of members of
H. subsect. Echinospora. In addition, in H.
vaccinum, although some spores do have a
clearly and strongly loosening perispore, this
does not occur on almost all spores.

Hebeloma subsect. Crustuliniformia s
characterised by the cheilocystidia that are
clavate to capitate at the apex but little swollen
in their basal part. This subsection has nine
confirmed species in Norway. Four of these
(H. aanenii, H. alpinum, H. eburneum, H.
geminatum) are representatives of the alpinum-
complex, a set of five species molecularly
very closely related. Hebeloma aurantioum-
brinum and H. helodes are also closely related
species. Hebeloma aurantioumbrinum is
restricted to alpine and arctic regions. The
two are easily distinguished, macroscopically
by the colour of the pileus (orange-brown for
H. aurantioumbrinum and pale cream to
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whitish for H. helodes) and microscopically by
the conspicuous wall thickening of the apex
of the cheilocystidia in H. helodes, which is
absent for H. aurantioumbrinum. Hebeloma
lutense, H. pusillum and H. salicicola, all
appear to be confined to Salicaceae as ecto-
mycorrhizal partner. Hebeloma lutense has a
bicoloured pileus, significantly darker in the
centre and characteristic sinuous cheilocystidia
with a rather narrow apex. Hebeloma pusillum
is also bicoloured but has far smaller basid-
iomes. The only confusion may be with H.
luteicystidiatum, not yet recorded for Norway.
Hebeloma salicicola, also bicoloured, is
most common in dunes and arctic habitats.

Hebeloma subsects. Hiemalia and Clepsy-
droida both have cheilocystidia that are clearly
and consistently swollen in their basal part.
In Norway, five members of H. subsect.
Clepsydroida are confirmed. Hebeloma cavipes
and H. vaccinum are molecularly very close,
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Table 6. The 15 most frequently recorded Hebeloma species in Norway according to NMD, GBIF.org
and the Hebeloma project Database, the number of records (#) and percentages of total number

of records in the respective dataset (%).

NMD (686 collections) GBIF (1054 observations) Hebeloma project

(296 collections)
Species # % Species # % Species # %
H. mesophaeum 165 24 H. crustuliniforme 346 33 H. velutipes 33 11
H. crustuliniforme 119 17 H. mesophaeum 215 20 H. hiemale 30 10
H. velutipes 43 6 H. sinapizans 108 10 H. monticola 16 5
H. sinapizans 37 5 H. laterinum 88 8 H. leucosarx 15 5
H. pusillum 34 5 H. leucosarx 61 6 H. geminatum 14 5
H. laterinum 32 5 H. incarnatulum 43 4 H. pseudofragilipes 13 4
H. sacchariolens 28 4 H. theobrominum 36 3 H. aanenii 12 4
H. birrus 24 3 H. sacchariolens 21 2 H. cavipes 11 4
H. dunense 24 3 H. circinans 20 2 H. alpinicola 10 3
H. theobrominum 22 3 H. hiemale 20 2 H. sordescens 10 3
H. circinans 14 3 H. birrus 14 1 H. alpinum 9 3
H. alpinum 16 3 H. pusillum 12 1 H. circinans 9 3
H. sordescens 16 3 H. nigellum 10 1 H. helodes 9 3
H. nigellum 13 2 H. alpinum 9 1 H. incarnatulum 9 3
H. marginatulum 12 2 H. helodes 8 1 H. dunense 8 3

indeed their ITS sequences are indistinguish-
able. But H. vaccinum normally has larger,
less fusoid spores with a more conspicuous
loosening perispore. Tefla is the most con-
sistent locus to separate these taxa (Beker et
al. 2016, Eberhardt et al. 2016). Hebeloma
fragilipes, H. ingratum and H. pseudofragilipes,
all present in Norway, form the fragilipes-
complex. Hebeloma ingratum is easily
separated from the other two taxa with its
distinctly coloured pileus and smaller spores.
The separation of the other two taxa, both
with very pale whitish to yellowish pilei, is
rather more difficult. Generally, if the ratio of
the average apical width of the cheilocystidia
and the average basal width of the cheilocy-
stidia is at least 1.4 this indicates H. fragilipes;
the mitochondrial locus V6 will distinguish

these two species reliably, (Beker et al. 2016,
Eberhardt et al. 2016).

Hebeloma subsect. Hiemalia, with just one
species (H. hiemale, present in Norway) has
indextrinoid spores with low ornamentation
and always has some brown or buff tones in
the pileus.

With regard to the 33 species confirmed
from Norway and outside H. sect. Denudata,
H. sects. Myxocybe, Pseudoamarescens,
Sinapizantia, Syrjense and Theobromina each
contain just a single species, so determination
to section is equivalent to determination to
species.

Hebeloma sect. Velutipes has five repre-
sentatives recorded so far in Norway. Four of
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these species (H. incarnatulum, H. leucosarx,
H. subconcolor, H. velutipes) belong to the
velutipes-complex. Hebeloma celatum, also
confirmed in Norway, is distinguished from
the members of the velutipes-complex by
having a far bigger proportion of ventricose
cheilocystidia, resulting in a ratio of average
basal width to average median width greater
than 1.35 (always lower for members of the
velutipes-complex). Within the velutipes-
complex H. subconcolor is readily separable
given its alpine/arctic habitat and the number
of full-length lamellae, at most 32. Hebeloma
incarnatulum 1is usually recognisable in the
field, growing in association with conifers
and usually deeply embedded in Sphagnum
moss. Its slender appearance, an almost conical
pileus and a bulbous base are good characters.
Microscopically, the slender cheilocystidia
with average width at the apex less than 6.5 um,
will distinguish this taxon from the other
members of this complex. Separating H. leuco-
sarx and H. velutipes is rather more difficult
as microscopically they are very similar.
However, macroscopically the slenderer
appearance of H. leucosarx together with the
much darker brown pileus usually allow these
two taxa to be separated, even in the field.

Hebeloma sect. Scabrispora has four repre-
sentatives known to exist in Norway. The
strongly and consistently loosening perispore
separates H. birrus and H. pumilum from H.
circinans and H. laterinum. The first two can
then be separated from each other on spore
size. The H. pumilum average spore length is
always less than 9 um, while H. birrus has an
average spore length between 9 pm and 11 pm
(and H. anthracophilum which also has a
consistently loosening perispore has average
spore length at least 11 um, not yet confirmed
from Norway). Hebeloma circinans and H.
laterinum may be separated by counting the
number of full-length lamellae; the former
never has more than 65, while the latter always
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has in excess of 65. Hebeloma laterinum also
has a stipe that discolours strongly when
bruised or dried.

There are two species from H. sect. Navi-
culospora confirmed in Norway: H. islandicum
and H. nanum. Distinguishing these two
species is straightforward. Hebeloma nanum
is commonly found in boreal coniferous
woodland, with sandy soil following a burn
while H. islandicum grows in more arctic-
alpine habitats, usually with Salix. Also, they
have very different spores and cheilocystidia.
At the time of the monograph by Beker et al.
(2016), the authors had seen only a single
collection of H. islandicum. Since that time a
number of collections have been discovered,
including these two from Norway.

Weholt (1985) provided a first overview
of H. sect. Sacchariolentia in Norway. Based
on modern species concepts, within Norway,
there are verified records of all five recognised
European members of the section (Beker et al.
2016). The key to these species is primarily
based on spore size and detailed in Beker et
al. (2016).

Vesterholt and Weholt (1985) gave an over-
view of the state of knowledge of H. sect.
Hebeloma in Scandinavia at the time. Within
the section there are now twelve species con-
firmed within Norway. These can be separated
into two groups. The first group, containing
H. alpinicola, H. dunense, H. marginatulum,
H. mesophaeum and H. subtortum, all have
mainly non-dextrinoid ellipsoid to ovoid spores.
For three of these species (H. alpinicola, H.
mesophaeum and H. subtortum) the average
spore size is generally less than 10 x 6 pm.
Hebeloma subtortum can be distinguished
from the other two species as it always has
more than 50 full-length lamellae, while the
others never have that many lamellae. With
regard to separating H. mesophaeum and H.
alpinicola the situation is more difficult.
Hebeloma alpinicola was described by Smith
et al. (1983) from northern America. This
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species appears relatively common in sub-
alpine and subarctic habitats as well as arctic
and alpine habitats. It was only recently
acknowledged that this species can also occur
in Europe in similar habitats (Grilli et al. 2020).
In such situations it may easily be confused
with H. mesophaeum. It is now evident that
in Beker et al (2016) these two species were
confused. They are clearly very closely related
although an ITS sequence will usually provide
separation (Cripps et al. 2019). Hebeloma
dunense and H. marginatulum are another
pair of closely related species. The latter is
restricted to arctic and alpine habitats, but the
former can also occur in these habitats. While
morphological separation based on spore
morphology is usually possible, an ITS
sequence is a more reliable way of separating
these two taxa (Beker et al. 2016, Cripps et
al. 2019).

The second group of this section (H. clavu-
lipes, H. hygrophilum, H. monticola, H. nigel-
lum, H. oreophilum, H. sordescens and H.
spetsbergense) all have mainly amygdaloid,
distinctly dextrinoid spores. Hebeloma sor-
descens does not occur in arctic or alpine
habitats and is usually recognisable by the
blackening of the stipe that almost always
occurs on drying. Hebeloma monticola
appears to prefer subalpine, subarctic habitats
and always has at least 50 full-length lamellae.
Hebeloma clavulipes and H. oreophilum both
have between 36 and 50 full-length lamellae;
the latter having larger spores and being
restricted to alpine and arctic habitats; neither
of them is well represented in our sample.
Hebeloma hygrophilum, H. nigellum and H.
spetsbergense all exhibit at most 36 full-
length lamellae. Hebeloma nigellum and H.
spetsbergense can both be found in alpine
and arctic habitats but the latter has signifi-
cantly larger spores. When H. nigellum
occurs in habitats that are more subalpine or
subarctic then it may be confused with H.
hygrophilum, but the latter has smaller spores.

U. Eberhardt et al.

Further details to separate all these taxa
and detailed keys can be found in Beker et al.
(2016).

Species allegedly occurring in Norway
These are the six species that are listed in the
NMD database or by GBIF that are not con-
firmed, i.e. which could not be verified by
collections. These are:

Hebeloma anthracophilum: According to
GBIF, there is one collection recorded, namely
BG-F-1096 (collected by D.O. @vstedal on
14 Aug. 1992 near Lygra in Vestland. Unfortu-
nately, this collection appears to have been
lost and hence cannot be verified.

Hebeloma crustuliniforme: This species is
one of the most often recorded Hebeloma
species worldwide (GBIF, accessed 31 July
2020), and certainly this is true for Norway, as
evidenced in Tables 2 and 4. As described in
Eberhardt et al. (2015), the crustuliniforme-
complex comprises five closely related species
from H. sect. Denudata subsect. Crustulini-
formia that have long been confused. Indeed,
given the chaos surrounding species delimi-
tation within the genus, numerous different
taxa have, in the past, been referred to H.
crustuliniforme. Weholt examined a further
approx. 100 collections labelled H. crustulini-
forme morphologically (a subset of the speci-
mens at O and all available at TROM), without
finding any true member of this species. During
this study more than 20 collections labelled
H. crustuliniforme, from various Norwegian
herbaria, have been studied and sequenced.
Most collections sequenced were either H.
geminatum or H. velutipes. Thus far not a
single specimen representing H. crustulini-
forme has been discovered, although it might
be expected that H. crustuliniforme would be
present in Norway.

Hebeloma minus: The two collections
present on GBIF are O-F-154755 (collected
by J. Stordal on 5 Sep. 1981 near Qyer: Qvre
Moksjo) and O-F-243280 (recorded by G.
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Stromsee, @. Weholt, B. Sunde, 1.-L.. Walter on
19 Aug. 2011 in Ser-Varanger: near Skruk-
kebukta Fjellheim on roadside gravel). The
first of these is now confirmed as H. spets-
bergense and the second as H. nigellum. Hence
there is no confirmed record for H. minus.

Hebeloma populinum: There is one collec-
tion on GBIF: O-F-70069 (collected by G.
Gulden on 23 Sep. 1994 near Ryggsetra, Viken
in an unfertilized hay meadow on lime, 5-10 m
from Betula, Populus, Salix and Alnus). This
collection has been studied and confirmed as
H. aanenii; thus, there is no confirmed col-
lection of H. populinum for Norway.

Hebeloma quercetorum: This single record
refers to a DNA sample held at the NHMO
DNA Bank Fungi and Lichens collection,
based on material collected near Botnermyr
in Ostfold by E.W. Hanssen and R. Braathen
on 22 Aug. 2008, for which a voucher is kept
at O with accession number O-F-287257. This
collection has been examined and is confirmed
as H. hiemale. It would be unlikely that H.
quercetorum would exist in Norway, as it is a
southern European species and from data of
81 records, all collections were at latitudes
below 45°N. The closely related H. celatum
has been recorded in Norway at latitudes up
to 69°N.

Hebeloma sarcophyllum: There is one col-
lection on the NMD: O-F-175051 (collected
by P. Marstad on 11 Jul. 1998 near Kjellelia,
Vestfold and Telemark with Quercus, on a urea
plot). Hebeloma sarcophyllum was originally
described as Agaricus sarcophyllus by Peck
(1873) and, to date, there are no verified
collections for this taxon in Europe (Beker et
al. 2016, Eberhardt et al. 2020). Hebeloma
sarcophyllum belongs to H. sect. Porphyro-
spora which is characterised by lamellae that
turn pink to reddish-brown, as the spores
mature, and a spore print that is reddish-
brown when fresh, albeit the redness disap-
pears with age. Hebeloma sarcophyllum is
unusual, being the only known member of
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this section in northern America. The closely
related H. porphyrosporum is the only member
of this section known in Europe. For many
years it was believed that these two taxa were
conspecific; it is now clear that they are not.
Hebeloma porphyrosporum 1is primarily known
from southern Europe and the most northerly
verified record is from approximately 49°N in
France (Beker et al. 2016). Collection O-F-
175051 has been examined and confirmed as
representing H. birrus.

Critical comparison of databases examined
Considering the figures for the species most
commonly recorded in different databases
(Table 6), at first glance it appears that there is
quite good correlation between the NMD and
GBIF databases, but little similarity with the
Hebeloma project database. Focusing first on
the NMD and GBIF databases, the two most
recorded species are H. crustuliniforme and
H. mesophaeum in both cases accounting for
more than 40% of records (53% in the case of
the GBIF Observations database). In practice,
based on many man-years of experience
examining Hebeloma collections, and because
of the historical problems of delimiting species,
these two taxa were the ‘buckets’ for collect-
ions with large, pale basidiomes with drops on
the lamellae, and smallish basidiomes with
veils, respectively. In the case of H. crustulini-
forme, based on our examination of herbarium
material and collections sent to us, this could
represent some 15 different taxa! The NMD
database has the common H. velutipes high on
its list, but H. leucosarx is not featured at all;
for the GBIF database it is the reverse situation.
Until the publication of the Hebeloma mono-
graph (Beker et al. 2016), there was much
confusion between these two species and for a
time they were regarded as synonyms. Looking
further down the list, it must be noted that
species like Hebeloma alpinum, H. circinans,
H. incarnatulum, H. laterinum, H. pusillum,
H. sinapizans, H. sordescens and H. theobrom-
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Table 7. Species of Hebeloma not yet confirmed in Norway, listed by (sub)section: °primarily from

southern Europe, *primarily arctic-alpine, "may be present in Norway.

Denudata —Crustuliniformia
H. crustuliniforme”

H. louiseae*
H. luteicystidiatum"

H. minus*

H. pallidolabiatum*

H. perexiguum*
Denudata — Clepsydroida
H. ammophilum®

H. laetitiae®

H. limbatum®

Duracinus
H. duracinoides®

Hebeloma (non-dextrinoid
spores)

H. cistophilum®

H. psammophilum"

H. pubescens*

Hebeloma (dextrinoid spores)

H. fuscatum*

H. grandisporum*

Naviculospora

Sinapizantia
H. bulbiferum®

Theobromina
H. alboerumpens®

H. erumpens®

H. griseopruinatum®
H. parvicystidiatum®
H. plesiocistum®

H. vesterholtii®
Scabrispora

H. anthracophilum"

H. matritense®
Denudata — Echinospora
H. echinosporum"

H. populinum”

inum will tend to be recorded more often
because they are easier to identify and H.
sacchariolens is the ‘bucket’ for all collections
with the ‘sacchariolens smell’.

With regard to our database, as already
discussed, H. crustuliniforme remains elusive,
and certainly is not common in Norway;
indeed, as explained below, Norway may be
beyond the northern limit for this species.
Hebeloma mesophaeum 1is probably rather
more common than would appear to be the
case from our database, but is probably
rarely referred for confirmation of identity.
Hebeloma aanenii and H. geminatum are both
members of the crustuliniforme-complex and
would most likely, in the past, have been
recorded as H. crustuliniforme. Hebeloma
cavipes is a common, ubiquitous species that
in the past was also probably lumped in with
H. crustuliniforme and rarely recorded in its
own right.

H. catalaunicum®
H. naviculospora"
Porphyrospora

H. porphyrosporum®

H. cylindrosporum”
H. danicum”

H. lindae®

H. melleum"”

Species of Hebeloma not yet recorded in
Norway

There are 36 species recognised in Europe
but not yet recorded in Norway; these are
listed, by section, in (Table 7). Seventeen of
these species, marked with a © in Table 7 are
species primarily from southern Europe (some
of which are normally associated with Cistus);
the most northerly records for any of these
taxa are for H. vesterholtii in Denmark at
approximately 55°N. It would be surprising to
find any of these species growing naturally in
Norway. Of the remaining nineteen species,
seven (marked with an * in Table 7) are
primarily arctic/alpine species (although some
may occur rarely in subarctic or subalpine
habitats) and might exist in Norway at high
altitude; photographs may be found in Beker
et al. (2016). The remaining twelve species
(marked with a " in Table 7) are likely to occur
in Norway, in the right habitat, although some,
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Figure 5. Hebeloma echinosporum holotype BR BR-MYCO174907-16 (HJB13524). Photo: H.J.
Beker 2010.
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Figure 6. Hebeloma populinum EG-091116.02 (HJIB16492). Photo: M

Figure 7. Hebeloma luteicystidiatum holotype BR BR-MYCO166233-72 (HJB11837). Photo: P.
Derboven 2006.
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Figure 8. Hebeloma crustuliniforme HJB14077. Photo: H.J. Beker 2011.

Figure 9. Hebeloma erebium HJB12624. Photo: H.J. Beker 2008.
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Figure 11. Hebeloma naviculosporum LB11081701 (HJB14211). Photo: L. Ballester 2011.
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Figure 12. Hebeloma anthracophilum HJB13673. Photo: H.J. Beker 2010.
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as described below, may have their current
northern limits south of mainland Norway.
Photographs of these 12 species are given in
Figs. 4-15. We give a brief commentary of
these twelve non arctic/alpine species below;
full descriptions can be found in Beker et al.
(2016).

Hebeloma section Hebeloma — Hebeloma
psammophilum (Fig. 4): This is a sand dune
species that appears to be quite uncommon.
Currently, verified records only exist from
Denmark, France and Wales. It normally grows
in the shifting sands in the dunes (not from the
pans), usually with the stipe deeply buried in
sand and often with a sand ball around the
base of the stipe giving the appearance of a
bulbous base. Existing records have either
pine or Salix repens as the most likely host.
This species is most likely to be confused with
H. dunense, but the latter is far more slender,
has a discolouring stipe and less than 50 full
length lamellae, whereas H. psammophilum is
far more robust (stipe width at least 8 mm), the

Figure 14. Hebeloma danicum 7381F (HJB10807). Photo: J. Vauras 1992.

U. Eberhardt et al.

stipe does not significantly discolour and the
number of full-length lamellae is at least 50.
Confusion, in the field at least, may also occur
with H. ammophilum, but this has totally
different spores and cheilocystidia, and appears
to be primarily a Southern European species.
See Beker et al. (2016).

Hebeloma section Denudata — Hebeloma
echinosporum (Fig. 5). This taxon is known
only from the type collection and, hence, it is
difficult to be sure of the species delimitation.
The single collection was from a deciduous
woodland near Boulogne in France. The
strongly dextrinoid, very warty spores, with
the perispore loosening in a conspicuous
fashion for almost every spore, place this
species within H. subsect. Echinospora. It can
be distinguished from H. rostratum, known to
occur in Norway, on the apical width of the
cheilocystidia and from H. populinum based
on the spore size. See Beker et al. (2016) and
Eberhardt et al. (2016).
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Hebeloma populinum (Fig. 6), like H.
echinosporum is also from H. subsect. Echino-
spora and hence also has strongly dextrinoid,
very warty spores, with the perispore loosen-
ing in a conspicuous fashion for almost every
spore. It can be separated from other members
of the section based on the spore size and the
apical width of the cheilocystidia. The most
northerly verified record of this taxon, to date,
is at 55°N, so it is possible that this species
as well as H. echinosporum do not occur as
far north as Norway. See Beker et al. (2016)
and Eberhardt et al. (2016). As mentioned
above, the single collection found on the data-
bases we explored, with this name, turned
out to be H. aanenii.

Hebeloma luteicystidiatum (Fig. 7). All
records of this rarely recorded species are
from wet boggy areas in association with Salix.
The small stature of the basidiomes means it
is likely to have often been overlooked. In
the field, it is most likely to be confused with

Figure 15. Hebeloma melleum 1B 19920061 (HJB 11592). Reproduced from Moser and Julich

(1998) by M. Candusso 2016.

H. pusillum. However, microscopically it is
easily distinguished from H. pusillum by the
apical thickening of the cheilocystidium, often
looking yellow under the light microscope,
which does not occur with H. pusillum. The
spores are also differently shaped. See Eberhardt
et al. (2015), Beker et al. (2016) and Grilli et
al. (2020).

Hebeloma crustuliniforme (Fig. 8 and
above). A member of the crustuliniformecom-
plex, H. crustuliniforme is relatively easy to
identify, owing to the epitypification by Vester-
holt et al. (2014). It always has at least 60 full-
length lamellae, the average spore size is usu-
ally greater than 11 x 6 pm and the average
apical width of the cheilocystidia is less than
8 um. Within more than 110 verified collec-
tions on the Hebeloma project database the
most northerly are from Denmark at c. 56°N,
so it is possible that this taxon does not exist
in Norway. See also Eberhardt et al. (2015),
Beker et al. (2016) and Grilli et al. (2020).
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Hebeloma section Velutipes — Hebeloma
erebium (Fig. 9). A member of the quercetorum-
complex, this species appears widespread, but
uncommon, across Northern Europe at latitudes
between 48°N and 59°N. The most northerly
records are from Estonia so it may well be
present in the south of Norway. It has a
preference for base-rich soils in deciduous
woodland (usually Fagaceae but there exist
records with other deciduous trees); the holo-
type was collected in a dune. It can be distin-
guished from H. celatum through its less
robust basidiomes. As discussed above, the
third member of this complex, H. quercetorum,
is unlikely to exist as far north as Norway.
See Grilli et al. (2016) and Beker et al. (2016).

Hebeloma aestivale (Fig. 10). This is
another taxon which may have its northerly
boundary south of Norway. Among 72 verified
collections, the most northerly is in Denmark
at approx. 57°N. Hebeloma aestivale with its
long slender cheilocystidia and its strongly
ornamented and strongly dextrinoid spores
with a strongly loosening perispore make this
species readily distinguishable. See Grilli et
al. (2016, 2020) and Beker et al. (2016).

Hebeloma section Naviculospora —
Hebeloma naviculosporum (Fig. 11). This
species favours base-poor soils, often grassy,
near the edge of conifer woodland. Although
uncommon, it is widespread across Europe in
subalpine habitats. It is easy to recognise,
macroscopically from the orange-brown pileus
and microscopically through the navicular
spores with an average spore Q (length to
width ratio) over 2.1. While macroscopically
it may resemble H. nanum, the latter has
spores that are smaller and with a smaller
average Q. See Beker et al. (2016).

Hebeloma section Scabrispora — Hebeloma
anthracophilum (Fig. 12). This species
always occurs on burnt ground. It is closely
related to H. birrus and H. pumilum, both of

U. Eberhardt et al.

which occur in Norway. It is separated from
these other two taxa based on spore size, as
discussed above. At present, the most northerly
verified collection is from England at 54°N. So,
it is possible that it does not occur in Norway.
See Beker et al. (2016) and Grilli et al. (2020).
Again, as discussed above, a record with this
name does exist but the material appears to
be lost, so this species remains unconfirmed
for Norway.

Hebeloma cylindrosporum (Fig. 13). This
species is easy to distinguish based on its
cylindrical, strongly dextrinoid spores. A
single record of this taxon existed on the data-
bases we explored, and this collection turned
out to be H. nanum. The material described by
Weholt (1983) from Kirkey Island, collected
by the author 10 Oct. 1982, allows the con-
clusion that the species is present in Norway.
However, this material is lost, and, since no
voucher material exists, we must include this
species among those unconfirmed for Norway.

Hebeloma danicum (Fig. 14). This taxon is
normally deeply and conspicuously rooting
and usually has conspicuous veil remnants on
the stipe. Microscopically, the spore characters
distinguish the species from others within H.
sect. Scabrispora. There do exist verified
collections from Finland, in excess of 60°N.
See Beker et al. (2016) and Grilli et al. (2020).

Hebeloma melleum (Fig. 15). The single
collection of this taxon, on which the
description was based, was from a subalpine
area in Austria with conifer. It is similar to
H. pumilum, from which it can be separated,
macroscopically by the more honey, saffron
yellow coloured pileus and microscopically by
its longer spores. Recently, a second collection
of this species has been discovered in Finland
at over 62°N, so this species may well be
present in Norway.

CONCLUSION
Of the 85 species of Hebeloma known to
occur in Europe, 49 are confirmed as being

AGARICA vol. 42

27



U. Eberhardt et al.

present within mainland Norway. It appears
that the most common species in Norway are
H. velutipes and H. hiemale, while the presence
of most of the European species known to
have a preference for boreal woodland are
confirmed as present in Norway. Of the 36
species not recorded within Norway, 17 are
only known from Southern Europe, some of
them in association with Cistus. Seven species
are normally restricted to arctic or alpine
habitats (or very rarely in subalpine/subarctic
habitats) so might occur in alpine habitats in
Norway. The remaining 12 taxa could well
exist in Norway, although some of these
currently have no confirmed records above
56°N.
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SAMMENDRAG

Basert pa fylogenetiske analyser og morfologi
er den nye arten Psathyrella confundens
beskrevet. Det er sa langt kjent fra Frankrike,
Tyskland og Sverige. Den tvetydige bruken
av navnet Drosophila albidula blir diskutert.
Arten gjenkjennes av sma basidiomata,
sparsomt sler, spisse cystidier, store sporer
og et fuktig habitat. Karakterer som skiller
den fra neert beslektede arter er gitt.

ABSTRACT

Based on phylogenetic analyses and morpho-
logy the new species Psathyrella confundens
is described. It is so far known from France,

Germany and Sweden. The ambiguous use of
the name Drosophila albidula is discussed. The
species is recognised by small basidiomata,
scanty veil, acute cystidia, large spores, and a
moist habitat. Separating characters of closely
related species are given.

INTRODUCTION

Romagnesi (1952) gave the diagnosis of
Drosophila albidula Romagn. without descript-
ion: ‘Drosophila albidula nom. nov. (= Ps.
subatomata Lange nec Karsten)’ (Table 1).
Kiihner and Romagnesi (1953) provided a
short description of Drosophila albidula (=
Psathyrella potteri A.H. Sm.) with 13-16 x
7-8 um large spores and a habitat ‘on wilted
grasses’. The cap was 5-20 mm broad and
‘at first dull ochre brown or pale brownish’.
Nothing was said about striation. According
to Lange (1940) his Psathyra subatomata
JEE. Lange (= Psathyrella potteri) was
characterized by small basidiomata, pale
ochre clay cap without striations. The gills
were broadly adnate with white edge and the
spores were given to 14—-15.5 x 7.5 um. The
species grew on naked ground in stack-yard
among rotten straw. Kiihner and Romagnesi
(1953) recognised Drosophila atomata ss. Bres.
and D. albidula as two separate species, both
in our view conspecific with Psathyrella
potteri.

On our request Romagnesi sent on loan
what he called the type of Drosophila albidula,
collected in 1940 ‘on muddy soil of a shady
path’, herbarium number 233°. The material
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was in a bad condition. The gill edge was
collapsed and it was only possible to discern
the shape and size of the cystidia. The spores
measured 12-13.2 x 5.8-7.2 um, compared
with 13-16 x 7-8 pm given by Kiihner and
Romagnesi (1953) for their D. albidula, thus an
indication of two different taxa. Romagnesi
(1975) gave a complete description of D.
albidula with ‘barely chocolate brown’ cap
when young, 11.5-14.7 x 6.7-7.5 um large
spores, and a white gill edge. It is likely to
believe that Drosophila albidula sensu
Romagnesi 1975 represents D. albidula sensu
Romagnesi 1952 (= coll. 233 above) while
D. albidula sensu Kiihner and Romagnesi
(1953) most certainly is identical with
Psathyrella atomata sensu Romagnesi 1975 (=
Psathyrella potteri). Romagnesi (1975: 215)
admits that collections of Drosophila
albidula, not the ones based on the
description from 1953, incorrectly were
determined to D. atomata sensu Bres.

The validly published name Psathyra sub-
atomata (Lange 1940) is not a later homonym
of Psathyrella subatomata P. Karst. (Karsten,
1885). Romagnesi (1952) created the super-
fluous but legitimate name Drosophila
albidula to replace Psathyra subatomata. He
should have combined the epithet subatomata
in Drosophila. Psathyrella albidula (Romagn.)
n. ¢. made by Moser (1967) should not be
considered as a new combination but as the
new name Psathyrella albidula M.M. Moser
nom. nov. The type goes back via Drosophila
albidula Romagn. to Lange’s material of
Psathyra subatomata. The names Drosophila
albidula Romagn., 1952, Psathyrella albidula
M.M. Moser, 1967 and Psathyrella prona f.
albidula (M.M. Moser) Kits van Wav., 1972,
are all nomenclatural synonyms to Psathyra
subatomata J.E. Lange, 1940. From a taxo-
nomical point of view Psathyrella albidula
sensu Moser is a misapplication lacking Latin
diagnosis and type. The greater part of the
text above is written in collaboration with

32

professor Nils Lundqvist who thought that
the epithet confundens would be a suitable
name for a new species.

In the large molecular phylogenetic study
of psathyrelloid species (Orstadius et al. 2015)
a collection of the new species was included,
named Psathyrella sp L0O312-92. In the
phylogenetic analyses it came out as a distinct
species together with P. orbitarum (Romagn.)
M.M. Moser in the /prona clade. Due to the
taxonomical confusion around the species
name it was not further dealt with in that study.

MATERIALS AND METHODS
Colour names follow the Munsell soil colour
charts (Munsell 1975), cited as Mu. in the text.
Micromorphological  characters  were
observed using a Nikon Eclipse E200 light
microscope equipped with phase contrast.
Digital images were recorded with a Nikon
Infinity 2 camera. For each collection, 10 to
20 mature spores were measured in water at
%1.000 magnification. Abnormally large or
small spores were not considered. Other
microscopic characters were studied in a 10 %
NH4OH solution and measured to nearest
micron. To observe the hymenial cystidia, a
complete lamella was cut off with a razor
blade and soaked for a while. The gill edge
was removed in order to check the cheilo-
cystidia. The middle portion of the gill was
cut out, crush-mounted, and pleurocystidia,
basidia, subhymenium, and hymenophoral
trama studied. The layers of the pileus were
observed halfway from the margin by cutting
tangential to the pileus, called a ‘scalp’. The
presence of clamps were checked. As for the
shape of spores and cystidia the terminology
of Vellinga (1988) was followed. Spores were
mounted in a solution of ammonia before
capturing digital images. Scale bars in figures
of spores and cystidia represent 10 um while
scale bar in figure of basidioma represents 10
mm.
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Figure 1. Phylogram showing the position of Psathyrella confundens in the /prona clade based on
ITS and LSU sequence data. Bootstrap values are indicated on branches, the major supported
clades are marked with names. Sequences originating from type specimens are indicated.

A nuc rDNA ITS and LSU data set to present
P. confundens in a phylogenetic context was
compiled based on the results from the multi
gene analysis of Psathyrellaceae in Orstadius
et al (2015). Representatives from the /prona,
/spadiceogrisea, /obtusata and /supernula
clades were selected. Rooting of trees are
made with representatives from the /corrugis
clade. In addition, the ITS sequence of P
confundens was blasted in GenBank (Clark
et al. 2016) to seek additional available
sequence data of similar and closely related
taxa. Two sequences deposited as Ps. prona

(Fr.) Gillet, one originating from Belgium
(MH867803) and one from Portugal
(MW269541) were found and added to the
data set.

Alignment of the data set was performed
using the L-INS-i strategy implemented in
MAFFT 7.017 (Katoh and Standley 2013). The
alignment was adjusted using ALIVIEW 1.17.1
(Larsson 2014). For inference of phylogenetic
relationships of the dataset, heuristic searches
for the most parsimonious trees were per-
formed using PAUP* under the maximum
parsimony (MP) criterion (Swofford 2003).
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Table 1. An overview of names, spore sizes, etc.
Year Name and author L. Orstadius and  Spores
E. Larsson

1940 Psathyra subatomata J.E. Lange Psathyrella potteri  14-15.5x 7.5 ym

1952 Drosophila albidula Romagnesi nom. P. potteri and/or The author refers to
nov. P. confundens Lange 1940

1953 Drosophila albidula ss. Kiihner and P. potteri 13-16 x 7-8 um
Romagnesi

1953 D. atomata ss. Kithner and Romagnesi P, potteri 12-16 x 6.5-8 um
who refer to Bresadola

1967 Psathyrella albidula (Romagn.) M.M. P, potteri 14-15.5x 7.5 pm
Moser n. c.

1972, 1985 Psathyrella prona f. albidula Kits van P, potteri and/or 13-16 x 7-8 um
Waveren P. confundens

1975 Drosophila albidula Romagnesi P. confundens 11.5-14.7x 6.7-7.5 pm

1975 Drosophila atomata ss. Romagnesi P, potteri 14-16-(17) x 7-8.2 pm

- Coll. 233 from 1940, type of D. albidula P. confundens 12-13.2 x 5.8-7.2 um

examined by Orstadius

All transformations were considered unordered
and equally weighted and gaps were treated
as missing data. Heuristic searches with 1000
random-addition sequence replicates and TBR
branch swapping were performed. Relative
robustness of clades was assessed by the
bootstrap (BT) method using 1000 heuristic
search replicates with 10 random taxon
addition sequence replicates and TBR branch
swapping, saving 100 trees in each replicate.

MOLECULAR RESULTS

The aligned ITS and LSU dataset consisted
of 25 sequences and 1628 characters. After
exclusion of ambiguous data, mainly from the
beginning and the end of the data set, 1552
characters remained for the analysis. Of these,
1370 were constant, 78 were variable but
parsimony uninformative, and 104 were
parsimony informative. The MP analysis
yielded 6 equally most parsimonious trees
(length = 317 steps, CI = 0.6593, and RI =
0.7818). One of these trees is presented in
Fig. 1. Bootstrap analysis recovered four
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supported clades corresponding to /prona
(93%), /obtusata (96%), /spadiceogrisea
(99%) and /supernula (99%). The three
sequences of C. confundens form a terminal
strongly supported clade (100%) within /
prona, with P. orbitarum as a sister species.

TAXONOMY

Psathyrella confundens Orstadius & E. Larss.
sp. nov. — Figs. 2-5.

MycoBank: MB838658

Etymology: The epithet refers to the ambiguous
use of the name Drosophila albidula Romagn.

Holotype: Sweden: Skéne: Nosaby, Eknabben,
on moist soil in a rich deciduous wood, 12.
September 1992, leg. L. Orstadius, LO312-92
(Herb. GB-0131144, ITS and LSU sequence
GenBank KC992851).

Basidiomata small, psathyrelloid. Cap 5-15
mm diam, at first conical, campanulate, conico-
convex, then convex with a low umbo and a
regular margin, when old sometimes with
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conspicuously distant furrows, dark reddish
brown (Mu. 5YR 3/3, Munsell 1975), dark
brown, rusty brown, rather dull, ochraceous
brown, drying to dirty pale, grey, cream, or
pink tinges, slightly to distinctly hygrophanous,
when moist striate at margin or further towards
centre; veil fibrillose, covering almost entire
primordium, when mature only scattered
fibrils remaining, evanescent. Gills distant to
medium spaced, L = 1420, adnate, ventricose,
when young ochraceous grey, becoming grey
(Mu. 5YR 6/1), when old blackish brown; edge
white pruinose, sometimes red underlined.
Stipe 15-120 x 0.5-2 mm, cylindrical, often
slightly flexuous, with a small bulb at base,
pale brown, pulverulent at apex, lower part
with fibrils from veil. Smell not distinctive;
taste mild. Spores 11.5-13.5 x 6-7.5 pm
(av. 12.2-12.8 x 6.5-6.9 um, Qav. = 1.9-2),
oblong, subcylindrical, subovoid, in profile

Figure 2. Basidioma from the type locality,
Sweden: Skane: Nosaby, Eknabben, LO294-01.
Scale bar 10 mm.

L. Orstadius, E. Larsson

sometimes with a slight suprahilar depression,
hardly amygdaliform, in water red (Mu. 2.5YR
4/8); germ pore distinct. Basidia 4-spored,
20-36 x 10-12 um. Pleurocystidia 35-80 %
9-16 pm, lageniform, sometimes flexuous,
scattered to numerous, pale. Cheilocystidia
of two types: A: 25—65 x 7-16 pm, similar in
shape and frequency to pleurocystidia, B:
1640 x 1020 pm, clavate, numerous
especially close to cap margin (Fig. 5). Scalp
cap Ys-way from margin: pileipellis made up
of subglobose to ellipsoid 1040 pm wide
cells; pileitrama with strongly incrusted
hyphae. Hymenophoral trama made up of
rather strongly pigmented hyphae. Veil cells
30-60 x 4-12 um. Clamp connections seen
at stem base mycelium.

Figure 3. Type locality of Psathyrella confundens,
Sweden: Skane: Nosaby, Eknabben.
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Habit and habitats: Solitary to gregarious,
moist to wet, ‘on very wet clay soil’ (Romag-
nesi 1975, as Drosophila albidula), among
leaves, on sticks or twigs, on moss, fruits in
autumn September - October.

Distribution: The species is confirmed from
Sweden, Portugal and Belgium, but rarely
recorded from France, Germany and Sweden.
Kits van Waveren (1972, 1985) reported
Psathyrella prona f. albidula (Table 1) from
the Netherlands and Switzerland. Exact
distribution is unknown due to confusion
with related species.

Specimens examined

France: Bourgogne-Franche-Comté: Yonne,
Sens, ‘on the muddy earth of a shady path’,
18. Sept. 1940, H. Romagnesi 233 (PC, type
of Drosophila albidula), (Fig 4).

Germany: Bayern: Leipheim, by Donau-
Briicke, down by the poplars, 22. Oct. 1996,
M. Enderle (KR).

Sweden: Skéane: Nosaby, Eknabben, on
moist soil in a rich deciduous wood, 2. Oct.
1986, L. Orstadius, LO168-86 (GB) (Fig. 2);
12. Sept. 1992, L. Orstadius, LO312-92,
HOLOTYPUS (GB), (Fig 2, 5); 16. Oct. 2001,
L. Orstadius, LO294-01 (GB), (Figs 2, 3).

00>

e

Figure 4. Spores from the type of Drosophila
albidula, France: Bourgogne-Franche-Comté:
Yonne, Sens, Romagnesi. 233. Scale bar 10 ym.
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Figure 5. Hymenial cystidia from the holotype
(cheilocystidia to the left, pleurocystidia to the
right), Sweden: Skane. Nosaby, Eknabben,
LO312-92. Scale bar 10 ym.

Notes: The description is partly taken from
Romagnesi (1975) as Drosophila albidula and
our examination of material from France,
Germany and Sweden. Romagnesi always
found a white gill edge. The Swedish and
German material varied from a pure white to a
slightly or distinctly pigmented edge. Psathy-
rella confundens is recognised by small basidio-
mata, a fibrillose veil when young, acute
ending cystidia, large spores, and a moist
habitat. Psathyrella prona (Fr.) Gillet is sepa-
rated by 2-spored basidia and slightly larger
spores that often are limoniform with a more
or less pronounced suprahilar depression.
Psathyrella potteri differs in an early drying
and hardly striate cap, a preference of growing
on manured soil, and broader spores. The
separating morphological features between
P. orbicularis (Romagn.) Kits van Wav. and
P confundens are not convincing but the
former can have a pseudorrhiza and it grows
not only moist but also in dry forests or open
grassland. Moreover, the spores are slightly
narrower (av. 5.1-6.5 um) and the cheilo-
cystidia of type B are scattered close to cap
margin opposite to P. confundens that often
has a deep layer of cells. Psathyrella orbi-
tarum (Romagn.) M.M. Moser differs in
having smaller spores (av. 10.1-11.6 x 5.1-6
pm). Genetically P confundens is closely
related to P. orbitarum but the two differ by
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15 substitutions in the ITS1 region, and 9
substitutions and one 2bp insertion/deletion
event in the ITS2 region.
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SAMMENDRAG

Cuphophyllus canescens er en art som opp-
rinnelig ble beskrevet fra Nord-Carolina,
USA. Det vitenskapelige navnet er ogsa blitt
brukt om europeisk materiale rapportert fra
Norge, Sverige og Storbritannia. I forbindelse
med studier av materiale av tinnvokssopp fra
Norge avdekket molekylare undersokelser at
var art har ITS-sekvens som er forskjellig fra
isotypen av C. canescens og derfor ber be-
skrives som en ny art. Cuphophyllus atlanticus
er foreslatt som navn for den nye arten, som
viser seg & ha en interkontinental utbredelse.

Utbredelsen av  Cuphophyllus canescens
synes a vare begrenset til Nord-Amerika.

ABSTRACT

Cuphophyllus canescens is a species originally
described from North Carolina, USA. The
name has been applied to specimens collected
in Europe, and the species has been reported
from Norway, Sweden and Great Britain. In
connection with an inventory and study of C.
canescens in Norway, the molecular investi-
gations revealed that the Scandinavian speci-
mens differ in ITS sequence data from the
isotype of C. canescens and therefore should
be described as a new species. Cuphophyllus
atlanticus is proposed as a new name for this
species, which is shown to have an interconti-
nental distribution range while Cuphophyllus
canescens seems to be restricted to North
America.

INTRODUCTION

Cuphophyllus (Donk) Bon is a genus of
Hygrophoraceae Lotzy, with species globally
distributed in the northern and southern
hemispheres. In the systematic review of
Hygrophoraceae, Lodge et al. (2014) it was
found that Cuphophyllus occupied a relatively
isolated phylogenetic position in the family.
Several species in the genus are shown to
have a broad distribution range and to occur
from the nemoral to the arctic-alpine zones
in Europe (Boertmann 2010). Most European
species differ from the ones occurring in North
America, but there are exceptions. These are
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especially found among species having a
northern boreal to arctic-alpine distribution
range, for example C. hygrocyboides (Kithner)
Bon (Voitk et al. 2020).

The species in Cuphophyllus are character-
ized by having clitocyboid basidiomata with
thick decurrent lamellae and a white spore
print. In micro-morphology they have an inter-
woven or rarely almost subregular lamellar
trama, with or without a regular or subregular
central strand; smooth, hyaline, inamyloid
basidiospores; very long basidia relative to
spore length (usually 7-8, rarely 5-6 times
the spore length), and a basal clamp on the
basidia (Lodge et al. 2014). An interwoven
lamellar trama, together with large basidia to
spore length ratio are the most reliable charac-
ters for separating Cuphophyllus from other
white-spored agaric genera. Species of
Cuphophyllus are now regarded to have a
biotrophic mode of nutrition, but the nature
of the fungus-plant association is largely
unknown (e. g. Halbwachs et al. 2018).

Cuphophyllus canescens (A.H. Sm. and
Hesler) Bon was originally described from
the Great Smoky Mountains National Park,
North Carolina, USA by Smith and Hesler
(1942). It has been described as a rare species
in Europe, occurring in semi-natural grass-
lands of Norway, Sweden and Great Britain
(Boertmann 2010). In connection with a study
and inventory of C. canescens in Norway
(Jordal 2019a), investigations with molecular
methods were also undertaken and revealed
that the ITS sequence data of the Norwegian
specimens differ from the isotype of C. cane-
scens. Cuphophyllus atlanticus is therefore
proposed here as a new name for this species,
which is so far identified from Norway,
Sweden, South Europe and also from USA
and Canada.
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MATERIAL AND METHODS
Morphological methods

Fresh basidiomata were photographed in situ
and the habitat was noted and described.
Information from other collectors like photos
and habitat data has been compiled (Jordal
2019a). Detailed observations of macromorpho-
logical characters were made on fresh and
photographed material together with field
notes. Micro-morphological characters were
observed and measured from dried material
dehydrated in 3% KOH and ammoniacal
Congo red solution at 1000 magnifications
using a Zeiss Axioskop 2 microscope and
ZEN imaging software (Zeiss). A minimum of
20 spores were measured from each basidioma,
abnormally large or small spores were not
considered. Spore measurements exclude
apical appendage. Basidial measurements
exclude sterigmata, and the sterigmata were
measured separately. The measurements in
the description below are based on five
sequenced collections with mature and well
developed  basidiomata  (GB-0076131,
OF241128, OF288790, OF288304, OF287870).

Molecular methods

Nuc rDNA ITS1-5.8S-ITS2 (ITS barcode)
sequence data of 14 specimens of C. atlanticus
were newly generated for this study.

DNA was extracted using DNeasy Plant
Mini Kit (Qiagen, Hilden), and for the PCR
reactions Illustra PuReTaq Ready to go PCR
beads (GE Healthcare, Buckinghamshire)
were used with 0.5 uM of each primer and 1-
3ul of DNA solution. PCR clean-up was
made with QIAquick PCR purification kit
(Qiagen, Hilden). Primers used to amplify the
ITS region were ITS1F (Gardes and Bruns
1993) and LR21 (Hopple and Vilgalys 1999).
Sequences were generated by Macrogen
Europe (Amsterdam, The Netherlands) using
primers ITS1, ITS4 (White et al. 1990).
Sequences were edited and assembled using
Sequencher 5.1 (Gene Codes, Ann Arbor,
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Michigan). The sequences have been depo-
sited in GenBank (MW332281 — MW332294),
see also material studied below.

The ITS data set was compiled based on
the results from the ITS analysis of Cupho-
phyllus and data presented in Voikt et al. (2020).
ITS sequence data of two collections of the
Cuphophyllus hygrocyboides complex were
used for rooting of trees. The ITS of the
target species in this study was blasted in
GenBank (Clark et al. 2016) and the UNITE
database (Koljalg et al. 2013) to seek additio-
nal available sequence data of similar and
closely related taxa. Seven additional sequences
deposited as Cuphophyllus sp., C. canescens
and C. basidiosus (Peck) Lodge & Matheny
were found and added to the data set, among
them the ITS1 of the isotype of C. canescens
(HQ185699).

Alignment of the data set was performed
using the L-INS-i strategy implemented in
MAFFT 7.017 (Katoh and Standley 2013). The
alignment was adjusted using ALIVIEW 1.17.1
(Larsson 2014). For inference of phylogenetic
relationships of the dataset, heuristic searches
for the most parsimonious trees were performed
using PAUP* under the maximum parsimony
(MP) criterion (Swofford 2003). All transfor-
mations were considered unordered and
equally weighted and gaps were treated as
missing data. Heuristic searches with 1000
random-addition sequence replicates and TBR
branch swapping were performed. Relative
robustness of clades was assessed by the boot-
strap (BT) method using 1000 heuristic search
replicates with 10 random taxon addition
sequence replicates and TBR branch swapping,
saving 100 trees in each replicate.

RESULTS

The aligned ITS dataset consisted of 37 sequen-
ces and 873 characters. After exclusion of
ambiguous data, mainly from the beginning
and the end of the data set, 838 characters
remained for the analysis. Of these, 269 were
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constant, 21 were variable but parsimony
uninformative, and 548 were parsimony
informative. The MP analysis yielded 6 equally
most parsimonious trees (length = 939 steps,
CI = 0.8427, and RI = 0.9597). One of these
trees is presented in Fig. 1. Bootstrap analysis
recovered nine supported terminal clades,
corresponding to C. flavipes (Britzelm.) Bon
(100%), C. pseudopallidus (Hesler and A.H.
Sm.) Lodge, Boertm. & E. Larss. (84%), C.
cinerellus (Kithner) Bon (99%), C. esteriae
Voitk, 1. Saar and E. Larss. (97%), C. cole-
mannianus (A. Bloxam) Bon (100%), C.
lacmus (Schumach.) Bon (93%), C. atlanticus
(94%), C. canescens (91%) and C. basidiosus
(100%). A BT value greater that 70% is
considered strong.

The C. canescens group formed a well-
supported clade with 100% BT value, Fig 1.
Within the clade the ITS 1 sequence of the
isotype of C. canescens come together with
two other sequences originating from North
America. Of the three sequences representing
C. basidiosus originating from North America
are two identical and form a supported clade
and one rather divergent from the others that
merge on a single branch, suggesting that there
may be more taxa involved here. However,
sequence data of the type is not available.
The 17 sequences in the C. atlanticus clade
are homogenous. The sequences originate
from Norway, Sweden, South Europe and
North America, suggesting a broad an inter-
continental distribution range.

TAXONOMY

Cuphophyllus atlanticus J.B. Jordal & E. Larss.
sp. nov. — Figs. 2-3.

MycoBank: MB838472

Etymology: the epithet refers to the occurrence
of the species on both the European and the
North American side of the Atlantic Ocean,
and its main European distribution in the
northwestern, atlantic parts.
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Figure 1. Phylogram showing the phylogenetic position of Cuphophyllus atlanticus based on ITS
sequence data, placed as a supported clade together with C. basidiosus and C. canescens as
sister species. Bootstrap values are indicated on branches. Sequences originating from type

specimens are marked.

Holotype: NORWAY. Vestland (former Horda-
land) county, Austevoll municipality, island
of Magster (northern part), in semi-natural
grassland grazed by sheep, 6 Oct 2008,
60.0700°N, 5.0902°E (£ 7 m), leg. Asbjorn
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Knutsen, John Bjarne Jordal, OF287870
(holotype O, isotype GB), ITS sequence
GenBank No. MW332288.
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Figure 2. In situ photo of the basidiomata of the holotype of C. atlanticus in Norway, county of Vestland

(Hordaland), Austevoll municipality, Magster (OF287870). Photo J.B. Jordal.

Diagnosis: Macroscopically similar to C.
canescens but differ in pileus colour, where
that of C. atlanticus as young and fresh is
grey, often with a weak bluish tint (grey-blue
or tin-coloured) and with paler greyish white
areas, without any brown, while C. canescens
is described as «benzo brown» to «drab grey».
Also, the stipe of C. atlanticus is pale greyish
to almost white without any longitudinally
streakes, while the stipe of C. canescens is
described as near «pallid purplish gray» some-
what longitudinally streaked and white at
base. The spores in C. atlanticus are slightly
larger and subglobose to broadly ellipsoid
(54-5.9 x 44-4.8 pm, average 5.6 x 4.5 pum,
Q = 1.2—-1.3) than those given in the original
diagnosis of C. canescens (4-5 pm and
globose). The two differ in ITS1 sequence

data, by 7 substitutions and one 4bp, two 2bp
and 6 single bp insertion/deletion events.

Pileus 15—40( 45) mm in diameter, obtuse to
convex sometimes with a broad and blunt
umbo and margin long remaining incurved,
later becoming more plane, sometimes slightly
depressed and with a lobed or irregular in-
curved margin, dry or weakly greasy (never
slimy), matt, greyish, tin-coloured with a
bluish tint and with paler greyish white areas,
with age pale greyish. Not translucently
striate or hygrophanous. Lamellae adnate to
decurrent, sometimes deeply decurrent,
distant to subdistant, lamellae that reach the
stipe = 30 —40(50), interspaced with lamel-
lulae, a few furcate, intervening, pale grey, to
grey with a weak bluish tint, with age pale
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Figure 3. Micromorphological characters of the holotype of C. atlanticus (OF287870). A — Hymenium
with basidia. B — Basidiospores among hyphae and basidia. C — Hymenophoral trama. D — Pileipellis.
E — Stipetipellis. F — Subpileus trama. Scale bars 10pm. Photo E. Larsson.

greyish. Stipe 25-65 % 3—7 mm, cylindrical —and mostly whitish below. Context concolour-
and thickest at the apex, often twisted, tapering  ous. The smell is weak and indistinct, taste
and often bending towards the base, with age  not observed.

hollow, dry, matt with a whitish felty covering,

pale greyish to almost white towards apex
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Figure 4. Habitat view from the type locality of C. atlanticus in Austevoll, Magster. The species was

J.B. Jordal, E. Larsson

found in the middle of the picture, in old semi-natural grassland that has been grazed, mostly by

sheep, for centuries. Photo J.B. Jordal.

Spores [161] (4.7-)5.4-5.9(-6.8) x (3.3-)4.4
—4.8(-5.4) pm, average 5.6 x 4.5 um, Q =
1.2-1.3, globose to subglobose, hyaline, white
in deposit, non-amyloid.

Basidia 40-55 x 5-7 pum, four-spored, two-
spored observed, sterigmata 6—8 pm.
Lamellar trama interwoven, made up of
cylindrical hyphae 3—7 um wide and 3060 um
long. Pileipellis a cutis with radially inter-
woven hyphae 3.5-6 pm wide, 30-50 pum
long, upper layer with few repent to erect
hyphae. Subcutical hyphae interwoven 4-7 pm
wide. Stipetipellis with parallel and finely
interwoven hyphae 3.5-5.5 pm wide and 30—
70 pm long. Incrusted, finely granular
pigmented hyphae observed. Clamp connect-
ions frequent in all tissues.

Habitat: The species is associated with semi-
natural grasslands, among mosses, herbs and
grasses, with the soil ranging from rather
acid to moderately calcareous (Fig 4.) Most
localities are situated in the boreonemoral
(hemiboreal) to southern boreal vegetation
zones.

Distribution: The species is shown to have an
intercontinental distribution range and is con-
firmed from Norway, Sweden, USA (NC),
Canada and with one sequence originating
from soil sample from an alpine meadow
area in the European Alps or Carpathian
Mountains.
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Specimens studied:

NORWAY. Vestland (Hordaland): Austevoll,
Maggster northern part, semi-natural grassland
(grazed by sheep), 6 Oct 2008, A. Knutsen, J. B.
Jordal, OF287870 (ITS GenBank MW332288)
Holotype. Beomlo, Brandasund, old grassy
road (semi-natural grassland, grazed by live-
stock), 22 Sept 2012, Per Fadnes, OF245811
(ITS GenBank MW332284). Bemlo, Spyss-
gya: Myra, semi-natural grassland (grazed by
sheep), 2 Oct 2009, A. Knutsen, J. B. Jordal,
OF291300 (ITS GenBank MW332281).
Bomlo, Tverrborgvika, semi-natural
grassland (grazed by sheep), 29 Sept 2013,
A. Vatten, P. Fadnes, J. B. Jordal, OF247485
(ITS GenBank MW332286). Alver (Lindas),
Lygra, Bleddalen nord, small spot of semi-
natural grassland surrounded by Calluna
heath (grazed by sheep), 26 Sept 2018, J. B.
Jordal, JB18-041 OF257333 (ITS GenBank
MW332283). Masfjorden, Hopsdalen, semi-
natural grassland (pasture), 2 Oct 2008, G.
Gaarder, OF288790 (ITS  GenBank
MW332292). Masfjorden, Vagset, semi-
natural grassland (pasture), 2 Oct 2008, G.
Gaarder, OF288698 (ITS  GenBank
MW332293). Alver (Raday), Beoyna, semi-
natural grassland (grazed by sheep), 18 Sept
2013, G. Gaarder, OF245904 (ITS GenBank
MW332285). Vestland (Sogn og Fjordane):
Solund, Gasver: Fiskholmen, semi-natural
grassland/coastal Calluna heath (grazed by
sheep), 12 Oct 2006, B. H. Larsen, OF288304
(ITS GenBank MW332294). Mere og Roms-
dal: Aure, Husfest, semi-natural grassland
(grazed by sheep), 22 Sept 1995, J. B. Jordal,
OF241128 (ITS GenBank MW332290). Heroy
(Mere og Romsdal), Skorpa, semi-natural
grassland (grazed by goat), 27 Sept 1994, G.
Gaarder, J. B. Jordal, OF241127 (ITS GenBank
MW332289). Fjord (Norddal), Valldal, Heim-
setra, semi-natural grassland on summer farm
(grazed by cows), 3 Sept 2009, J. B. Jordal,
OF291137 (ITS GenBank MW332287). Fjord
(Stordal), Dyrkorn, Indreseter, Joseatra,
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semi-natural grassland, 10 Sept 2002, J. B.
Jordal, OF178756 (ITS GenBank MW332291).
SWEDEN. Virmland: Svanskog, Mosserud,
Yttre Hedane, semi-natural grassland (hay-
field), 17. Aug 2002, L. Gustavsson, GB-
0076131 (ITS GenBank MW332282).

DISCUSSION

Based on the original description of C. cane-
scens (Smith and Hesler 1942) and the some-
what emended description in Hesler and Smith
(1963) it is easy to understand that the name
in Northern Europe (Boertmann 2010) has
been applied to the species we now describe
as C. atlanticus. They are indeed very similar.
We have shown that both C. canescens s.str.
and C. atlanticus occur in North America,
and both species even in North Carolina.
Therefore, we cannot be sure what species
are included in the emended description of
C. canescens in Hesler and Smith (1963),
and we rely on the original description by
Smith and Hesler (1942), which is based on
the type. For instance, the spore form and
measurements differ in the two publications.
The type is said to have globose spores 4-5 pm
in Smith and Hesler (1942); while later the
spores of C. canescens are described as, at
times globose, more often subovoid, 4-5.5(6)x
4-4.5 um (Hesler and Smith 1963). This is
based on more collections where no further
sequence data are available, and a mixture of
species cannot be excluded.

In the phylogenetic analysis C. basidiosus
comes out as a sister species to C. atlanticus
and C. canescens in a strongly supported
clade, Fig. 1. The species is also similar in
morphology but differ and can be distinguished
by the greyish-brown colour of pileus and stipe,
and striations on the pileus. The species is
not so far known from Europe.

Due to the red-listing the species C. cane-
scens has been given attention and inventories
have been undertaken, especially in Norway.
This has improved our knowledge of occur-
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rence and habitat preferences (Jordal 2019a).
In Norway, all finds have been done in open,
semi-natural grasslands mainly without trees or
bushes, with the soil ranging from rather acid
to moderately calcareous. One find was on a
grassy road surrounded by old cultural land-
scape. Most localities were within the
hemiboreal to southern boreal vegetation zones
(Moen 1999), except one (OF291137) that
was found in the mid boreal zone near a
summer farm. Along the coast-inland gradient,
it occurred mostly in the strongly oceanic
vegetation section (along the outer coast), but
also sometimes in the markedly oceanic, and
once in the weakly oceanic section. In Sweden
the records available also suggest that it is
associated to nutrient poor open semi-natural
grassland, both on grazed and mown localities
(SLU ArtDatabanken 2020). Most records
are from the coast or inland of south Sweden
and associated with the old cultural landscape.
The species C. canescens s. I. seems to be
rare in North America and GBIF (2020) lists
only about 20 records from eastern USA and
eastern Canada. The habitat information is
scarce, but waxcaps are generally found in
forests or forest margins, preferably under
trees that don't form ectomycorrhiza (Lodge
et al. 2014, Halbwachs et al. 2018). Grasslands
could be an underestimated waxcap habitat
in North America due to limited attention
(Griffith et al. 2013). On the label of the type
of C. canescens it is said to be collected under
Fagus and Hemlock in the Great Smoky Mts.
National Park, North Carolina, suggesting a
forest habitat. Due to the lack of information,
it is hard to decide if habitat is a key factor
for discrimination of the two species.
Cuphophyllus atlanticus is on the red list
and evaluated as endangered (EN) in both
Sweden (SLU ArtDatabanken 2020) and
Norway (Artsdatabanken 2015) because its
habitat of nutrient poor semi-natural grassland,
is rapidly decreasing. Cuphophyllus atlanticus
is in Europe an indicator of mycologically rich

J.B. Jordal, E. Larsson

but nutrient-poor, semi-natural grasslands, and
a member of the waxcap grassland assemblage.
As a whole, most waxcap grasslands are
among the habitat types that are listed as VU,
EN or CR in the EU Red List of habitats
(Janssen et al. 2016).

We conclude that C. atlanticus is the name
to be applied to the red-listed and strongly
threatened species in Norway and Sweden.
Cuphophyllus canescens has been evaluated
as vulnerable (VU) on the global red list
(Jordal 2019b), and as endangered (EN)
regionally in Europe (Jordal 2019c). The
assessment for Europe should from now be
applied to C. atlanticus, and the global asses-
sment should be applied to C. canescens s. [.,
including both C. atlanticus and C. canescens
s. 5. until a new assessment is done.
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SAMMENDRAG

Den sjelden rapporterte Coprinellus dilectus
(Fr.) Redhead, Vilgalys and Moncalvo sensu
auct. og Coprinus aquatilis Peck anses &
vaere den samme arten. Beskrivelser er gitt.
Arten kan gjenkjennes pd den lyse oransje
brune hatten, et granulose slor, lageniform
cystidia, ganske store sporer med en eksentrisk
spirepore og et fuktig habitat. Den originale
beskrivelsen av Coprinus dilectus Fr. samt
noen rapporter om artene fra Europa blir
diskutert. Typematerialet til Coprinus aquatilis
Peck er undersgkt og status diskuteres.
Fylogenetiske analyser plasserte arten neaer
Coprinellus silvaticus.

ABSTRACT

The rarely reported Coprinellus dilectus (Fr.)
Redhead, Vilgalys and Moncalvo sensu auct.
and Coprinus aquatilis Peck are considered to
be the same species. Descriptions are given.
The species can be recognized by the bright
orange brown cap, a granulose veil, lageni-
form cystidia, rather large spores with an
eccentric germ pore, and a moist habitat. The
original description of Coprinus dilectus Fr.
as well as some reports of the species from
Europe are discussed. The type of Coprinus
aquatilis Peck is examined and its status
discussed. Phylogenetic analyses placed the
species close to Coprinellus silvaticus.

INTRODUCTION

It frequently happens that descriptions by
Fries (e.g. 1821) and contemporary authors
lack information of characters important for us
today. Examples can be microscopic charac-
ters or pubescent covering on cap or stem
hard to see with the naked eye. Coprinus
dilectus is one such species, for which the
original description by Fries (1838) reads like:
“C. DILECTUS, pileo tenuissimo campanulato
obtuso furfuraceo-floccoso, dein fisso revoluto
nudo, stipite attenuato glabrello basi squamuloso-
volvato, lamellis liberis sublanceolatis confertis
rubrofuscis demum nigris. Locis adustis umbrosis
in fagetis. Est quasi A. obleclus diminutus, volva
obliterata, stipite 2—3 unc. 1., 1—2 lincr. albo,
pileo »—3% unc. lato albido-roseo, disco
livido.”
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In the last 80 years the species now and
then has been described by authors as Lange
(1939-1940), Heinemann and Josserand (1941),
Orton and Watling (1979), Krieglsteiner et al.
(1982), Uljé and Bas (1991), Gerault (2005),
Ludwig (2007), Schmidt-Stohn (2012), and
Gierczyk et al. (2014). Despite several
descriptions, the exact identity of the species
remained unresolved and the name has not
been typified by modern materials. Schmidt-
Stohn considers the squamulose stem base
given by Fries (1838) to deviate from today's
view of the species. Fries writes in italics basi
squamuloso-volvato that excludes the possi-
bility to be a species of subsection Setulosi
(Uljé and Bas 1991, Uljé 2005). Moreover,
Schmidt-Stohn refers to Heinemann and Josse-
rand who believes Coprinus dilectus sensu
Lange to agree with C. erythrocephalus (Lév.)
Fr. (= today’s Coprinopsis erythrocephala
(Lév.) Redhead, Vilgalys and Moncalvo).
Schmidt-Stohn further points out that the
important feature of the germ pore position,
if central or eccentric, differs by the authors.
He noted that Coprinellus dilectus sensu auct.
are found seven times in Europe, four of
which from Germany. Schafer (2009) reported
the species with informative illustrations
from the British Isles.

Last year the species was collected in Skéne,
the southernmost province of Sweden. We
consider the Friesian species to be misapplied
by mentioned European authors and below
we provide a description using Peck’s name.

MATERIALS AND METHODS

Colour names follow the Munsell soil colour
charts (Munsell 1975), cited as Mu. in the
text.

Micromorphological  characters  were
observed using a Nikon Eclipse E200 light
microscope equipped with phase contrast.
Digital images were recorded with a Nikon
Infinity 2 camera. For each collection, 10 to
20 mature spores were measured in water at
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x1.000 magnification. Abnormally large or
small spores were not considered. Other
microscopic characters were studied in a 10 %
NH40OH solution and measured to nearest
micron. To observe the hymenial cystidia, a
complete lamella was cut off with a razor
blade and soaked for a while. The gill edge
was removed in order to check the cheilo-
cystidia. The middle portion of the gill was
cut out, crush mounted, and pleurocystidia,
basidia, subhymenium, and hymenophoral
trama studied. The layers of the pileus were
observed halfway from the margin by cutting
tangential to the pileus, called a ‘scalp’. The
presence of clamps were checked. As for the
shape of spores and cystidia the terminology of
Vellinga (1988) was followed. Spores were
mounted in a solution of ammonia before
capturing digital images. All scale bars in the
figures represent 10 um.

Molecular protocols and phylogenetic
analyses followed Nagy et al. 2012 (Myco-
logia). The combined Internal Transcribed
Spacer (ITS) and 28S ribosomal subunit
dataset from our previous paper was supple-
mented with new sequences from C. aquatilis.
A maximum likelihood analysis with 1000
bootstrap replicates under a partitioned
GTR+G model was performed in RAXML
8.2.12 (Stamatakis 2014).

RESULTS

Coprinus aquatilis Peck is reported as occur-
ring in Finland and Norway (Vesterholt 2012).
The description reminds of Coprinellus
dilectus sensu auct. We obtained the type
collection on loan from NYS. The scanty
material only permitted to examine the spores
that agreed in size and shape and the eccentric
position of the germ pore with C. dilectus
sensu auct.

We made the following observations on
the type of Coprinus aquatilis: Spores 11.4-
12.8 x 6.6-7.5 x 5.8-6.6 um, av. 12.1 x 7.1 x
6.2 pm, Qav. 1.7 (in front view), 2 (in profile),
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ellipsoid, ovoid, subfusoid, sometimes slightly
irregular in outline, in profile distinctly
flattened on one side, oblong, amygdaloid, or
with a suprahilar depression, in water red
(Munsell 2.5YR 4/6); germ pore strongly
eccentric (Fig. 1).

Peck's original description does not contra-
dict today's view of C. dilectus.

Figure 1. Spores of Coprinus aquatilis. type
NYS 300.1

“COPRINUS AQUATILIS 7. sp.

Pileus membranaceous, campanulate, sulcate-
plicate almost to the apex, furfuraceous,
yellowish-brown; lamellae subdistant, reaching
the stem, brownish then black; stem slender,
equal, hollow, furfuraceous, whitish; spores .
0005' long, .0003' broad.

Plant fragile, 2'-2.5' high, pileus 6"-8" broad.
Sticks and twigs partly submerged or lying in
wet mossy places. Adirondack Mts. Aug.

The young plant is more yellow than the
mature one. The species is related to C.
silvaticus” (Fig. 2).

Coprinellus aquatilis (Peck) Voto
Coprinus aquatilis Peck, Ann. Rep. N.Y. St.
Mus. nat. Hist. 27: 96, 1875 (1874); Copri-
nellus aquatilis (Peck) Voto, Boll. Assoc.
Micol. Ecol. Romana 107(2): 94, 2019.
Holotype: USA: New York, Adirondack Mts
(NYS). Fig. 3A-E.

Synonym: Coprinellus neodilectus Voto,
Boll. Assoc. Micol. Ecol. Romana 107(2):
95,2019.

L. Orstadius, L.G. Nagy

Misapplied name: Coprinellus dilectus
(Fr.) Redhead, Vilgalys and Moncalvo sensu
auct.

Pileus when closed ellipsoid, then slightly
expanded, 8 mm high and 7 mm wide, orange-
yellow to orange-brown, becoming paraboloid,
11 mm wide, reddish yellow (Munsell S5YR
6/8), covered by a flocculose to granulose
veil, copious at apex and margin, plicate-
striate. Gills free, medium spaced, L = ¢. 36,
when young whitish, darkening and becoming
blackish. Stem 25 x 1.8-2 mm, whitish,
granulose, pubescent. Smell not distinctive.

Figure 2. lllustration from the original description
of Coprinus aquatilis Peck. Fig. 26. A young
plant. Fig. 27. A mature plant. Fig. 28. Two

spores x 400.
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Spores 11-12.6 x 6.8-7.2 x 6.2-6.8 um, av.
12.2 x 7.1 x 6.3 pm, Qav. = 1.7 (in front view),
1.9 (in profile), ellipsoid, ovoid, subfusoid,
in profile flattened on one side, sometimes
amygdaloid or with a suprahilar depression,
in water red (Munsell 2.5YR 4/8); germ pore
distinct, strongly eccentric. Basidia 4-spored,
22-42 x 10-11 um, surrounded by 5-6 pseudo-
paraphyses. Pleurocystidia absent.

Cheilocystidia of two types: A: 35-80 x
12-30 um, lageniform, rather numerous, B:
16-30 um wide, spheropedunculate to sub-
globose, numerous. Caulocystidia 70-95 x
15-24 um, lageniform, rather numerous.

Pileocystidia not seen. Scalp cap surface
half-way from centre: pileipellis with sphero-
pedunculate, subglobose to clavate, yellow
brown, 15-30 pm wide cells, indicating a
hymeniderm. Veil from cap surface: subglo-
bose, ellipsoid, 20-40 pm wide, also other-
wise shaped, smooth, incrusted or granulose.
Clamps not seen on stem hyphae and stem
base, 125 septa checked.

Figure 3. Coprinellus aquatilis, collection Orstadius 3-18. A) Basidioma.
Photo L. Orstadius. B) Spores. C) Cheilocystidia. D) Caulocystidia. E)
Veil cells. (scale bars = 10 ym B-E)

52

Habitat: Single growing on a branch in a
small, slowly floating stream, surrounded by a
moist, herb rich forest with Alnus glutinosa,
Corylus avellana, Anemone nemorosa, A.
ranunculoides and Ficaria verna.

Collection examined: Sweden: Skane,
Linderéd, Tagarp, west of Lindemolla,
21.V.2018, R. Tillgren (SZMC, Orstadius
3/18, Fig. 3).

Additional specimen examined: USA, New
York, Adirondack Mts, August 1874, C.H.
Peck (NYS f 300.1, holotype of Coprinus
aquatilis).

Remarks: The description is based on one
specimen. The species is recognized by the
beautiful orange-brown cap, the granulose
veil, the pubescent stem, spore size and
shape, strongly eccentric germ pore, lageni-
form cheilo- and caulocystidia, and the lentic
habitat on a branch in a small stream.

We tried to find pileocystidia without suc-
cess. Krieglsteiner et al. (1982) and Schmidt-
Stohn (2012) found
them, but the latter
author also stated that
pileocystidia can not
always be found.

DISCUSSION  Uljé
and Bas (1991) placed
their Coprinus dilectus
in subsection Setulosi
and considered it closely
related to C. pyrrhan-
thes. The latter species
differs in having vesi-
culose cheilocystidia
and smaller spores.
Nagy et al. (2012) did
not obtain specimens
for sequencing of
Coprinellus  dilectus
sensu auct. PCR ampli-
fication or sequencing
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failed for C. pyrrhanthes. In their phylogenetic
tree Coprinellus is represented by the clades
Core Setulosi, eurysporoid, sabulicola, Dome-
stici, and Micacei. Phylogenetic analyses
(Fig. 4) placed our material of Coprinellus
aquatilis close to C. silvaticus in the clade
Domestici sensu Nagy et al. (2012).

Morphologically, the latter species differs
in having larger basidiomata, a dry habitat,
ornamented spores and central germ pore.

It must become a later task to investigate
material of C. aquatilis from Norway and
Finland. The species is also reported from
Herrljunga in Sweden by Hernqvist (2018).

In the same paper Voto (2019) described
the new species Coprinellus neodilectus and
proposed new combinations of many species
including Coprinellus aquatilis. 1t is not clear
whether type material was examined. We
consider Coprinellus neodilectus to be a later
synonym of Coprinellus aquatilis.
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SAMMENDRAG

Ved 4 studere ITS rDNA sekvenser i 46 kol-
lekter av rundmorkler i norske museums-
samlinger og i nyere tilsendt materiale har vi
pavist to arter og en varietet av rundmorkler i
Norge: Morchella esculenta (rundmorkel),
M. vulgaris og M. vulgaris var. dunensis, de
to siste uten norsk navn. Morchella esculenta
er desidert den vanligste av disse.

ABSTRACT

By studying ITS rDNA sequences of 46 yellow
morel collections deposited in Norwegian
fungaria or sent us by amateur mycologists, we

discovered that two species and one variety
of yellow morels occur in Norway, i. e.
Morchella esculenta, M. vulgaris, and M.
vulgaris var. dunensis. Morchella esculenta
is by far the most common of these.

INTRODUCTION

This is a follow-up of our previous review
dealing with the black morels, Morchella
section Distantes (‘spissmorkler’), in Norway
(Weholt et al. 2020). The present review deals
with the other section of Morchella occurring
in Norway, section Morchella (yellow morels,
‘rundmorkler’). Both reviews are based on
molecular analyses and our main purpose is
to report on which morel species occur in
Norway, their geographic distribution and
specific niche.

The genus Morchella Dill. ex Pers., which
is theorised to have originated early in the
Cretaceous period (O’Donnell et al. 2011),
has more than 75 phylogenetically distinct
species worldwide (Du et al. 2019) and about
37 species in Europe (Clowez and Moreau
2020). It has three sections of which the oldest
one, section Rufobrunnea Clowez & Courte-
cuisse, has only two extant species. They both
occur in Mediterranean habitats; one of them,
M. rufobrunnea, was the first morel to be
cultivated (Clowez and Moreau 2020). Section
Distantes Boud., with about 26 European
species is the largest section, and has at least
10 species in Norway (Weholt et al. 2019).

The third section, section Morchella (yellow
morels), is represented by at least 11 species
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in Europe; however, members of this sectionare
rarely documented in Norway. Ascomata of
yellow morels typically possess greyish to
ochraceous caps that are ovoid to round and
with ridges that tend to turn reddish and
develop a white crust. They are saprotrophsor
form biotrophic relationships with trees and
plants that translocate carbon rich nutrients.
It is generally agreed that Morchella species
are extremely difficult to discriminate from
each other using morphological features.
However, distinguishing between black and
yellow morels is generally not problematic
based on the cap shape and colour change
from young to old specimens. With the publi-
cation of a new Morchella monograph (Clowez
and Moreau 2020) identifying morels to species
has been made much easier. The book conveys
results from a life-long devotion to the genus
combined with molecular expertise, and pro-
vides useful descriptions, photographs, and an
identification key. We refer to this important
presentation of the genus Morchella for
identification of Norwegian finds.

MATERIALS AND METHODS

Materials

The study is based on 46 collections of putative
yellow morels deposited in the Norwegian
public fungaria in Oslo (O) and Trondheim
(TRH) and newly collected material sent to
@yvind Weholt from amateur mycologists.
Among them is one sample from Mallorca
(Spain) of M. vulgaris var. dunensis collected
by the Norwegian mycologist Sigmund Sivert-
sen (1929-2019) while the other 45 collections
are from Norway, see Table 1 and 2. Until
recently, most preserved specimens were
collected by one of us, Roy Kristiansen (RK)
in the Fredrikstad region (SE Norway) and
accordingly, the geographical representation
of our material is somewhat biased.

56

Methods

Total DNA was extracted from dry specimens
employing a modified protocol based on
Murray and Thompson (1980). Primers ITS1F
and ITS4 (White et al. 1990, Gardes and Bruns
1993) were employed to amplify the ITS rDNA
region. PCR products were checked in 1%
agarose gels, and amplicons were sequenced
with one or both PCR primers. Once sequence
chromatograms were corrected to remove
errors, text files of these were used to conduct
BLASTn (Altschul et al. 1990) searches of
the International Nucleotide Sequence Data-
base Collaboration (INSDC, Cochrane et al.
2011) public database. Morel sequences in
INSDC were mainly from studies conducted
by Du et al. (2012a, b, 2020), Clowez et al.
(2014), Richard et al. (2015), and Petrzelova
and Sochor (2019). Sequences first were
aligned in MEGA 5.0 (Tamura et al. 2011)
software with its Clustal W application and
then realigned manually as needed to establish
positional homology. The final alignment,
which included 376/1123 variable/total sites,
was loaded in MrBayes 3.2.6 (Ronquist et al.
2012), where a Bayesian analysis was per-
formed using the GTR-G model (single
partition, two simultaneous runs, four chains,
temperature set to 0.2, sampling every 100th
generation) until convergence parameters were
met after 0.27 M generations. Finally, a full
search for the best-scoring maximum likeli-
hood tree was performed in RAXML 8.2.12
(Stamatakis 2014) using the standard search
algorithm (same partitions, GTRGAMMA
model, 2000 bootstrap replications). Signifi-
cance threshold was set above 0.95 for posterior
probability (PP) and 70% bootstrap propor-
tions (BP).

RESULTS AND DISCUSSION

Fig. 1 shows a phylogenetic tree of sect.
Morchella with the Norwegian collections and
the collection from Mallorca. The samples
analysed grouped in two distinct clades: one

AGARICA vol. 42



@. Weholt et al.

Table 1. Data for collections sequenced by Kerry O'Donnell

Voucher ID Roy ID Kerry |Original Sequence Location Voucher Habitat Date of

number in |Kristiansen |O'Donnell |idenification (det. E. results number in collection

Herb O Jacquetant) Herb O

0-257284  RK 81.01 M485 M. pseudoumbrina  failed Ostfold, Fredrikstad, Krakeray, O-257284  Black soil under 26-May-1981
Holte Ulmus

0-257285 RK 87.11 M490 M. pseudoumbrina  failed @stfold, Fredrikstad, Onsey, 0-257285  Black soil under  5-June-1987
@stre Vikane Ulmus

0-257286  RK 89.12 M484 M. pseudoumbrina  failed @stfold, Fredrikstad, Onsey, 0-257286  Black soil under 19-May-1989
Ostre Vikane Ulmus

0-257288 RK 97.09 M493 M. pseudoumbrina M .esculenta  Ostfold, Fredrikstad, Krakeroy, O-257286  Black soil under 20-May-1997
Holt Ulmus

0-257289 RK 98.26 M491 M. pseudoumbrina M. esculenta  Ostfold, Fredrikstad, Krdkergy, O-257289  Black soil under 20-May-1998
Holt Ulmus

0-257290 RK 98-27 M497A/B M. pseudoviridis M. esculenta  Ostfold, Fredrikstad, Krakergy, O-257290  Black soil under 20-May-1998
Holt Ulmus

0-257292  RK 01.01 M498 M. pseudoviridis M. esculenta  Qstfold, Fredrikstad, Krékeray, 0-257292  Under Ulmus, 20-May-2001
Holt calcareous soil

0-257291 RK.98.28 M486 M. rotunda M. esculenta  Buskerud, @vre Eiker, 0-257291  Deciduous forest, May-1998
Vestfossen, Hamre Nature calcareous soil
Reserve

0-257287  RK 95.60 M488 M. vulgaris M. esculenta  Buskerud, Nedre Eiker, 0-257287  In garden, sandy, 3-June-1995

Krokstadelva, Enga 5

Pinus mugo
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Table 2. Data for collections sequenced by Pablo Alvarado Garcia, ALVALAB

Voucher Isolate Sequence Location Habitat Date of ITS rDNA

number in results collection

Herb

O/Artskart*

0-309188/  ALV8015 M. esculenta Vestfold, Tensberg, Nordbyen 24 In old garden 8-May-2016  MW307504

14382065

Material lost ALV12016 M. esculenta Telemark, Bamble, Tangvall In deciduous forest with Ulmus and Corylus 12-May-2017  MW307505

0-257281/ ALV21092 M. esculenta Telemark, Porsgrunn, Klepp Deciduous forest, Corylus, Picea, calcareous  13-June-2019 MW307506

21696867

0-257283 ALV21226 M. esculenta Telemark, Porsgrunn, Versvika Forest, under Pinus etc., calcareous ground 2-June-2019 MW307507

0-257282/  ALV21674 M. esculenta Telemark, Tokke, Rui-Nord Rich deciduous forest, probably calcareous 3-June-2019 MW307508

2269899 groud

0-65772 ALV24920 M. esculenta Hedmark, Ringsaker, Ringsaker church Bark in garden 5-March-2003  MW307509

0-66421 ALV24921 M. esculenta Oslo, Tasen Edge of flowerbed with bark and gravel 12-May-2003  MW307510

0-71623 ALV24922 M. esculenta Oslo, Hovedoya Under Corylus, barren soil and dry leaves 1-June-1997  MW307511

0-86558 ALV24924 M. esculenta Vestfold, Sande Bjerkeya Open, bushy site 13-May-1989 MW307512

0-90177 ALV24927 M. esculenta Oslo, Hovedoya Close to shore, on lawn 19-May-1988 MW307513

0-270132 ALV24929 M. esculenta Oslo, Ekeberg, Sjemannskolen Lawn, near large tree stump, tall grass 15-May-2000 MW307514

0-291103 ALV24930 M. esculenta Buskerud, Nedre Eiker, Mjondalen, Vikkollveien 34 Bark in garden 21-May-2010 MW307515

0-257280 ALV25125 M. esculenta Buskerud, Lier, S of Gjellebekk nature protection area Deciduous forest, Alnus, Betula, Fraxinus 28-May-2020 MW307516

0-370360 ALV24931 M. esculenta Telemark, Porsgrunn Lawn close to apple tree 5-July-2007 MW307517

TRH-3181 ALV25409 M. esculenta Nordland, Rana, Hammanes Under Ulmus 10-June-1979 No sequence
(noisy or cont.)

TRH-3184 ALV25411 M. esculenta Ser-Trendelag, Trondheim, Byasen, Steinbeget Newly repared lawn 26-May.1964 No sequence
(noisy or cont.)

No material/  ALV21016 M. vulgaris var. Rogaland, Karmey, Akra, Stovegen 12 Old carrot field covered with cloth, bark, 31-March- MW307518

21792572 vulgaris gravel and sand 2019

0-222387 ALV24928 M. vulgaris var.  Rogaland, Ha, Holmasanden In sandy meadow under Salix repens 23-April MW307519
dunensis -2002

TRH-12910 ALV25415 M. vulgaris var. Mallorca, Alcudia, S' Oberta Ruderate area 3-March- MW307520
dunensis 1985

* Number in the Norwegian Biodiversity Information Centre (https://artskart1.artsdatabanken.no/default.aspx)
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JX089683 Morchella diminutiva DDOG-52 - USA

KiM252950 Morchella fluvialis 0900033 (LIP) - Spain
100 KM252948 Morchells fluvialis 0900034 (LIP) - Spain
KM 252949 iMorchella fluvialis 0900155 (LIP) - Spain
0 e4nz ] JQ322068 Mes-9 59118 (HKAS) - China
100)7¢ |' JAT723095 Mes-9 ME1 - China
JQ322051 Morchella sp. Mes-20 55842 (HKAS) - China
8L JQ322050 Morchella sp. Mes-20 55841 (HKAS) - China
0-65772 — Norway, Hedmark
©-270132 — Norway, Oslo
©0-90177 — Norway, Cslo
©-281103 — Norway, Buskerud
0-309188/14382065 — Norway, Vestfoid
ALV12016 — Norway, Telemark
©-71623 — Norway, Oslo
0e] 0-257280 — Norway, Buskerud
0-257283 — Norway, Telemark
F0-66421 — Norway, Oslo
0-86558 — Norway, Vestiold
JA723083 Mes-8 M419 - China
0818814 Mes-8 D29 - China
0-277282 /2269899 — Norway, Telemark
0-370360 — Norway, Telemark
0-257281 121696867 — Norway, Telemark
10001 __[JQE‘]SBOB Morchella sp. Mes-21 DZ37 - China
JQ322081 Morchella sp Mes-21 55920 (HKAS) - China
10047 | _i.lmzamo Merchella sp. Mes-7 M810 - China
10 1JQ723099 Morchella sp. Mes-7 M38 - China
1910322082 Morchella sp. Mes-6 5334 (HMJAU) - China

1.00/10
[

o8p)

M. esculenta

any17]JQB 18792 Morchells sp. Mes-6 DZ21 - China
0'4Q723098 Morchella sp Mes-6 M321 - China
MT435008 Marchella dunsnsis HT554 - Turkey
| mmg MT 102875 Merehellz dunensis QKA TR 10D - Turkay
© MT102874 Morchella diinensis OKA TR 4D - Tutkey
MF 228804 Morefiella “esculenta) OKA-38 - Turksy
MK38B507 Morchelle vuigaris Myw10 = [taly e P
1W"’<3‘!A35‘3, 505 Morchells vuigaris Myul3 - ltaly M "‘i’?ﬂ'fﬁ
L KUBE5007 Mochella dunensis 18338 (AH) - Spain vat. dunensis.
TRH-12910 — Mallorea, Spain
o¢0/88 [ 0-222387 — Norway, Rogaland ;
MK321873 Marchella dunensis 1030 (FCNU) - China
KUBE501] Morchella dunsnsis ALV3208 - Cypris
JQ723102 Morchsiie sp. Mes-17 HT337 - Turkey
MNS513758 Morchella dunensis 1068 (FCNU) - France
MN513757 Morcitella dunensis 1087 (FCNU) - France
LGQ228476 Morchella spongicia MR17 - India
AJ539473 Morchella spongiola 8J1M - Germany
MHOB2789 Moarchalla sp. Mes-5 IP16- Czech Repliblic
MHY82788 Morchella sp. Mes-5 IP277 - Czech Republic
KM587962 Morchella anthracina PRC168 (LIP) TYPE - France
1> | KNSB8A13 Merchela vidgaris PhCA (LIP) - France
MT373837 Morchella vulgaris 81945 (FLAS-F) - USA
KMS587986 Morchella robinias PhTES (LIP) TYPE - France
21792572 — Norway, Rogaland
MHE82781 Marchella sp. 28250 (CHOM) - Czech Republic M. ‘ngm,-;s
1.00182 | MHOB2779 Morchella sp. |P381 - Czech Reputilic o o
MKOBE458 Morohella ap. Mas17 M1 - China var. vilgaris
MH982780 Morchella sp ‘58708 (CHOM) - Czesh Republic
AJB3G4T4 Morcheila spanglola TJ1M - Germany
MH982791 Morshslia sp. 783274 (BRNM) - Czech Republic
MH982784 Morchella sp. 25333 (CHOM) - Czech Republic
MHSEmZ'Mmhslh.sp_ 783195 (BRNM) -~ Czech Ria?ubli':-:
MHOB2783 Morchella sp. 710073 (BRNM) - Czech Republic

0878

0.02

Figure 1. 50% majority rule ITS rDNA consensus phylogram obtained using MrBayes from
2025 sampled trees. For each sample, species name or an informal ad hoc 'Mes' code that was

assigned in previous studies is provided. Nodes were annotated if they were supported by
> 0.95 Bayesian PP (left) or > 70% ML BP (right).
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with high identity to sequences of M. esculenta
in public databases, and another sharing high
identity to sequences of M. vulgaris and M.
dunensis. While no significant differences
were observed within M. esculenta, significant
genetic structure was detected within the clade
containing M. vulgaris and M. dunensis,
although these were not resolved as reciprocally
monophyletic. Twenty samples turned out to
be black morels (M. norvegiensis (10) and
M. importuna (1)), or useful DNA sequence
data were not obtained (9).

Morchella esculenta (L.: Fr.) Pers. — Figs. 2-3.
Synonyms: M. rotunda (Pers.) Boud., M.
pseudoviridis Jacqet. (invalid name), M.
pseudoumbrina Jacget. (invalid name).

Typical features of Morchella esculenta are an
ovoid to round cap, regular, polygonal pits, and
ridges with white crests. In contrast to the
somewhat similar M. norvegiensis of section
Distantes the cap colour is dark in young
ascomata and becomes paler with age. It is by
far the most common of the yellow morels in
Norway. Our 20 sequenced collections were

Figure 2. Morchella esculenta, Nordland, Rana,
Hammarnes, S-exposed hill, under Ulmus, 10
June 1979, leg. H. Dissing & S. Sivertsen.
Photo: Sigmund Sivertsen.

from nemoral and hemiboreal regions in SE
Norway. There are, however, two interesting

","A'ﬂ' >

Flgure 3. A “M pseudoumbrma Holte Krakerray, 10 May 2015, leg. Roy Kristiansen. B. “M.
pseudoviridis”, Holte, Krakergy, 22 May 2003, leg. Roy Kristiansen. Photo: Roy Kristiansen.
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collections in TRH, which were identified as
M. esculenta by S. Sivertsen, one of these is
from Trondheim and one from N Norway
(see Tab. 1). These yielded no sequence data
due to contamination. The northernmost of
these was collected by the Danish mycologist
H. Dissing and S. Sivertsen in 1979 under
Ulmus in the hemiboreal region in Rana munici-
pality, Nordland, and has an ascomata morpho-
logy matching our concept of M. esculenta
(Fig. 2). This collection may represent the
northern most distribution of this species. Most
of the Norwegian collections of M. esculenta
were from disturbed or manmade habitats, often
gardens with lawns and bark-covered flower-
beds. The rest are from mostly natural sites with
deciduous trees such as Alnus sp., Betula sp.,
Fraxinus excelsior, Salix sp. and Ulmus glabra,
apparently always in base rich sites.

Morchella esculenta is also one of the most
common yellow morels in central and north-
western Europe, occurring in the lowlands
and, less frequently, in the mountains. It has a
wide Eurasian distribution from Europe to
China (Loizides 2017, Clowez and Moreau
2020).

In the late 1970s and early 1980s RK
collaborated with the French mycologist E.
Jacquetant by posting him dried specimens of
morels from the Fredrikstad region accompa-
nied by colour photographs, among them
specimens that Jacquetant identified as M.
pseudoviridis sp. nov. and M. pseudoumbrina,
a species he had described earlier on material
from Central Europe. IT sequences from
several of these collections show that all
belong in M. esculenta (see Table 1, Richard
et al. 2015).

Morchella vulgaris var. vulgaris (Pers.: Fr.)

Gray. Fig. 4.

This is an extremely polymorphic species
with more inflated ridges than those of M.
esculenta, forming irregular pits giving the cap
a labyrinth-like to cerebriform appearance. It

. Weholt et al.

also has a distinctive odor when fresh that is
not present in M. esculenta. This is a common
morel in temperate Europe, known as far east
as Ukraine (Clowez and Moreau 2020). Our
single voucher collection of this species is
from Karmey, Rogaland situated on the
Atlantic coast of S Norway where it was
growing in an old carrot field on soil covered
by bark, gravel and sand as a top layer.

Morchella vulgaris var. dunensis (Castaiera,
J.L. Alonso & G. Moreno) Weholt & P.
Alvarado comb. nov.

Basionym: M. esculenta f. dunensis Castafiera,
J.L. Alonso & G. Moreno, Yesca 8: 27 (1996)
= Morchella andalusiae Clowez & L. Romero
in Clowez, Bull. Soc. Mycol. France 126:
255.2012

= Morchella dunensis (Castafiera, J.L. Alonso
& G. Moreno) Clowez

= Morchella spongiola var. dunensis R. Heim,
Les Champignons d'Europe, 1 Généralités.
Partie Descriptive: Ascomycetes (Paris): 260
(1957). [nom. inval., Art. 39.1]

Mycobank: MB838153

Loizides et al. (2016) considered M. esculenta
f. dunensis a distinct species closely related to
M. vulgaris based on their reciprocal mono-
phyly, unique ecology, and subtle diagnostic
morphological features. The ITS sequences

Figure 4. Morchella vulgaris, Rogaland, Karmay,
Akra, 31 March 2019, leg. Terje Mikkelsen.
Photo: Terje Mikkelsen.
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analysed by them differed in 7/1000 bp, while
no evident apomorphic sites were present in
three other genetic markers (RPBI, RPB2,
TEFI). Intermediate ITS sequences between
both taxa are known (AJ539473 from Kellner
et al. 2007, GQ228476 from Kanwal et al.
2011, MN513757 and MN513758 from Du
et al. 2020). Future studies are needed to
more accurately determine the taxonomic
status of these collections.

Partial reproductive isolation can be driven
by multiple factors, including specialised
habitat, a feature employed by Loizides et al.
(2016) to separate M. dunensis from M. vul-
garis. However, collections identified as M.
dunensis occur in a variety of habitats, including
the original coastal sandy soils with Ammophila
(Castafiera and Moreno 1996, Clowez 1997,
Snabl et al. 2019), as well as other habitats asso-
ciated with Fraxinus, Castanea, and Ranun-
culus (Clowez 2012), Pinus forests (Tagkin et al.
2012, Kaygusuz et al. unpubl., Bozok et al.
2020), and Malus orchards (Loizides et al.
2016). These habitats appear to be shared by M.
vulgaris (Petrzelova and Sochor 2019). In the
present work, the sequenced Norwegian
collection of this taxon, collected by J. L
Johnsen, was from a sand dune meadow in Ha,
Rogaland on the Atlantic coast of S Norway.
Two additional collections were from sand
dunes in Ha collected by the same person and
accessioned in O, but not sequenced. A col-
lection from Mallorca (Balearic Islands, Spain)
was analysed as well to provide further infor-
mation about this taxon. According to Clowez
and Moreau (2020), M. esculenta occasionally
occurs in sand dunes, suggesting that this
habitat alone is not enough to enforce complete
reproductive isolation in these species. Finally,
M. dunensis does not appear to occupy a
particular geographical area, as it has been
found in the Mediterranean region, but also
in Xinjiang province of China (MK321872,
MK321873), and now in Norway coastlands.
These results suggest that M. dunensis does
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not have a significantly distinct habitat or
distribution. Therefore, both names probably
refer to partially isolated populations that
occasionally occur in the same habitats and
interbreed, so we here choose to consider M.
dunensis a variety of M. vulgaris.
Morphologically, M. vulgaris var. dunensis
has a labyrinth-like or somewhat spongy
appearance and a remarkable odor similar to
M. vulgaris var. vulgaris, but it is smaller and
rounder (Clowez and Moreau 2020). The noted
differences between the two (Loizides et al.
2016) could have a genetic basis, especially if
M. vulgaris var. dunensis is a partially isolated
population, but these differences could also be
due to the influence of sandy environments. A
more complete study including collections
from other habitats and geographical regions
is needed to further investigate these issues.

Summary

In Norway, three taxa of yellow morels are
currently known: M. esculenta, M. vulgaris
var. vulgaris and M. vulgaris var. dunensis.
They produce ascomata from primo March to
primo July. The relatively common Morchella
esculenta occurs mainly in the SE part of the
country, in temperate and hemiboreal regions,
but possibly as far north as 66° in N Norway,
almost at the Arctic Circle. The other two taxa
were found on the Atlantic West coast of S
Norway. Yellow morels are by far less com-
mon than black morels in Norway. In general,
yellow and black morels are readily distingu-
ished, but our study indicates that especially
the black morel M. norvegiensis easily may
be mistaken for a yellow morel when only
the shape of the cap is considered - which has
been the traditional way in Norway to distingu-
ish between ‘rundmorkler’ and ‘spissmokler’.
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