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SAMMENDRAG

Pythium arter er organismer spredt over hele
verden. De fleste lever som saprofytter, men
noen av dem er patogene. Her beskriver vi
sykdomstilfeller i granplanter (Picea abies)
som er forarsaket av Pythium undulatum og
patogenitet in vitro til norske isolater av P.
undulatum og P. anandrum.

ABSTRACT

Pythium species are fungal-like organisms
distributed all over the world. Most Pythium
spp. live as saprophytes, but some of them
are pathogenic. Here we report on disease
incidence in Norway spruce (Picea abies)

seedlings caused by Pythium undulatum, and
pathogenicity in vitro of Norwegian isolates
of P undulatum and P. anandrum.

INTRODUCTION

Pythium species (class Oomycota) are fungal-
like eukaryotic microorganisms inhabiting a
wide range of environments worldwide and
commonly referred to as water molds. Because
their morphology is superficially similar to
that of true Fungi (Eumycota), they used to be
included in the kingdom Eumycota. However,
recently discovered major structural distinctions
between Oomycota and Eumycota indicate
that Oomycota are more related to Strameno-
phila, a lineage including photosynthetic brown
algae, and therefore phylogenetically very
distant from the kingdom Eumycota. Many
oomycetes are saprobic, but some are patho-
gens of plants and animals. The high growth
and spread rate of Pythium spp. makes rapid
detection and identification crucial for
development of control strategies.

In Norway a serious root dieback of Norway
spruce (Picea abies (L.) H. Karst) seedlings
in forest nurseries in the 1980s was caused
mostly by Pythiaceous organisms (Venn 1985).
Similar “dying off” symptoms in Noble fir
(Abies procera Rehder) were observed during
the early 1980s in the USA (Chastagner et al.
1995) and in the mid 1980s in Ireland (Ward
1994, Shafizadeh and Kavanagh 2005). Losses
were estimated to 30% - 50% of the seedlings
in the USA (Chastagner et al. 1995). In Norway,
the source of inoculum turned out to be the
sand layer under the nursery containers,
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Table 1. Geographic origin of P. anandrum (Pa) and P. undulatum (Pu), isolates.

Isolate Isolated from Locality
P.a. 231071  Soil (baiting with pepper seeds) Mixed forest in Vestby,
(CBS139433) Akershus
P.a. 231207  Water (baiting in situ with Rhododendron Fut river, Breiva, Bodg,
leaves) Nordland
P.a. 231603  Soil Arboretum, Milde, Bergen,
Hordaland
P.u. 231080 Brackish water (baiting in situ with grass) Shoreline, Askvika,
Hjelmeland, Rogaland
Pu. 231391  Brackish water (baiting in situ with Shoreline, Askvika,
Rhododendron leaves) Hjelmeland, Rogaland
Pu. 231595  Water (baiting in situ with alder seeds) Langfjord lake, Ser-Varanger,
Finnmark
Pu. 231598  Water (baiting in situ with Rhododendron Langfjord lake, Ser-Varanger,
leaves) Finnmark
Pu. 231606  Water (baiting in situ with Rhododendron Loken lake, Ser-Varanger,
leaves) Finnmark
Pu. 231617  Potamogeton sp. (aquatic plant) Loken lake, Ser-Varanger,

lized in sodium hypochlorite (4.5%, v/v) and
germinated on malt agar medium (1.25% malt,
w/v and 2% agar w/v) in petri dishes. After
the disinfected roots had germinated to about
2 cm length, six seedlings were placed in a
circle around the front line of growing mycelia
of either P undulatum or P. anandrum on
malt agar medium. Viability of each root was
evaluated daily as a percentage of damaged
tissue.

Finnmark

RESULTS AND DISCUSSION
Pythium undulatum caused stunted growth
and mortality of shoots and roots in
nurseries
Seedlings inoculated with P. undulatum were
shorter, with mean shoot length of 98 mm,
while shoots in control seedlings had mean
shoot length of 158 mm. Also, shoot mortality
was highest in seedlings inoculated with P.
undulatum, causing 12-18% dieback in nur-
series A and B, while more than half of the
inoculated seedlings died in nursery C (Table 2).
Root system evaluation of seedlings ino-
culated with Pythium (n=108) showed that
28% of the seedlings had healthy roots (0-5%
damage), 33 % of seedling had roots with
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Table 2. Shoot viability in seedlings inoculated with P. undulatum.

Nursery A Nursery B Nursery C  Nursery C
(n=776) (n=763) (n=871) (n=871)
Treatment Symptomatic Dead  Symptomatic Dead  Symptomatic Dead
(%) (%) (%) (%) (%0) (%)
Pythium- 9 18 18 12 6 52
inoculated
Control 0 0 0 0 0

moderate dieback (6-50% damage) and 39%
of seedlings had roots with extensive dieback
(51-100% damage). In control seedlings 93%
had healthy roots, 6% had moderate dieback,
and one percent had extensive dieback.

Pathogenicity of P undulatum and P.
anandrum isolates in vitro

All isolates tested showed a high level of
pathogenicity, except the P. undulatum isolate
nr. 231598, which did not cause much tissue
damage (Fig.1). Fifty percent of the fine roots

of Norway spruce were damaged 2-3 days
after infection with two P. anandrum (no.
231071 and 231207, see Fig. 1). Similar
rapid damage was detected for two isolates
of P undulatum (nr. 231080 and 231391, see
Fig. 1). All the other P. undulatum isolates
and one P. anandrum isolate were slower to
cause damage, causing about 20-30% tissue
damage after 2-3 days. However, after 6 days
all the pathogenic isolates caused almost
complete tissue damage (Fig. 1), whereas
control tissues were healthy.

Figure 1. Pathogenicity test showing percentage of damaged tissue in Norway spruce seedlings
inoculated with Pythium anandrum (Pa) and P. undulatum (Pu), and assessed daily for health

condition up to six days after infection.

8
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Conclusions

In a phylogenetic analysis of 116
Pythium species, based on the ITS
region of the nuclear ribosomal
DNA, P. anandrum and P. undu-
latum cluster in the same group,
clade H (Levesque and De Cock
2004). Species in this clade are
characterized by very large spor-
angia, and ornamented oogonia
(Fig. 2A, P. anandrum). We show
here that P. undulatum (Fig. 2B)
and P. anandrum are pathogenic on
young plant tissues, as they cause
damage both on Norway spruce
seedlings inoculated in nurseries,
but also on plant tissues in vitro.
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SAMMENDRAG

Noen lite kjente telamonioide slarsopper
(Cortinarius) er studert morfologisk og
fylogenetisk, inkludert tre nye arter for
vitenskapen og atte nye for Norge. Folgende
nye arter er beskrevet:

C. puellaris (knyttet til lind, hassel og eik),
C. annae-maritae (bjork, bek) og C. subtilis
(lind, hassel, bek, edelgran). Cortinarius
puellaris er kjent fra 12 genetisk verifiserte
kollekter, og tilherer artskomplekset rundt C. cf.
cristatosporus. Denne arten er fylogenetisk
velavgrenset, men har overlappende morfo-
logiske karakterer med sesterarter, og kan
saledes betraktes som en semi-kryptisk art.

Beskrivelsene av de to sistnevnte artene er
basert pa én kollekt av hver. Disse to synes
begge & veare relativt isolert bade fylogenetisk
og morfologisk, men mer material er nedvendig
for & kunne fastsla graden av morfologisk
differensiering. Cortinarius subtilis er kjent
fra ulike deler av Europa, i form av sekvenserte
mykorrhiza-prever, men er kjent med frukt-
legemer kun fra typematerialet fra SO Norge.

Mer enn 70 telamonioide slersopparter er
funnet nye for Norge de siste fem &rene. Av
disse er folgende, karakteristiske arter ner-
mere presentert her: C. conterminus, C. fusco-
umbrinus, C. fuscescens, C. impennoides, C.
microglobisporus, C. niveotraganus, C. pseudo-
fallax og C. salicticolus.

ABSTRACT

Some little known telamonioid Cortinarius
taxa are studied morphologically and phylo-
genetically, including three new species and
eight new to Norway. The following new
species are described; C. puellaris (Tilia-
Corylus-Quercus associate), C. annae-maritae
(Betula-Fagus) and C. subtilis (Tilia-Corylus-
Fagus-Abies). Cortinarius puellaris is known
from 12 genetically verified collections, and
belongs to a complex around C. cf. cristato-
sporus. This is well-supported phylogenetically,
but has overlapping morphological characters
with sister taxa, and can be regarded as a semi-
cryptic species. The descriptions of the two
latter species are based on one collection
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of each. These two seem both to be rather
isolated species phylogenetically and morpho-
logically, but more material is needed to con-
firm their degree of morphological differenti-
ation. Cortinarius subtilis is known from
various parts of Europe, from sequences based
on mycorrhizae samples, but is known with
basidiocarps only from the type collection
from SE Norway.

More than 70 telamonioid species are found
new to Norway the last five years. Of these,
the following species are treated here: C.
conterminus, C. fuscescens, C. fuscoumbrinus,
C. impennoides, C. microglobisporus, C. niveo-
traganus, C. pseudofallax and C. salicticolus.

INTRODUCTION

Telamonioid cortinarii into the DNA-era
Cortinarius is the largest genus among the
agaricoid fungi, assuming to include at least
900 species only in the Nordic countries
(Knudsen and Vesterholt 2012). Based on
morphological features, five to eight subgenera
have usually been distinguished, of which
subgenus Telamonia (including Sericeocybe)
and Phlegmacium are the largest, housing
more than two-thirds of the species (see e.g.
Brandrud et al. 1990-2013, Knudsen and
Vesterholt 2012). Molecular data have indicated
that these subgenera as traditionally circum-
scribed, are not monophyletic (e.g. Peintner et
al. 2004, Stensrud et al. 2014, Garnica et al.
2015). The Telamonia species together with
species from subgenus Dermocybe form a
“super-clade” from which a number of more
or less supported clades can be distinguished,
including 7elamonia s. str., the telamonioid
Obtusi and Anomali as well as several dermo-
cyboid groups (Stensrud et al. 2014). However,
more evidence from multi-gene studies are
needed to find a well-supported phylogeny at
the subgenus-sectional level in Cortinarius.
Until the phylogenetic relationships at these
levels are more settled, we propose to use
morph-based expressions such as telamonioid

12

and phlegmacioid Cortinarius species for our
taxa.

The telamonioid cortinarii have always
been poorer understood than other kinds of
Cortinarius species. These ‘“anonymous
brown ones” often have few microscopical
distinguishing features and are regularly
underrepresented in fungas and at fungus
exhibitions, even though a vast number of
species has been described (cfr. the numerous
studies of Henry, e.g. Henry 1935, and the
Atlas des Cortinaires, e.g. Bidaud et al. 2000,
2003 from France). However, due to varia-
bility, overlap in most morphological charac-
ters, combined with the rarity of many taxa,
species delimitations have often been vague,
based on very little material and taxonomic
not very relevant variation. As a result, a great
many Telamonia names are hardly possible
to interpret based on morphology and are not
in common use use among cortinariologists.
Even the best cortinariologists have to admit
that there are a lot of telamonioid species out
there that remain unrecognized morphologically.

On this background, the introduction of
genetic methods has been a revolution in
taxonomy of the telamonioid species. Without
barcoding, using ITS sequences it would
probably not have been possible to sort out
the most critical groups. With the aid of
extensive ITS sequencing, combined with
detailed morphological studies, a new and
quite more complete taxonomy is now estab-
lished in critical groups such as sect./clade
Brunnei, Armillati as well as the coniferous
forest species of Bovini (Niskanen et al. 2009,
2011, 2013a), whereas the critical Hinnulei-
Safranopedes and the Duracini are still
unresolved.

However, these phylogenetic-morphological
studies have also shown that not all genetically
differentiated taxa are morphologically
distinguishable, and for many of the rarest
taxa, we have simply not sufficient data to
state whether these are morphologically well
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differentiated or not. Some genetically well
supported Bovini species, apparently have
overlapping morphological features (Niskanen
et al. 2013a), and seem in some cases to be
very difficult to distinguish morphologically.
In the case of the six species of the recently
treated Disjungendi, the degree of morpho-
logical differentiation is hardly known at
present, and the members could be termed
cryptic or semi-cryptic species (Liimatainen et
al. 2015). However, true cryptic species, well-
supported genotypes without any morpho-
logical differentiation at all, seems to be rare:
The more accurately the critical genotypes are
studied, the more morphological different-
iations are found. The C. bovinus-complex,
formerly regarded as one morphospecies,
now including 7 species with some morpho-
logical differentiation, 1is one example
(Niskanen et al. 2013a).

During the last 5 years, more than 250
specimens of critical telamonioid Cortinarius
species have been ITS-sequenced in connection
with projects at Norwegian Institute for Nature
Research (NINA), including a Cortinarius
Species project 2010-2012 under The Nor-
wegian Biodiversity Information Centre
(“Artsdatabanken’). Here, some of the results
from these studies are presented, including
descriptions of three new species which are
of conservation biology interest, as well as
the presentation of some characteristic and
well-identifiable new species to Norway.

MATERIALS AND METHODS
Morphological methods
Altogether 38 collections of the 11 taxa pre-
sented were examined. Only specimens with
both morphological and phylogenetic data
were included in the study. Most specimens
were collected by the authors from Nor-
wegian sites.

Spores and other microscopic features were
studied and measured with a 100 x oil im-
mersion lens (achromatic Zeiss and Leiz

Brandrud et al.

equipments), with mounts in 2% KOH and
Melzer’s reagent. From each basidiocarp, a
random selection of ten to twenty mature
spores obtained from cortina remnants/stipe
surface were measured excluding apiculus
and ornamentation. Mean values (MV) of
spore length and width as well as Q-values
(length/width ratio) were then calculated for
each specimen. For type collections of new
species, up to five different specimens were
measured per. collection. The pileipellis and
lamellae tissue were studied in 2% KOH.

The colour standards used are those of
Kornerup and Wanscher (1978; abbr. KOR)
and Cailleux (1981; abbr. CAI). Norwegian
red list categories referred for species and
habitat types are those given by Henriksen et
al. (2015) and Lindgaard and Henriksen
(2011), respectively. The collections made by
the authors are deposited in the herbarium of
the University of Oslo (O), or as otherwise
cited.

Molecular methods

For the DNA extraction and PCR reactions
mainly the Phire® Plant Direct PCR Kit
(Thermo Scientific, USA) was used following
the recommendations of the manufacturer, but
also other DNA extraction kits were applied
(Freslev et al. 2005, 2007).

The ITS region of the ntDNA was ampli-
fied with the primer pairs ITS1F/ITS4 or
ITS1F/ITS4B (White et al. 1990, Gardes and
Bruns 1993). Majority of the amplicons were
sequenced at LGC Genomics (Berlin, Germany)
with the same primers used in PCR reactions.
The electropherograms were checked, assem-
bled and edited with the CodonCodeAligner
4.1. (CodonCode Corporation, Centerville,
MA, USA).

Some sequences were produced at the
University of Oslo and University of Copen-
hagen, using similar methods. Some were
generated in collaboration with the Nor-
wegian Barcode of Life Network (NorBOL)
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Figure 1. Phylogenetic tree inferred from nrDNA ITS sequences using RAXML. BS values > 50%
are indicated at branches. Species treated in the paper are marked with bold as well as the
sequences generated for this study. Scale bar indicates 0.05 expected change per site per branch.

as part of BOLD. For BOLD methods, see
Ratnasingham and Hebert (2007, 2013).
Multiple sequence alignment was done by
PRANK (Loytynoja and Goldman 2005) as
implemented in its graphical interface
(PRANKSTER) under default settings. After
its manual adjustment in SeaView (Gouy et al.
2010), the alignment comprised 844 characters.
The phylogenetically informative indels were
coded following the simple indel coding
algorithm (Simmons et al. 2001) with the
program FastGap 1.2 (Borchsenius 2009).
Adding indel characters to the nucleotide
alignment of ITS sequences increases the
robustness of the phylogenetic analyses
(Nagy et al. 2012). The final matrix including
nucleotide + binary data was 1150 characters
long. Maximum Likelihood analysis was
carried out using RAXML (Stamatakis 2014)
in raxmlGUI (Silvestro and Michalak 2012).
To test branch support, rapid bootstrap

analysis and 1,000 replicates under the
GTRGAMMA substitution model was used
for the partitioned alignment (ITS + indels).
Cortinarius anomalus (AF325581) was
selected as outgroup.

Altogether 110 sequences (+ 1 outgroup)
were included in our phylogenetic analysis of
which 33 were newly generated in this study
(Fig. 1, Table 1). For the rest, we sampled
sequences of morphospecies similar to the
Norwegian species and published in relevant
literatures (e.g. Niskanen 2014, Niskanen et
al. 2009, 2011). Furthermore we used BLAST
(Altschul et al. 1990) for searching the most
similar sequences to ours. Some sequences
had insufficient length or quality, and these
are excluded from the analysis (Fig. 1), and
not submitted to GenBank. Nevertheless,
these sequences could be used for identification
using BLAST against public databases (e.g.
GenBank, UNITE).
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we have been able to document more than 80
new Cortinarius species to Norway, including
at least 71 telamonioid ones (Table 2). An
element of these does not match existing,
sequenced species, and are probably new to
science. A couple of these are included in the
red list 2015, and are published here, whereas
others will be published later. Many of the
taxa in Table 2 are reported as new to Norway
in the present paper, others in some recent
publications Niskanen et al. (2013a) for some
Bovini  species, Brandrud and Bendiksen
2014a,b for some sandy pine forest species
and Evju et al. 2014 for a number of calcar-
eous Tilia-Corylus forest species (Table 2).

Some of the new-to-Norway species are
characteristic and rather easy recognizable
based on morphology and habitat, and these
are treated in the present paper.

General remarks

Among the approx. 250 Norwegian telamon-
i0id Cortinarius specimens sequence-studied
by the present authors in the last 5 years, almost
one-third appears to belong to new species to
Norway. This indicates the still limited know-
ledge on the biodiversity of the genus in the
region, in spite of long ongoing studies on the
genus in Norway. Furthermore, a considerable
number of well-supported genotypes of the
telamonioid taxa have no sequence match in
public databases, or match only with sequen-
ces from environmental samples (soil samples)
with no names or notes on basidiome morpho-
logy. Some of these sequenced taxa without
proper names appears to be differentiated
morphologically from known taxa when
studied closely (as shown above), whereas
the morphological differentiation of others
are hardly known at the moment.

Our data is one of more recent examples
that show the lack of basic knowledge about
species numbers of telamonioid cortinarii (see
also e.g. Liimatainen 2014, Liimatainen et al.
2015, Niskanen et al. 2013). There is now a
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need to speed up the description of new spe-
cies in such groups, and make genetic barcode
data available for reference to ecologists and
other workers directly reliant on taxonomic
work. In this situation, it seems better to de-
scribe new species on scanty material, based
mainly on phylogenetic evidence, supported by
the available morphological evidence, rather
than wait for years for better and more com-
plete taxonomical data. Parallel with that,
there is a need to refine a modern phylogenetic-
morphological species concept for such critical
groups, including taxonomic group studies
on barcoding gaps and optimal dissimilarity
threshold levels (Garnica et al. in prep.).

Descriptive part
New species:

Cortinarius annae-maritae Bendiksen &
Brandrud sp. nov.

Fig. 2a, 3a

MycoBank: MB814274

Type

Norway, Finnmark, Alta, Storelvdalen, Vatn-
heim E, Nature-type locality BN 00062755
Tvestraumen, UTM EC 58 32, 30 m a.s.l,,
middle boreal zone, sandy pine forest with
Pinus sylvestris and Betula pubescens, heath
type, 17 Aug. 2013, leg. A.-M. & E. Bendik-
sen, EB108/13 (holotype, O-F74990, herb.
0O). GenBank KT591589.

Etymology: Named after the daughter of E.
Bendiksen, co-finder of the fungus at the
type locality.

Pileus 2,5-3 cm, obtusely conical-campanu-
late, regular, later expanded and umbonate,
when young with fibrillose whitish veil rem-
nants in a broad margin zone; hygrophanous;
redbrown, on drying first becoming bicolour-
ed and vividly ochraceous brown from centre,
finally entire pileus surface pale ochraceous
brown. Lamellae rather crowded, vividly
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Figure 2. Spore sketches. a: Cortinarius annae-maritae. EB 108/13 b: C. puellaris. TEB 431-14 c:
C. subtilis. EB 726/11 (all from holotypes). Drawings: K. Bendiksen.

ochraceous-fulvous brown when young, later
darker, reddish brown. Stipe 6-9 x 0.4-0.55 cm
at apex, cylindrical or faintly thinner towards
base; when young with distinct white veil
remnants, partly somewhat patchy in the lower
part; silvery fibrillose, pale, upper part initially
with a distinct violet tinge, lower part with age
and touch becoming somewhat fleshy brown.
Context with bluish violet tinges in stipe apex;
smell insignificant.

Spores (6.5-)7-7.5(=8) x 5-5.5(-6) pm, MV
=7.18 x 5.33 um, Q = 1.35; broadly ellipsoid
to almost subglobose, rather weakly and den-
sely verrucose. Basidia more or less hyaline,
with some granulate content; lamellac edge
more or less sterile, with short, clavate, hya-
line elements (mainly 7-8 um wide, up to 10
um); lamellae trama of narrow, up to 10(—15)
pm wide hyphae, weakly pigmented, with
faintly thickened yellow walls, no encrustra-
tions seen. Pileipellis duplex; epicutis thin, of
approx. 3-5 layers, of 3—10 um wide, distinctly
yellowbrown, zebra-striped(-verrucose) en-
crusted pigmented; subcutis (hypodermium)
subcellular of inflated elements up to 25(—30)
pum wide, pigment yellow, parietal, forming an
amber-like embedment, pigment encrusted in
transition layers to epicutis. Brown, oleiferous
hyphae not seen.
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DNA (ITS) sequence

The type sequence (from present study) and
sequences of ectomycorrhizal/basidiocarp
samples from Denmark are almost identical.
Differences observed are 1 or 2 indel positions,
and in the case of AM161517 one nucleotide
difference exists.

Habitat and distribution

Known from one site (the type site) in N
Norway, and one from Denmark (Zealand).
The Norwegian find was from a sandy pine
forest, with the typical north Fennoscandian
mixture of Pinus sylvestris and some Betula
pubescens, and with ericaceous vascular plants
and moss (Pleurozium). The Danish finds
were from a mycorrhizal project in a Fagus
sylvatica forest. The species is documented
as a mycorrhizal partner of Fagus sylvatica
in Denmark (R. Kjeller, pers. comm.), and
Betula is the most probable host in N Norway.

Investigated material

Norway: Finnmark, Alta, Storelvdalen, Vatn-
heim E, Tvestraumen (Nature-type locality
BN 00062755), 30 m a.s.l., middle boreal zone,
sandy pine forest with Pinus sylvestris and
Betula pubescens, heath type, 17. Aug. 2013,
A-M. & E. Bendiksen, EB108/13 (holotype,
0-F74990). Denmark: Zealand, Ringsted
NW, Lille Begeskov, 12. Sept. 2001, M.
Christensen, MCO1-515 (herb. C, sub nom.
C. decipiens, C-F-84760).

AGARICA vol. 36



Comments
The type Cortinarius annae-maritae is charac-
terized by its red brownish pileus and viola-
ceous blue tinge on stipe apex, contrasting the
(red)brownish lamellae (without any bluish
tinge). Microscopically, the broadly ellipsoid-
subglobose, small spores are remarkable.
According to notes on the Danish collection,
the pileus here was violaceous brown (very
young material). Unfortunately, no spores
were found in the Danish material (too young).
The species resembles some small, slender
telamonias in the Hydrocybe group/section
with a distinct bluish stipe apex such as C.
decipiens, C. bibulus coll., C. praestigiosus
coll,, C. cf. subcastaneus and possibly also
C. casimiri coll. However, these can be distin-
guished by the following features; darker,
more grey brownish, fibrillose pileus and
association mainly with Salix (C. decipiens);
smaller basidiocarps, with stronger bluish
colour, and an association with Alnus (C.
bibulus coll.); veil/basalmycelium turning
reddish (C. praestigiosus coll.); with more
grey brownish-dark brownish pileus, small,
strongly verrucose spores and an association
with Corylus-Tilia (C. cf. subcastaneus); or
having larger spores, more fibrillose veil and a
pinkish tinge on the base of stipe (C. casimiri)
(see Lindstrom 2012). All of these species
also have more narrow, ellipsoid spores, except
C. cf. subcastaneus, as here interpreted (Table
2), but the latter has more strongly verrucose
spores. With its small, broadly ellipsoid spores,
the species might also resemble some taxa in
the C. flexipes-group, such as C. inolens and
C. comptulus, but these have more grey brown-
olive brown colours, without a bluish stipe
apex. Microscopically the species also resem-
bles C. vernus, e.g. with sterile lamellae edge,
and broad spores, but this has much more
strongly ornamented spores.
Phylogenetically, C. annae-maritae is not
nested in the same clade as C. decipiens, but
comes close to some other taxa in the Hydro-
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cybe group with good support (Fig 1.), such
as C. bibulus coll. and a C. cf. albonigrellus
collection from Svalbard (Bjorbakmo et al.
2010). Cortinarius annae-maritae is well-
supported genetically, and differs by 15 nucleo-
tide and indel positions from the known closest
relative (KC876299, a mycorrhizal sample of
unknown morphology) (Fig. 1).

Small, slender telamonias with a brown
cap and stem with violet tinge (often associ-
ated with the name C. decipiens) have always
been difficult to identify by morphological
characters, and the species may have been
overlooked. The present species probably has
a rather wide distribution and habitat range,
from north Scandinavia in middle boreal
Betula-Pinus forests to south Scandinavia in
nemoral Fagus forests. A mycorrhizal associ-
ation with Fagus sylvatica is documented in
the Denmark site (R. Kjeller, pers. comm.; see
GenBank sequences), and Betula pubescens
is the most probable host in N Norway.
Possibly, this species has a similar habitat and
distributional range as some (other) Fagus-
Betula associates, such as C. balaustinus and
C. talus.

Cortinarius puellaris Brandrud, Bendiksen
& Dima, sp. nov.

Fig. 2b, 3b, 4

MycoBank: MB814275

Type:

Norway, Akershus, Asker, Sjostrand S, cal-
careous lime forest under Tilia cordata and
Corylus avellana, 10 Sept. 2014, leg. T.E.
Brandrud & B. Dima, TEB 431-14 (holotype,
herb. O), DB5474 (isotype, herb. BP). Gen-
Bank KT591581.

Etymology: from latin puella; young girl,
referring to its small, tender and gracile habit.

Pileus 0.5-3 c¢m, acutely conical to campanu-
late, later (acutely) umbonate, strongly hygro-
phanous and distinctly translucently striate;
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Figure 3. a: Cortinarius annae-maritae. EB 108/13 (holotype). Alta, Vatnheim. b: Cortinarius puellaris.
TEB 820b-11. Rayken, Taje. Photos: a: E. Bendiksen; b: K.H. Brandrud.

glabrous with no traces of veil remnants,
except when very young sometimes faintly
silvery of fine veil treads; ochraceous brown
to darker (red)brown-umber brown, margin
initially whitish; ochraceous white when dry.
Lamellae crowded, adnate, edge even to finely
fimbriate-serrulate, initially rather pale ochra-
ceous yellowbrown to fulvous brown, later
rather pale brownish to darker (chocolate)
brown, edge pale, sometimes whitish. Stipe
3-6 x 0.2—0.4 cm, with clavate-cylindrical
(-tapering) base, firm, slightly cartilaginous;
fibrillose of few, whitish veil remnants when
young, then glossy without visible veil rem-
nants; initially ochraceous white in upper part,
soon ochraceous grey brown, and developing
a dark clay brown colour from the base and
when bruised, some become slightly more
olivaceous ochre (like in C. flexipes-group).
Context watery grey brown-ochraceous brown
when moist, darker brown in pileus, often
darker brown in the lower half of the stipe;
smell insignificant.

Spores 8-9(-9.5) x 5.5-6(-6.5) pm, MV =
8.75 x 5.87 um, Q = 1.49; broadly ellipsoid-
ovoid, densely and very strongly verrucose,
warts often prominent spiny-dentate, especially
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distally (up to approx. 1.5(-2) um long “teeth”);
some spores (in spore deposits) only mode-
rately verrucose, rarely the majority of depo-
sited spores moderately verrucose. Basidia
hyaline with refractive granules; lamellae
edge more or less sterile, with short, clavate,
hyaline elements (up to 10 um wide); lamellae
trama with distinct, yellow brown pigment;
pigment parietal to distinctly encrusted, with
pale, irregular small crusts or more zebra-
striped pattern. Pileipellis duplex; epicutis
thin, of 3—-8(—10) um wide hyphae, at surface
hyaline or with pale yellowish, membranal
pigment, and at least basally with distinct,
zebra-striped, yellowbrown, encrusted pigment
(like in lamellae trama); subcutis (hypoder-
mium) subcellular of inflated elements up to
25 um wide, pigment yellow, parietal, amber-
like, cementing the elements, encrusted in
transition layers to epicutis. A few, narrow,
brown hyphae with oleiferous necropigment
seen.

DNA (ITS) sequence

12 collections have been sequenced. The
species shows a minor infraspecific variation
of 1-2 nucleotides.
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Figure 4. Cortinarius puellaris. TEB 431-14 (holotype). Asker, Sjgstrand S. Photo: B. Dima.

Habitat and distribution

In SE Norway occurring in a number of cal-
careous lime forests under 7ilia cordata and
Corylus avellana. Also found in calcareous
Quercus ilex forests in S France. The species
is probably widely distributed calcareous
Quercus-Carpinus-Tilia(-Fagus?) forests
throughout temperate-boreonemoral parts of
Europe. The species is redlisted as VU (vulne-
rable) in Norway due to its association with
calcareous lime forests which is a threatened
habitat.

Investigated material

Norway, Oslo, Bygdey, T.E. Brandrud & B.
Dima, TEB 214-14; Akershus, Berum, Deli-
vann, T.E. Brandrud & B. Dima, TEB 368-
14, Asker, Sjestrandvegen, TEB 529-11,
Sjestrand S, T.E. Brandrud & B. Dima, TEB
431-14, DB5474 (holotype), Elnestangen
SW, T.E. Brandrud & B. Dima, TEB 441-14;
Buskerud, Hole, Bratafjellet, TEB 699-11,

TEB 719-11, TEB 790-11, Reyken, Tije,
TEB 820b-11; Telemark, Bamble, Langesund-
tangen nature reserve, TEB 327-10.

France: Languedoc-Roussilon, Hérault, Bédari-
eux, TEB 990-13, TEB 991-13.

Comments

Cortinarius puellaris is a very small, tiny,
galerinoid cortinarii with ochre brown-
redbrown striate pileus with a more greyish
brown, darkening stipe. The very strongly
verrucose-spiny, broadly ellipsoid spores are
furthermore a remarkable feature. Cortinarius
puellaris is found in several localities in cal-
careous Tilia-Corylus forests in SE Norway.
Here it co-occurs with a closely related taxon
with slightly larger, strongly verrucose-spiny
spores. The latter taxon corresponds well
with C. cristatosporus Reumaux and to some
degree also to C. russulaespermus Carteret
(with more amygdaloid spores) described
from France in Atlas des Cortinaires (Bidaud
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Figure 5. Cortinarius subtilis. EB 726/11 (holotype). Asker, Lgkeneshalvaya, Spireodden. Photo: K.

Bendiksen.

often rather pronounced on the lower part.
Context pale, with a fleshy brownish tinge;
smell insignificant.

Spores 7-8.5 x 4-5 pm, MV = 7.79 x 4.50
um, Q = 1.73, subamygdaloid (-ellipsoid),
weakly and densely verrucose, rather weakly
dextrinoid. Basidia hyaline, often with some
granulate content, some with more or less
brownish, amorphous necropigment; lamellae
edge more or less fertile; lamellae trama of
more or less narrow hyphae, on mature speci-
mens also with some inflated elements up to
25 pm wide, trama distinctly pigmented, with
thickened yellow walls, in some specimens
also with distinct yellow brown, zebra-striped
encrustrations on narrow elements and thick
yellow walls on wider ones, with brown
pigment lumps in the corners. Pileipellis
duplex; epicutis thin, of approx. 3—5 layers,
of 3-10 um wide and long hyphae, pigmen-
tation variable, hyphae distinctly yellow brown
zebra-striped encrusted to almost smooth, with
yellow walls; subcutis (hypodermium) more or

less subcellular (elements often twice as long
as wide) of inflated elements up to 25 pm
wide, pigment distinct to strong, mainly
yellow(brown) parietal, forming an amber-
like embedment. Brown, oleiferous hyphae
not seen.

DNA (ITS) sequence

Six sequences from mycorrhizal samples are
deposited in GenBank (Fig. 1). No infraspecific
variation found. The species is phylogenetically
well-supported and rather isolated, distin-
guished from the closest relatives in ITS
region by more than 20 nucleotide and indel
differences.

Habitat and distribution

The type was found in the boreonemoral zone
of SE Norway, in calcareous lime forests under
Tilia cordata and Corylus avellana. These tree
species are the most probable mycorrhizal
associates, but also other possible hosts were
observed at the site (Quercus at 6-7 m distance,
tall Betula 5 m). The basidiocarps (about 20
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to slightly distant, pale brown as young, later
rusty brown to reddish brown. Stipe 3.5-6 x
0.4-1 cm at apex, cylindrical to often irregularly
clavate (bulb up to 1.5 cm), sometimes with
tapering base; silvery fibrillose, pale greyish
with sparse veil, then brownish grey. Context
when young pale brownish, becoming slightly
darker brown with age (but never dark brown
in base of stipe), smell insignificant.

Spores (6.5-)7-8.5 x (4-)4.5-5 um, sub-
amygdaloid (-ellipsoid) weakly (finely) and
densely verrucose.

DNA (ITS) sequence

7 collections sequenced here (+ 4 in GenBank,
from Finland). No infraspecific variation
seen. Distinguished from related species by >
11 nucleotide and indel positions in the ITS
region (Niskanen 2014).

Habitat and distribution

Locally common in moderately rich (meso-
trophic) to calcareous, young low herb spruce
forests (planted after clear cutting) in southemn-
middle boreal zones in SE Norway, also
observed in older forests. Only found under
Picea abies. The most typical habitat is dense,
young forests with a needle bed and only
sparse cover of bryophytes, grasses and herbs.
Widely distributed in S Norway from central
eastern parts (Oppland) to the southernmost
parts (Aust-Agder). Otherwise the species is
up to now only known from different parts of
S Finland (Niskanen 2014).

Investigated material

Norway, Akershus, Nittedal, Slattum, Hauger-
setra, needle bed in approx. 45 years old,
planted low herb spruce forest, E. Bendiksen,
EB 139/10. Oppland, Lunner, S. Oppdalen,
Amundrud NE, 465 m a.s.l., low herb spruce
forest, E. Bendiksen, EB 200/10; EB 617/11
(O-F74976); T.E. Brandrud, TEB 150-14;
Karussputten S, UTM NM 85 85, 400 m a.s.l.,
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south boreal zone, calcareous, moss-rich spruce
forest, E. Bendiksen, K. Bendiksen 3 Sept.
2011, (O-F74927); S. Oppdalen, Storhaugen
S, T.E. & K.H. Brandrud, TEB 101-12; Gran,
Svartbrataberget, UTM NM NM 9012 9192,
young, low herb spruce forest, T.E. Brandrud,
E. Bendiksen, 9 Aug. 2012 (O-F74962).
Aust-Agder, Froland, Jurdalsknuten Nature
Reserve, mossy, young, Picea plantation,
T.E. Brandrud, TEB 250-08.

Comments

Cortinarius fuscescens is a small, but rather
stout species usually with an umbonate, brown
pileus and sparse veil. The species is very
anonymous and is perhaps best characterized
by the lack of any remarkable, diagnostic
features. However, the small, subamygdaloid
spores (recalling those in the Duracini group)
should be noted. The species has some resem-
blances to small, dark brownish telamonias
such as C. decipiens and C. depressus, but is
slightly warmer redbrown in colours, lack any
bluish-pinkish tinges, is more fleshy, and the
spores are different. It might also resemble
species in the C. biformis-group, but is smaller,
has smaller spores, and has more uniform,
brown colours.

The species has been recorded regularly
by one of us (EB) under the working name
“C. pseudodecipiens” in a Picea plantation
(from approx. 1960) with permanent plots for
a forest succession study of macromycetes
from 1978 (Bendiksen 1980), and it still fruits
most years in several plots there (Lunner,
Oppland). The species exemplifies a typical,
anonymous and variable, small, telamonioid
species which was evaluated to be difficult to
describe as a new species on morphological
characters alone because of many similarly
looking, hardly interpretable species already
described.

The species is probably common at least
in the cambrosilurian districts in SE Norway.
A find from the very south of Norway, and
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some probable, but genetically non-verified
collections also from other parts of Norway,
and a number of finds from Finland (Niskanen
2014), indicate that this might be widely
distributed, and much overlooked in Fenno-
scandia. It is remarkable that this is not
among the many hundred small telamonias
described from France, and it must be very
rare in C—W Europe.

Cortinarius fuscoumbrinus Liimat.,
Niskanen & Kytov. 2014

Fig. 6¢

Pileus 1.5-5 cm, obtusely conical to broadly
convex with a slight umbo, later flattened to
slightly umbilicate-umbonate; when young
with fibrillose whitish to pale brownish veil
remnants at margin, soon glabrous or minutely
scaly, hygrophanous, some with a very slightly
translucently striate margin with age; dark
redbrown-umber brown, (KOR 7(-8)F6), on
drying bicoloured and also drying in striae,
becoming paler via ochraceous brown and
finally paler ochraceous. Lamellae 2—6 mm,
distant, pale ochraceous yellow brown when
young. Stipe 3-8 x 0.4-0.9(—1.2) cm, mostly
cylindrical, but some slightly clavate, base
tapering; silvery fibrillose, veil sparse as
scattered threads, whitish; rather dark brownish
grey with a red brown tinge, (KOR ca. 7F5-
4); dark brown towards the base, darkening
with age. Context pale brownish pale, darker
towards the surface, a few turning strongly
reddish-purplish in stipe base and basal
mycelia by cutting (KOR 9-10C-D6); smell
insignificant.

Spores 7.5-9 x 5.5-6(-6.5) um, broadly ellip-
soid to ovoid, strongly and rather densely
verrucose, often very strongly verrucose distally.

DNA (ITS) sequence

The one collection sequenced from Norway
is 100% identical with the two collections
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including type from Sweden. Distinguished
by >25 ITS differences from related taxa.

Habitat and distribution

The Norwegian find is from a mixed calcar-
eous forest dominated by Corylus with some
Pinus. In Sweden the species is found in dry,
calcareous Quercus-Corylus woodland (Liima-
tainen 2014). Hitherto, it is redlisted as DD
(data deficient) in Norway.

Investigated material

Norway, Akershus, Asker, Vettre E, UTM
NM 82561 33538, mixed calcareous forest,
dominated by hazel coppices (Corylus
avellana). Large Pinus 3 m and large Betula
3 m away, boreonemoral zone, 8 Sept. 2011,
E. Bendiksen, EB 709/11.

Comments

Cortinarius fuscoumbrinus is a rather small/
medium-sized and rather fleshy species
characterized by the dark umber brown pileus,
darkening stipe and the small, broadly ellip-
soid, strongly verrucose spores. The rather
vivid ochraceous brown colour of young
lamellae seems also characterizing. It looks
mainly like a small species of the C. bovini-
group, but it has no phylogenetic affinity to
the Bovini clade(s). The species resembles e.g.,
the medium large to rather small bovinoid C.
aff. rubricosus, which occurs in calcareous
Corylus-Tilia forests of the same Oslofjord
region, but this has darker lamellae and more
pronounced darkening tissue, and is quite
dissimilar in ITS sequence. It might also
remind medium-sized taxa in the C. phaeosmus
group, but these differ in a pronounced smell,
and more greybrownish colours. Phylogeneti-
cally, C. fuscoumbrinus is a well-supported
and rather isolated lineage in all analyses,
with > 25 ITS differences to all related taxa,
and seems to be a very distinct species.
Apparently, this comes closest to some small
to very small species of the Hydrocybe group,
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like C. casimiri and C. bibulus, as well as the
here described C. annae-maritae (Fig. 1),
which are morphologically quite different
species (with greybrownish and bluish tinges).

Cortinarius fuscoumbrinus is apparently
a south-southeastern species in Scandinavia,
and up to now it has been recorded only in
three places worldwide; two in Sweden (Vister-
gotland, Kinnekulle and in Oland) (Liima-
tainen 2014) and this find from Norway. All
of the localities are rich calcareous Corylus
or Corylus-Quercus forests, and well-known
mycological hot-spots for rare and threatened
species.

Cortinarius impennoides Bidaud, Moénne-
Locc. & Reumaux 2000

Fig. 6d

Pileus 2.5-7 cm, hemispherical-campanulate,
then plano-convex with or without a broad
umbo, margin rather persistently down-curved,
often irregular; silky-silvery shiny fibrillose
and a broad margin zone with white veil
remnants, sometimes rather persistent, with
age glabrous, hygrophanous, or bicoloured,
with only centre hygrophanous, not translu-
cently striate; somewhat chestnut-redbrown
at centre, more greyish brown-clay brown
towards margin (KOR 7(-9) F-E6-7, 8-7D7,
6AB5-6), on drying paler in outer part (some-
times drying in radial striae), often starting in
a concentric zone near centre, becoming paler
greyish brown (KOR 6D4-7 and paler).
Lamellae 4-10 mm, moderately crowded,
pale brown-clay brown or tinged ochraceous
greybrown when young, later darker chestnut
brown. Stipe 6—12 x 0.7-1.5 cm, more or less
clavate to bulbose, with swollen base up to 4
cm broad; with rather abundant white veil
forming one or two irregular girdles, other-
wise fibrillose, initially almost whitish, more
greyish brown — clay brown — ochraceous
greybrown tinged with age and when bruised,
apex with a silvery greyish and sometimes a
faint bluish tinge when young. Context when
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young pale whitish grey — greyish brown, in
stem apex watery greyish, also sometimes
with a faint violet tinge, discolouring dark
brown where damaged by insect larvae; smell
insignificant or sometimes a distinct raw
(somewhat earthy-raphanoid) smell when cut
(rapidly disappearing).

Spores (7.5-)89 x 5—6 um, (broadly) ellip-
soid, weakly/distinctly and densely verrucose.

DNA (ITS) sequence
6 collections sequenced here (four from
Norway). No infraspecific variation seen.

Habitat and distribution

Mainly in dry, sandy pine forests, but also in
calcareous pine-spruce forests, and probably
also in mesotrophic/semi-rich low-herb spruce
forests. The holotype from France is from
oligotrophic spruce forest (Bidaud et al. 2000).
Probably the species has a wide distribution,
confirmed up to now from E France (Isére/
Grenoble region), Finland, Sweden and Nor-
way, and it also grows in North America, where
it has been identified (DNA) from British
Columbia, Canada (Niskanen et al. 2013b). In
Finland, it is reported as a common species
in boreonemoral to boreal zone (von Bons-
dorff et al. 2012).

Investigated material

Norway, Akershus, Barum, Dalivann, T.E.
Brandrud, TEB 754-13; Hedmark: Amot, Red,
13 Sept. 2012, K. Bendiksen (O-F74988);
Oppland, Jevnaker, Mosmoen, T.E. Brandrud,
TEB 689-13; Nord-Trendelag, Stjerdal,
Beistadvollen, T.E. Brandrud, TEB 281-09.
FINLAND: Oulun Pohjanmaa, Oulu, Rita-
harju, 26 Aug. 2012, K. Bendiksen & E.
Bendiksen, O-F74964, Kaijonharju, Kuivas-
jarvi S, 24 Aug. 2012, E. Bendiksen, O-F74963.

Comments
Cortinarius impennoides is characterized by
the rather large, slender basidocarps with
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rather “cold” colours, ranging from greybrown/
clay brown to slightly more redbrown (pileus
centre). According to Niskanen and Kytovuori
(2012), this is a rather frequent and macro-
scopically variable species. Material seen so
far by the present authors was, however,
fairly homogeneous, but the species is surely
anonymous, and has been remarkable over-
looked, until recent documentations by mole-
cular methods. The species resembles some
taxa in the C. biformis group, but these are
either more vividly coloured, with distinct
ochraceous yellow and/or distinct bluish tinges
(C. biformis), or has smaller, more broadly
ellipsoid spores (C. turgidoides). The species
may also recall C. malachius, but this has a
more fibrillose pileus when young. Furthermore,
the species has been mixed with taxa in the
Bovini group with rather “cold”, clay brown
colours such as C. sordidemaculatus, but C.
impennoides never darkens in the same man-
ner as the Bovini taxa. Cortinarius impenno-
ides becomes slightly greyish brown to ochra-
ceous grey brown in the lower half of stipe
with age/when bruised, but never dark brown,
not even in the base of stipe which becomes
regularly dark brown in the Bovini taxa.
Phylogenetically, C. impennoides is not joining
the C. biformis-C. malachius-C. armeniacus
branch, but comes out as a sister species to
C. bivelus (Fig. 1), a deciduous forest species
with thicker veil, less hygrophanous and
more vividly coloured pileus.

Our studied, and phylogenetically confirmed
material is from 1) dry, sandy pine forests (four
collections) and ii) calcareous forests, inclu-
ding dry, karstic calcareous spruce forest (one
collection) and dry calcareous mixed forest
(probably under Picea; one coll.). Since the
calcareous (coniferous) forests are more
intensively mapped/surveyed for cortinarii in
Norway than the sandy pine forests, it seems
likely that the latter habitat is the major one
for C. impennoides, at least for Norway, and
the species can probably be added to the long
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list of Norwegian, preferential sandy pine
forest fungi (Brandrud and Bendiksen 2014a,b).
This habitat combination of mineral-rich,
sandy pine forests and calcareous spruce(-pine)
forests is not untypical for a number of species
in sandy pine forests such as C. phrygianus
(Brandrud and Bendiksen 2014). However,
according to Niskanen and Kytoévuori (2012)
and von Bonsdorff et al. (2014), in Finland
the species has a wider ecology, including
more mesotrophic-oligotrophic coniferous
forests.

Cortinarius microglobisporus Borghi, Bellu
& Peintner 2014

Fig. 6e

Pileus 3—7 cm, convex to plano-convex, pileus
margin for a long time curved downward,
slightly undulate; when young white fibrillose
from veil at margin, sometimes finely, silvery
innately fibrillose by pale veil threads else-
where; more or less hygrophanous, often
with characteristic darker hygrophanous veins
and spots on paler ground, and a darker, hygro-
phanous marginal zone, sometimes entire
pileus hygrophanous; centre dark ochraceous
brown when moist (KOR 6 D-E7-8), in some
basidiocarps with a very faint tinge of oliva-
ceous (KOR 5 ES8), outer part paler, fleshy
brown to somewhat vividly ochraceous brown;
normally bicoloured with pale ochraceous
yellow brown centre, also with a flesh coloured
tinge (KOR 5A4) and a dark brown marginal
zone; pale ochraceous yellow brown when
entire pileus is dry, (CAI M65) and margin
pale brownish (KOR K90/CAI M65).
Lamellae 3—5 mm broad, rather dense, even,
emarginated with finely fimbriate edge, with a
rather vividly ochraceous yellow brown colour
as young, later brownish. Stipe 3.0-6.0 x
1.0-1.6 (base up to 2.5) cm, from almost even
to clavate and bulbous, and then with a more
or less tapered base, on a fibrillose, pale ground
covered by a distinctly yellowish veil (KOR
3A4-5) ending upwards in a faint, thread ring
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zone, lower part may get ochraceous brownish
spots by age or touch. Context pale, ochra-
ceous yellowish; smell none or weak.

Spores 5-6.5 x 4-5 pum, globose to sub-
globose, distinctly/medium strongly and
densely verrucose.

DNA (ITS) sequence

The sequence from the Norwegian collection
and the sequence from the Italian type appear
identical (but the Norwegian sequence is not
complete).

Habitat and distribution

Known from one locality in N Europe; boreo-
nemoral zone in SE Norway; in intermediate
(mesotrophic) low herb oak forest in dense
oak leaf litter, (a 2 m tall Picea 2m away),
Juniperus communis, field layer vegetation
sparse, with Avenella (Deschampsia) flexuosa,
Calluna vulgaris, Carex digitata, Melampyrum
pratense, and Vaccinium myrtillus. The species
is new to Norway and is earlier only known
from the type locality in a submediterranean
habitat in Italy (Apeninnes; Parma, Borgo
Val di Taro, 700 m a.s.l.) (Peintner et al. 2014),
where it was found about three weeks later
than the Norwegian find, in 2011. There it
occurred in a mesotrophic Quercus cerris
forest, under Quercus cerris and some scattered
Castanea sativa.

The species is redlisted as VU (vulnerable)
in Norway 2015 due to the assumption that
this characteristic species is very rare and its
association with low-herb oak woodland
which is a red-listed habitat.

Investigated material
Norway, Telemark, Drangedal, Henneseid-
fjellet Nature Reserve, intermediate low herb
oak forest, 1. Sept. 2011, K. Bendiksen, T.E.
Brandrud, 1. Kytovuori, E. Bendiksen, KB&EB
119/11, TEB 667-11.
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Comments

Cortinarius microglobisporus is a rather stout
species, characterized by the often pale and
pseudohygrophanous pileus, with a fine, silvery,
innately fibrillose structure, and often a dark,
hygrophanous marginal zone, resembling
certain phlegmacioid species such as C. herpeti-
cus and C. talus. Furthermore, the species is
characterized by the very small, (sub)globose
spores (hence the name C. microglobisporus),
and its habitat in mesotrophic oak forests. We
have also noted an ochraceous yellow tinge
on the veil girdles, which is not mentioned in
the description of the type. The species
resembles C. balaustinus, which also may
have a pseudohygrophanous, finely innately
fibrillose structure of pileus, and has small,
subglobose spores. However, this is associated
mainly with Betula in northern areas, and
with Fagus. Phylogenetically, they are quite
dissimilar. The species is so far only found
once in S Norway and once in C Italy
(Peintner et al. 2014).

Based on phylogenetic analyses by Peintner
et al. (2014) C. microglobisporus constitutes
a sister to a clade formed by collections of C.
illuminus, a common species in Fennoscandia
growing in oligotrophic Picea forest. Corti-
narius illuminus differs from the present species
in the strongly hygrophanous, redbrown pileus
with a slightly translucently margin, a brown-
ish discolouring stipe (apex), as well as the
habitat. We have not obtained a complete ITS
sequence of the Norwegian collection, but the
intact part was identical with the sequence of
the type, and there is no doubt about the
conspecificity of this characteristic species.

Mesotrophic-oligotrophic  oak  forests
have a distinct Cortinarius element differing
from that of calcareous oak forests. This
element, with characteristic species such as C.
subcompar, C. cagei and C. chromataphilus
(= C. sabuletorum) is quite similar both in S
Scandinavia and C Europe (see Brandrud et
al. 2012), and C. microglobisporus seems to
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belong to this element. However, with its
striking characters, this must be a very rare
species.

Cortinarius niveotraganus Kytov., Niskanen
& Liimat. 2014

Fig. 6f

Pileus 3—7 cm, convex to often slightly, broadly
umbonate, distinctly viscid when very young
and fresh, white silky fibrillose when young,
later often with darker brown, hygrophanous
spots, often bicoloured, with pale fulvous-ochre
brown centre, and darker fulvous brown
hygrophanous streaks, spots or zones in the
outer part. Lamellae with even to serrulate
gill edge, pale ochraceous grey at first, then
turning pale ochre to rusty brown. Stipe 4-8
x 1-2 c¢m, with a clavate-bulbose base (up to
3 cm wide), initially with a distinct white
girdle from rather thick veil; below girdle
whitish fibrillose, above initially greyish white
to greyish blue tinged at apex (contrasting
the greybrownish lamellae). Context with
hygrophanous streaks (marbled), pale ochra-
ceous grey in bulb, initially with a bluish tinge
in stipe apex (at least towards the sides), and
greyish white in pileus. Smell on surfaces
(especially the lamellae) sweetish, fruity, like
fruit-esters, resembling that of C. traganus,
C. agathosmus, C. torvus or C. ionosmus, but
sometimes faint to absent, when cut faintly
of radish/earth-like.

Spores 9-10.5 X 5-6 um, ellipsoid (-sub-
amygdaloid), strongly and rather densely
verrucose.

DNA (ITS) sequence

Three collections sequenced here (and two in
GenBank). No infraspecific variation in ITS
seen.

Habitat and distribution

Apparently widely distributed in Norway and
the rest of Fennoscandia. In Norway occurring

32

in hemiboreal to northern boreal (subalpine)
regions, associated mainly or only with Betula
pubescens and B. pendula, in rich low-herb
to calcareous birch forests or mixed forests.
In the lowland occurring early in the season
(June) together with other late spring-early
summer species such as C. colymbadinus.
Some finds are from sandy, steep slopes, some
from formerly cattle-grazed, open woodland
or forests rims. It is reported from Sweden
and Finland by Niskanen et al. (2008) and
Niskanen (2014). The north boreal/subalpine
birch forests seem to be the major habitat in
Fennoscandia as a whole, and here it occurs
in July-August.

Investigated material

Norway, Buskerud, Ringerike, Viul, TEB 48-
13. Oppland, Lom, Visdalen, TEB 185-09;
Ser-Fron, Augla Nature Reserve, Tékastad,
TEB 77-07.

Comments

Cortinarius niveotraganus is a characteristic
species with its early fruiting from June,
initially almost whitish basidiocarps with
bluish stipe apex and a sweetish smell upon
the lamellae. However, the sweetish smell is
not always easy to sense, and the species has
apparently been much overlooked, and has
been a well-kept secret until quite recently.
The species was first introduced in Funga
Nordica in 2008 (Niskanen et al. 2008), and
then formally described in Niskanen (2014),
and is here reported new to Norway. The
species can be confused with the whitish
deciduous forest taxa C. alboglobosus (Betula)
and C. niveoglobosus (Populus) which also
might come early in the season, but these
have smaller spores, lack a distinct sweetish
smell and bluish tinges. Cortinarius albo-
globosus is known at least from one site in
Norway (at Voss, Hordaland TEB 144-07,
verified with ITS sequence), whereas C.
niveoglobosus is not found with certainty in
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Norway. Cortinarius niveotraganus also
resembles C. quarciticus, but has thicker
veil, less bluish tinges, a sweetish smell and
larger spores. Cortinarius quarciticus occurs
in dry (sandy) pine forests. In fact, three of
the five known sites of C. niveotraganus in
Norway are also sandy forests, but on slopes
with mixed Picea forest with Betula, and
fruiting quite earlier than C. quarciticus.
Phylogenetically, C. niveotraganus is nested
in the section Telamonia, apparently most
closely related to C. agathosmus (19 ITS
differences) (see Niskanen 2014, Fig. 1) of
which it shares the same smell. However, in
other characters these are not similar, for
instance, C. agathosmus has a thick, membran-
aceous, ring-like veil on the stipe and different
colours. Cortinarius niveotraganus is hitherto
known almost only from Fennoscandia, but it is
very likely to occur also in northern/middle
boreal areas of Russia. Like some other Betula
associates, this seems to be very rare in C.
Europe (so far known from one collection in
N Germany; leg. G. Schmidt-Stohn).

Cortinarius pseudofallax Carteret 2004
Fig. 7a

Pileus 0.5-2(-2.5) cm, campanulate, later more
or less umbonate (to plano-convex), strongly
hygrophanous; when young silky-fibrillose
from veil remnants at margin, or with thicker
veil patches, rarely entire pileus finely fibril-
lose when young, but soon glabrous and
glossy; uniformly ochraceous yellow brown
(-fulvous) to fudge brown (resembling C.
hinnuleus), initially with white margin (from
veil), paler ochraceous yellow when dry,
even whitish when veil fibers still persist.
Lamellae crowded, adnate, edge even, initially
rather vividly yellow brown to fulvous-fudge
brown (like pileus), later slightly darker
fulvous. Stipe 2.5-8 x 0.25-0.4 cm, with
clavate-cylindric base; wveil thick, usually
prominent, leaving 1-2 girdles or with a
distinct annulated zone (like in C. parvannu-
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latus); veil remnants persistently white; stipe
apex initially pale to strongly and then per-
sistently violaceous blue, contrasting yellow
brown lamellae colour (sometimes whitish
grey with a faint bluish tinge), often tinged
blue also in the base of stipe; stipe otherwise
often with an ochraceous yellow tinge in
central part, sometimes becoming darker
ochre brown at base. Context ochre brown in
pileus, paler ochre greyish in stipe, usually
distinctly lilac bluish in stipe apex. Smell
faint, possibly somewhat cedar/pencil-like.

Spores 6.5-8 x 4-5 um, ellipsoid, densely
and (medium) strongly verrucose. Pileipellis
duplex; epicutis of thin hyaline to basally also
slightly brown encrusted hyphae; subcutis
(hypodermium) subcellular, elements embed-
ded (cemented) in an amber-like, golden
yellow brown parietal pigment, but also more
narrow, zebra-encrusted elements occur.

DNA (ITS) sequence

The species shows a small, apparently infra-
specific variation. Our 3 sequenced collect-
ions from Norway are identical in ITS (except
for one length polymorphism), and identical
with GenBank sequences from Finland and
Sweden. However, these have 1 ITS diffe-
rence from the type collection from France,
as well as from collections from Estonia and
Spain. Altogether 10 collections have been
sequenced from Europe.

Habitat and distribution

The Norwegian habitat is boreonemoral, dry,
calcareous Tilia forests under Tilia cordata
and Corylus avellana and Salix caprea (3 col-
lections). Hitherto found in a small area of
the inner Oslofjord (Oslo-Asker-Royken).
Outside Norway found mainly in moister
habitats under Salix spp. and Populus tremula,
but also in a drier mixed Quercus-Populus
site (Finland). The species is hitherto known
from Norway (present study), Sweden, Finland,
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Estonia, France and Spain, as well as N
America (Esteve-Raventos et al. 2013). The
species is redlisted as NT (nearly threatened)
in Norway due to its rareness and apparent
affinity mainly to rare and threatened habitats.

Investigated material

Norway, Oslo, Bygdey, Hengséasen, T.E.
Brandrud & B. Dima, TEB 526-14; Akershus,
Asker, Elnestangen N, T.E. Brandrud & B.
Dima, TEB 424-14; Buskerud, Reyken, Bos-
nipa, T.E. Brandrud & B. Dima, TEB 738-13.

Comments

Cortinarius pseudofallax is characterized by
the following features; an ochre yellow brown,
“hinnuleus-coloured” pileus, a thick, often
membranaceous-annulate veil on the stipe,
and a more or less intensely violaceous blue
tinged stipe apex. The species belongs to a
complex group of small thick-veiled tela-
monias, where its close relatives are disting-
uished e.g. on lack of bluish tinges and darker,
more redbrown-umber to brown colours.
Formerly, only one species was usually recog-
nized in this group, C. parvannulatus (Brand-
rud et al. 1990-2012, Lindstrém 2012), and
this has probably often been treated collec-
tively. Taken in strict sense, C. parvannulatus
is apparently distinguished on the complete
lack of bluish tinges, and more redbrown
colours, apparently also with a more constantly,
annulated veil girdle (Esteve-Raventos et al.
2013). The smell seems to be rather similar in
the species of the group, but this is perceived
differently by different persons; according to
Lindstrdom (2012) being distinctly cedar/
pencil-like, according to Esteve-Raventos et
al. (2013) more sweetly. The sect. Parvuli
was emended as a name for this group/clade
by Esteve-Raventods et al. (2013).

Cortinarius pseudofallax is in Norway
hitherto found only in calcareous Tilia-Corylus
forests of the innermost Oslofjord (Oslo-
Asker-Reyken). This seems to be a deviating
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habitat for the species and the group as a whole.
Moist Salix swamp forests and rich Populus
tremula-Salix caprea forests seem to be the
main habitats for the species elsewhere in the
Nordic countries and in other regions of
Europe and North America, as well (Esteve-
Raventos et al. 2013). However, the species
is from Finland also reported from a rich
Quercus robur-Corylus avellana-Populus
tremula forest, resembling more the Norwegian
sites. Furthermore, a rather similar habitat
preference, combining rich Salix and Tilia-
Corylus habitats has also been observed for
some other species, such as C. saturninus. In
one case, Salix caprea was also present at the
site for two of the Norwegian finds.

Cortinarius salicticolus Volders &
Gelderblom 2013

Fig. 7b

Pileus 1.5-3.5(-5) cm, irregularly convex to
obtusely conical, then plano-convex, often
with a low umbo, when young with fibrillose,
pale veil remnants in the marginal zone, some
with brownish patches near margin, later
glabrous; hygrophanous; very dark red brown-
umber brown with almost blackish centre,
(KOR 7(-8)F8), on drying paler brown (CAI
S29-27), drying out concentrically. Lamellae
2-5 mm broad, moderately crowded to some-
what distant, emarginate to rather broadly
adnate with a small, decurrent tooth, edge
even, initially pale ochre to greyish brown,
later darker (P47, 6C6-D7), edge concolor-
ous. Stipe 2.5-4.5(-7) x 0.2-0.5(-0.8) cm,
cylindric, often somewhat tortuous, fibrillose,
when young faintly girdled from rather thin,
whitish to pale brownish veil remnants, be-
coming brownish like stipe surface; initially
silvery pale with a distinct flesh coloured
tinge, later more brownish, darker reddish
brown on handling. Context at first pale fleshy
brown, soon darkening; smell insignificant.
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Spores 8.5-10 x 4.5-5.5 uym, MV = 9.38 x
5.00 pm, Q = 1.88; subamygdaloid(-ellipsoid),
weakly and densely verrucose, rather weakly
dextrinoid. Basidia often filled with golden
brown, amorphous necropigment; lamellae
edge more or less fertile; lamellae trama of up
to 15(=20) um wide hyphae, weakly pigmented,
with faintly thickened yellow walls. Pileipellis
duplex; epicutis thin, of approx. 3—5 layers,
of 3-10(-12) um wide and long, distinctly
yellow(-brown), verrucose-zebra-striped
encrusted pigmented; subcutis (hypodermium)
subcellular of inflated elements up to 25(-30)
pum wide, pigment strong, mainly yellow
parietal, forming an amber-like embedment,
sometimes also with yellow brownish crusts,
and sometimes with narrow, zebra-striped
encrusted hyphae intermixed.

DNA (ITS) sequence

One collection sequenced by us, three sequen-
ced in Gent, Belgium (Delgat 2015), all being
identical. The species is well-supported
phylogenetically, distinguished in the ITS
region from nearest neighbours by more than
20 nucleotide and indel differences.

Habitat and distribution

Found once in SE Norway in boreonemoral
zone, under shrubs of Salix cinerea near
eutrophic lake. There was also a young (3—4 m
tall) birch tree 4 m away from the basidio-
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carps, but Salix is the most probable mycor-
rhizal host. Other vascular plants present
were a.0. Filipendula ulmaria, Lysimachia
vulgaris, and Calamagrostis phragmitoides.
Among fungi, Entoloma politum was abundant
in the locality. The species is also found in
the Antwerpen-Limburg districts of Belgium,
on moist ground under Salix alba, S. cinerea
and other willow species (Haan et al. 2013a,b).
The species is now redlisted as DD (data
deficient) in Norway.

Investigated material
Norway, Akershus, As, Ostensjovannet, 28
Sept. 2007, EB 255/07.

Comments

Cortinarius salicticolus is a rather small-sized,
but stout species, reminding in habitus of an
Inocybe. The dark umber brown pileus, the
darkening basidocarps and the subamygda-
loid, finely verrucose spores are characteristic,
as well as the moist habitat under Salix. The
morphological features and habitat of the
Norwegian material conform rather well with
those of the protologue of C. salicticolus (De
Haan et al. 2013a), except that the spores in
the protologue are described as slightly
smaller than the spores of our material (MV
= 84 x 4.7 um versus 9.38 x 5.00 pm).
According to Lynn Delgat (pers. comm),
however, our sequence has a complete match

Figure 7. A: Cortinarius pseudofallax. TEB 424-14. Asker, Elnestangen N. B: Cortinarius salicticolus. EB
255-07. As, @stensjgvannet. Photos: a: B. Dima; b: E. Bendiksen.

AGARICA vol. 36

35



Brandrud et al.

with the type sequence of C. salicticolus
(Delgat 2015). Also C. cavipes J. Favre sensu
De Haan et al. (2013b) appears to represent
the same species, with identical ITS (one
collection sequenced by Delgat 2015). This,
however, deviates somewhat from our material
by the more (pale) yellowish ochre lamellae,
and a more or less reddening of basalmycelia,
but on the other hand has more similar spore-
size MV = 9.0 x 5.0 pm). Our species,
although very little known, seems not to be
rare in the Antwerpen-Limburg districts of
Belgium, (including C. cavipes sensu De
Haan et al. 2013a,b).

Cortinarius salicticolus resembles
Cortinarius umbrinolens (C. rigidus s. J.E.
Lange) in habit and colours, but lacks the
characteristic earth-like smell of the latter one
and has more amygdaloid spores. A weak
pelargonium smell was noted by De Haan et
al. (2013a,b), but such a smell was not found
on the Norwegian material of C. salicticolus.
The weakly ornamented, subamygdaloid and
rather narrow spores resembles those of e.g.
C. lux-nymphae, but this has a thicker veil,
fibrillose pileus and a quite different habitat
(dry pine(-spruce) forests). Also C. fuscescens
has resembling spores, but this is a larger,
spruce forest species.

Phylogenetically, C. salicticolus is well
distinguished, in fact, at the moment we do
not know of any species with less than 20
ITS differences from this one. Cortinarius
salicticolus appears in a low-supported basal
clade (together with e.g. C. psammocephalus)
of lineages with Incrustrati-Saniosi-Paleaci
species such as C. angelesianus and C. flexipes,
and it is distant from the apparently morpho-
logically most similar C. umbrinolens (Fig. 1).

A lacustrine-riparian habitat, among the
moist Salix thickets along lake shores or river
banks is unusual for cortinarii, but species
such as C. cinnamomeoluteus, C. uliginosus,
C. helobius s. lat. and C. lacustris are typical
in such sites. Also species in the section/clade
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Parvuli, such as C. pseudofallax treated here,
occur in moist Sa/ix habitats.
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Table 1. Cortinarius sequences produced in this study. Cortinarius microglobisporus (TEB667-11) are
included in the phylogeny but not listed here, since only part of the ITS1 region was amplified successfully,
therefore it is excluded from the GenBank submission. (N= Norway, SF=Finland, F=France)

Species Voucher Locality GenBank accessions
C. annae-maritae sp. nov. 0-F74990 (holotype) N, Finnmark KT591589
C. conterminus TEB 420-11 N, Oppland KT591611
C. conterminus 0-F74944 N, Oslo KT591610
C. fuscescens EB 139/10 N, Akershus KT591599
C. fuscescens TEB 250-08 N, Aust-Agder KT591594
C. fuscescens EB 200/10 N, Oppland KT591597
C. fuscescens 0-F74976 (EB 617/11) N, Oppland KT591595
C. fuscescens O-F74927 N, Oppland KT591598
C. fuscescens 0-F74962 N, Oppland KT591596
C. fuscescens TEB 150-14 N, Oppland KT591600
C. fuscoumbrinus 0-F74959 N, Akershus KT591587
C. impennoides TEB 754-13 N, Akershus KT591605
C. impennoides 0-F74988 N, Hedmark KT591608
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C. impennoides
C. impennoides
C. impennoides
C. impennoides
C. niveotraganus
C. niveotraganus
C. niveotraganus
C. pseudofallax
C. pseudofallax
C. pseudofallax
C. puellaris sp. nov.
C. puellaris

C. puellaris

C. puellaris

C. puellaris

C. puellaris

C. puellaris

C. salicticolus

C. subtilis sp. nov.

TEB 281-09

TEB 689-13
0O-F74963

O-F74964

TEB 048-13

TEB 77-07

TEB 185-09

TEB 424-14

TEB 738-13

TEB 526-14

TEB 431-14 (holotype)
TEB 529-11

TEB 368-14

TEB 214-14

TEB 327-10

TEB 990-13

TEB 991-13

EB 255/07
O-F74955 (holotype)

N, N-Trendelag
N, Oppland
SF, Oulu
SF, Oulu

N, Buskerud
N, Oppland
N, Oppland
N, Akershus
N, Buskerud
N, Oslo

N, Akershus
N, Akershus
N, Akershus
N, Oslo

N, Telemark
F, Hérault

F, Hérault
N, Akershus
N, Akershus

KT591607
KT591606
KT591609
KT591604
KT591602
KT591603
KT591601
KT591592
KT591593
KT591591
KT591581
KT591582
KT591586
KT591583
KT591580
KT591584
KT591585
KT591590
KT591588

Table 2. Telamonioid Cortinarius species new to Norway (2009-)2010-2014, verified with ITS sequences.

Complex = species complexes that have been splitted in two or more taxa.

Species

Status Finds sequenced 2010-2014

1. publiced NO

A calcareous Tilia-Corylus forests

C. cf. cristatosporus complex Oslo, Beerum, Reyken, Gran Evju etal. 2014
C. ferrugineovelatus complex Baerum here

C. fuscoumbrinus Asker here

C. hillieri complex Oslo, Asker, Lunner Brandrud 2011
C. aff. milvinicolor complex Asker, Porsgrunn, Froland Evju etal. 2014
C. aff. milvinicolor 11 complex Lunner, Gran here

C. aff. phaeosmus complex Hole Brandrud 2011
C. nodosisporus complex Oslo here

C. pseudofallax complex Oslo, Baerum, Asker, Rayken Evjuetal. 2014
C. aff. pseudosafranopes ~ complex Oslo, Hole, Larvik, Tokke Evjuetal. 2014
C. puellaris sp. nov. complex Oslo, Baerum, Asker, Royken, Hole, here

Bamble

C. aff. rubricosus complex Hole, Porsgrunn Evju et al. 2014
C. aff. safranopes complex Oslo here

C. saturninus 11 complex Oslo, Berum, Rayken here

C. aff. sordescentipes complex Oslo, Beerum, Asker, Lunner, Froland Evjuetal. 2014
C. cf. strenuisporus complex Oslo, Baerum, Asker, Royken, Hole Evjuetal. 2014
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C. cf. subcastaneus Royken, Porsgrunn. here
C. subexitiosus complex Bamble here
C. subtilis sp. nov. Asker here
C. umbrinobellus complex Gjoevik here
C. aff. valgus Porsgrunn here
B rich Quercus-Tilia forest

C. claroplaniusculus complex Drangedal, Evje & Hornnes here
C. heterocyclus 11 complex Bygland here
C. leiocastaneus complex Larvik here
C. microglobisporus Drangedal here
C. olididisjungendus complex Luster, Oppdal here
C. subbalaustinus 11 complex Lunner, Royken, Porsgrunn here

C. subcompar

Arendal

Brandrud et al. 2012

C calcareous Picea-Pinus forests

C. anisatus complex Vestre Slidre Kalas et al. 2010

C. anisochrous complex Hamar, Gran Niskanen et al. 2013a

C. badiolaevis complex Barum here

C. aff. brunneocalcareus ~ complex Lunner here

C. conterminus complex Lunner here

C. coracis (C. crassifolius  complex Lunner, Steinkjer Brandrud et al. 2009

ss. auct.)

C. ferruginipes coll. complex Lunner, Porsgrunn , Bamble here

C. fuscobovinaster complex Steinkjer, Gran, Lunner, Oslo Niskanen et al. 2013a

C. fuscobovinus complex Steinkjer, Gran Niskanen et al. 2013a

C. aff. irregularis complex Qystre Slidre, Oyer here

C. oulankaénsis complex Steinkjer, Gran, Lunner Brandrud et al. 2009

C. orasericeus complex Lunner here

C. piceidisjungendus complex Amot, Volda, Namskogan here

D sandy pine forests

C. adustorimosus Sendre Land, Karasjok Kalas et al. 2010

(C. pseudorubricosus)

C. anomalellus Elverum, Oslo, Stokke Brandrud & Bendiksen
2014 a,b

C. bayeri Elverum Brandrud & Bendiksen
2014 a,b

C. carabus Elverum, Amot Brandrud & Bendiksen
2014 a,b

C. coleoptera Elverum Niskanen et al. 2009

C. flexipes 11 complex Elverum here

C. flos-paludis 11 complex Elverum, Lunner here

C. fusisporus complex Elverum, Nannestad, Ringerike, Brandrud & Bendiksen

Drangedal 2014 a,b
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C. impennoides Jevnaker, Berum, Amot, Stjerdal Funga Nordica 2012

C. melitosarx complex Oslo, Amot, Grong Brandrud et al. 2009

C. neofurvolaesus Sel Brandrud & Bendiksen
2014 a,b

C. pinigaudis complex Elverum Niskanen et al. 2011

C. violilamellatus complex Nannestad Brandrud & Bendiksen
2014 a,b

E Rich subalpine birch forests

C. annae-maritae sp. nov. Alta here

C. aff. craticius complex Vaga here

C. heterocyclus complex Véga, Oppdal here

C. niveotraganus Ringerike, Lom, Ser-Fron here

C. roseoarmillatus complex Sendre land here

F other (coniferous) forest types

C. caesioarmeniacus complex Voss here

C. caesiobrunneus complex Vestre Slidre, Qyer Niskanen et al. 2009

C. carneinatus 11 complex Lunner, Ulvik, Reyrvik here

C. fuscescens complex Lunner, Gran, Nittedal, Froland here

C. aff. helvolus Lunner, Gran, Steinkjer here

C. hinnuleus 11 complex Steinkjer, Levanger here

C. imbutus I complex Amot here

C. piceidisjungendus complex Amot, Volda, Namsskogan here

C. privignipallens complex Oslo, Amot, Grong here

C. salicticolus As here

C. turgidoides complex Namsskogan here

C. suboenochaelis complex Qyer, Elverum Funga Nordica 2012

C. uraceisporus complex Lunner here
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SAMMENDRAG

40 arter av kjernesopper (pyrenomyceter) til-
herende klassen Sordariomycetes presenteres
som nye for Norge. Artene ble samlet i edel-
lauvskog i Ser-Norge som del av et prosjekt
finansiert av den norske Artsdatabanken.
Artene er hovedsakelig vedboende, men noen

arter som vokser pa bark, lav, moser, makk
og sopp er ogsé inkludert.

ABSTRACT

Forty species of ascomycetes belonging to
class Sordariomycetes are presented as new
to Norway. The species were collected in
temperate deciduous forest in South Norway
as part of a project financed by the Norwegian
Biodiversity Information Centre. The species
are mainly wood-inhabiting, but a few species
on bark, bryophytes, fungi, lichens or dung
are also included.

INTRODUCTION

Ascomycetes come in a bewildering array of
shapes and forms, and in exceedingly great
numbers. However, despite their outstanding
importance for biodiversity, especially the
non-lichenized members remain little studied
and poorly known. This is certainly true for
pyrenomycetous fungi, i.e. fungi with peri-
thecia, or with ascomata resembling perithecia.
Before the era of modem and molecular
systematics, such fungi were collectively
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referred to as Pyrenomycetes, but belong to
several only distantly related clades or
lineages. One of the largest of these groups is
class Sordariomycetes, which encompasses
for example the well-known genera Sordaria,
Trichoderma and Xylaria. Sordariomycetes
are found on many different substrates of
which dead wood of deciduous trees is one
of the most species rich. Few mycologists
study these fungi in Norway, but an active
research group exists at the arctic university
in Tromse. In a project financed by the Nor-
wegian Biodiversity Information Centre
(Artsdatabanken), pyrenomycetous fungi
were surveyed in the temperate deciduous
forests of southern and western Norway. In
this paper we concentrate on species belong-
ing to class Sordariomycetes and report 40
species as new to Norway. In addition, finds
of five rarely collected species are reported.
The reported species are predominantly asso-
ciated with dead wood or bark, but some were
collected from bryophytes, fungal fruit-bodies,
lichen thalli, or droppings. Short comments
on the distribution, ecology and taxonomy of
the species are provided.

MATERIALS AND METHODS

Most of the reported species were collected in
the field by us, but a few of the species were
instead encountered during a revision of the
mycological collections in Norwegian herbaria.
All collections were made in temperate deci-
duous forests in southern and western Norway,
north to Steinkjer in Nord-Trendelag. The
species were determined by studying the
sexual morph (teleomorph) under the micro-
scope unless otherwise stated. Experts in
various groups were consulted for determi-
nation or verification of several species, and an
international expert workshop was arranged
in Arendal in October 2014. Another workshop
for amateur mycologists from Norway was
arranged in Tensberg in October 2013. A
species was considered as new to Norway
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unless it appeared in Aarnes (2002) or in
either The Norwegian Mycological Database
(NSD 2015) or Norwegian Biodiversity
Information Centre (Artsdatabanken 2015).
Only selected finds are presented and more
material may exist. Positions are given as
latitude/longitude with decimal degrees. All
collections will subsequently be placed in
Herb. O. Collectors and identifiers are: BN=
Bjorn Nordén, CL=Cristian Lechat, EJ=Edvin
Johannesen, HG=Helge Gundersen, HV=
Hermann Voglmayr, JBJ=John Bjarne Jordal,
JF=Jacques Fournier, JHP=Jens H. Petersen,
JS=Jogeir Stokland, PC=Paul Cannon, TL=
Thomas Lassge, WI=Walter Jaklitsch. Data
on distribution in Sweden and Denmark are
cited from Eriksson (2014) and Dansk Svampe-
atlas (2015), respectively if not otherwise stated.

RESULTS

Albertiniella polyporicola (Jacz.) Malloch
& Cain. Fig. 1.

This species is relatively common in Sweden
and has 21 records in Denmark.

Material: Oslo, 200 m SE of Skullerudstua,
near Dstmarka (Ljanselva), 59.8626 / 10.7880,

Figure 1. Albertiniella polyporicola growing on
the hymenium of Ganoderma applanatum.
Photo: H. Gundersen.
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on dead Ganoderma applanatum basidiome,
May 2, 2013, leg. EJ, HG, det. BN.

Amphiporthe hranicensis (Petr.) Petr.

An easily recognizable species that may be
common on its host in south Norway. It was
found in Skane in Sweden and has 11 records
in Denmark.

Material: Oslo, Valerenga church, 59.9068 /
10.7880, on attached corticated, Tilia branch
1 cm thick, May 29, 2013, leg. & det. TL.

Amphiporthe leiphaemia (Fr.: Fr.) Butin
The species is known to be a common endo-
phyte in Quercus twigs (Ragazzi et al. 2003).
In Sweden it is known from Skéane to Uppland,
and it has been found 5 times in Denmark.
Material: Vestfold, Tensberg, Sendre Berg,
59.3005 / 10.4035, on cut corticated Quercus
branch, Aug. 15, 2012, leg. & det. BN. A
previous find was reported by Aarnaes (2002).

Amphisphaeria bufonia (Berk. & Broome)
Ces. & De Not. Fig. 2, 3.

This species grows according to the literature
on Quercus, while the type species of the
genus, Amphisphaeria umbrina (Fr.) De Not.
occurs on Ulmus (Eriksson 2014). Although
our material was found on Ulmus it fits better
with A. bufonia as described by Barr (1994)
than with the description of 4. umbrina in

Figure 2. Amphisphaeria bufonia on Ulmus bark.
Photo: J. B. Jordal.

Nordén et al.

Kang et al. (1999). The spores are verrucose,
1(-3)-septate and about 21 um long. Both
species are known from Sweden, but not
from Denmark.

Material: Mare og Romsdal, Nesset, Eikes-
dalen, Stakkengfonna Nature Reserve, 62.4508
/ 8.2772, on bark of living Ulmus in deci-
duous forest, May 14, 2012, leg. BN, JBJ,
det. BN, TL.

Fig. 3. One of the Ulmus trees on which Amphi-
sphaeria bufonia was found (Mgre og Romsdal:
Nesset: Eikesdalen). Photo: J. B. Jordal.

Bryocentria metzgeriae (Ade & Hohn.)
Débbeler. Fig. 4.

This species is most probably overlooked
due to the very small ascomata, but it can be
spotted by looking for dead, white patches on
the common liverwort Metzgeria furcata. It is

Figure 4. Bryocentria metzgeriae on the thallus of
Metzgeria furcata. Photo: C. Reisborg.
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known from Skane and Uppland in Sweden,
but not from Denmark. A related species, B.
hypothallina is published separately from
Norway as new to science (Nordén et al. 2015).
Material: Vestfold, Tensberg, Sendre Berg,
59.3005 / 10.4035, on Metzgeria furcata on
bark of Quercus, Aug. 15,2012, leg. BN, det.
BN, TL.

Camarops lutea (Alb. & Schwein.) Shear
In Sweden it is known from Skéane to Uppland,
and it is rather common in Denmark with a
wide host range. Based on its fairly conspic-
uous stromata it is not expected to be over-
looked and may be uncommon in Norway.
Material: Vestfold, Tensberg, Gullkronene
Nature Reserve, Lille Gullkrona, 59.2853 /
10.3826, on fallen Fagus trunk, Oct. 25, 2013,
leg. & det. TL.

Camarops pugillus (Schwein.) Shear

The species appears to be rare in the Nordic
countries and usually occurs on deciduous
wood, e.g. Corylus and Alnus, and this appears
to be the first published report from conifer-
ous wood Camarops pugillus is sometimes
difficult to separate from C. lutea as intermed-
iate specimens occur. This rare species has
been described and illustrated in detail from
Sweden and Denmark (Lundqvist 1987, Laes-
soe and Hansson 2008).

Material: Telemark, Porsgrunn, Bakke, 59.17
/ 9.84, Picea abies log in temperate deciduous
forest, Sept. 4, 1996, leg. JS, det. BN.

Ceratosphaeria lampadophora (Berk. &
Broome) Niessl

The species is probably not rare on dead wood
of deciduous trees but is easily overlooked
and clearly less common than species of
Lentomitella that macroscopically are very
similar. It has been collected in Skéne and
Visterbotten in Sweden but can probably be
found all over the country. In Denmark it
was found 3 times.
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Material: Hordaland, Etne, Bjelland, 59.8218
/ 6.2042, on Fraxinus wood, May 10, 2013,
leg. & det. BN, TL.

Ceratosphaeria rhenana (Auersw.) Berl. &
Voglino (s. Munk 1957, Cannon 2015)

The species is probably not rare on dead wood
of deciduous trees but is easily overlooked. It
is found in Sweden from Skéne to Uppland
and was found 4 times in Denmark. It is in
need of both taxonomic and phylogenetic
assessment.

Material: Akershus, Nesodden, Reer, 59.81 /
10.68, on Quercus wood, decorticated attached
branch, Feb. 2, 2013, leg. & det. TL.

Ceriospora ribis Henn. & Plottn.

The species is new to Scandinavia.

Material: Vestfold, Horten, Fjugstad, 59.3611
/ 10.4637, on wood of Ribes nigrum in
deciduous forest, Oct. 24, 2013, leg. & det.
BN.

Chaetosphaeria tortuosa Réblova, Seifert
& G.P. White

This species is new to Scandinavia.

Material: Vest-Agder, Kristiansand, Nedre
Timenes, on dead fallen 7ilia cordata twig,
Oct. 5, 2014, 58.1649 / 8.1096, leg. & det.
PC.

Diatrype decorticata (Pers.) Rappaz. Fig. 5.
This species was reported from Fagus syl-
vatica and Corylus avellana in Sweden (Eriks-
son 2014). According to our observations
(Nordén unpublished) it probably occurs
regularly on Quercus. It is found in south
Sweden and is reported as common in
Denmark.

Material: Akershus, Nesodden, Reer, 59.81 /
10.68, on Quercus branch, Feb. 2, 2013, leg.
TL, det. BN. A previous find was reported by
Aarnas (2002).

AGARICA vol. 36



Figure 5. Diatrype decorticata on a Fagus branch.
Photo: C. Reisborg.

Diatrype stigmaoides Kauffman. Fig. 6.
This species was described from North-America
and is distinguished by e.g. a prominently
undulating stromatal surface, a prominent
white endostroma, and preference for Quercus.
It was previously collected in continental
Europe but is new to Scandinavia (Fournier
unpublished).

Material: Aust-Agder, Froland, Ytre Lauvrak,
58.5882 / 8.3255, on Quercus petraea in
temperate deciduous forest, Sept. 26, 2014,
leg. BN, det. JF.

Endothia gyrosa (Schwein: Fr.) Fr.

The pinkish conidial mass of the asexual
morph occurring in combination with the
sexual morph is diagnostic in the field. The
species is probably rare and appears to be
new to Scandinavia. Apparently it is also rare
in the rest of Europe, and it has been found
on Castanea in Austria by WJ.

Material: Aust-Agder, Froland, Ytre Lauvrak,
58.5882 / 8.3255, on Quercus petraea branch,
Oct. 10, 2014, leg. & det. WJ.

Eutypa leioplaca (Fr.) Cooke

This species is probably not rare on Acer
branches in Norway. It is known from the
south to the middle parts of Sweden (Eriksson
2014), and was collected twice in Denmark.
Material: Aust-Agder, Arendal, Langevoll,
Nedenes, 58.4217 / 8.6990, on Acer pseudo-
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Figure 6. Diatrype stigmaoides on Quercus.
Photo: B. Nordén.

platanus wood in temperate deciduous forest,
Oct. 4, 2014, leg. BN, det. JF.

Hapalocystis bicaudata Fuckel

The Swedish mycologist Lennart Holm made
several collections of this species in South
Sweden during the nineteen fifties — seventies.
It will probably prove to have a wide distri-
bution in Norway as more collectors become
aware of the species. It is known from Denmark,
but may have declined there due to the Dutch
elm disease.

Material: Aust-Agder, Froland, Ytre Lauvrak,
58.5882 / 8.3255, on Ulmus glabra branches,
Oct. 3, 2014, leg. & det. HV.
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Helminthosphaeria pilifera Réblova

This species is probably myco-parasitic but
nothing is known about host range. Some
seemingly closely related species parasitize
various corticioid fungi and Clavulina coral-
loides. 1t was described from Fagus wood in
the Czech Republic (Réblova 1999) based on a
single collection. It was found once in south-
ern Sweden, but is not known from Denmark.
Material: Aust-Agder, Arendal, Songeskogen,
Stea, 58.4942 / 8.8049, on Populus tremula
wood in temperate deciduous forest, Oct. 4,
2014, leg. & det. JF.

Hypoxylon fuscoides J. Fourn., P. Leroy,
M. Stadler & Roy Anderson

This species is very similar in appearance to
the very common species H. fuscum but dif-
fers in the purple reaction in KOH solution.
It is not with certainty known from Sweden
but most probably occurs there, and it is
known from 9 collections in Denmark.
Material: Akershus, Nesodden, Reger, ca.
59.81 / 10.68 on Alnus glutinosa branch in
deciduous forest, Feb. 2, 2013, leg. & det. TL.

Immersiella caudata (Curr.) A.N. Mill. &
Huhndorf

The perithecia are immersed in soft and de-
cayed wood and are not easy to spot. It was
found a few times in South Sweden and from
5 collections in Denmark.

Material: Vestfold, Tensberg, Gullkronene
Nature Reserve, Lille Gullkronen, 59.2853 /
10.3826, on Quercus wood in deciduous
forest, Oct. 25, 2013, leg. & det. TL, JHP.

Lasiosphaeria sorbina (Nyl.) P. Karst

This appears to be a rare species and was
found only once in Sweden, and likewise in
Denmark (Munk 1957).

Material: Hordaland, Bemlo, Spysseya, Stels-
vika South, 59.7253 / 5.3692, on attached,
corticated Tilia twigs, May 11, 2013, leg. &
det. TL. A previous find was reported by
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Aarnas (Mathiassen & Granmo (2012).

Lentomitella crinigera (Cooke) Réblova
Lentomitella crinigera belongs to a group of
species with immersed perithecia with long
protruding necks that often occur on decayed
wood of deciduous trees. This species was
found in Skéne in Sweden, and once in
Denmark.

Material: Norway, [undatet], Anonymous,
Herb. O 184457, as Endoxyla rostrata, rev.
BN, TL 2013.

Lopadostoma dryophilum (G.H. Otth)
Jaklitsch, J. Fourn. & Voglmayr

This is a rarely collected species. It appears
to be confined to Quercus spp. (Jaklitsch et
al. 2015). It is not known from Sweden and
has only two recent Danish records.

Material: Akershus, Nesodden, Reer, ca.
59.81 / 10.68, on corticated Quercus branch
in association with Vuilleminia comedens and
Ascodichaena rugosa, Apr. 26, 2013, leg. &
det. TL.

Melanconiella flavovirens (G.H. Otth)
Voglmayr & Jaklitsch

Voglmayr et al. (2012) gave a monographic
account on the genus Melanconiella and
demonstrated high host specificity of its
members, M. flavovirens being confined to
Corylus. Based on our own field experience,
we confirm host specificity on Corylus and
conclude that it may be rare in Scandinavia.
It was found in Véstergotland and Uppland
in Sweden but is not known from Denmark.
Material: Vest-Agder, Kristiansand, Nedre
Timenes, 58.1649 /8.1096, on dead attached
Corylus avellana twig, Oct. 5, 2014, leg. &
det. PC.

Natantiella ligneola (Berk. & Broome)
Réblova

Natantiella ligneola belongs to a group of
species with immersed perithecia with long
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protruding necks that often occur on decayed
wood of deciduous trees. It was found in
Uppland in Sweden and was collected on
nine occasions in Denmark.

Material: Mere og Romsdal, Tingvoll, ca.
63.00 / 8.00, on deciduous wood, Aug. 17,
1981, as Endoxyla rostrata, Herb. O 184465,
leg. Geir Hungnes, rev. BN, TL 2013.

Nectria nigrescens Cooke

This species reminds of Nectria cinnabarina
but has up to 3-septate ascospores and short
to long stipitate sporodochia (Hirooka et al.
2012), which darken and eventually become
black in the field, and are then easily recog-
nized. It is new to Scandinavia.

Material: Aust-Agder, Froland, Ytre Lauvrak,
58.5882 / 8.3255, on Rhamnus frangula, Oct.
3,2014, leg. & det. W1J.

Nemania maritima Y.M. Ju & J.D. Rogers.
Fig. 7.

Nemania maritima has a wide distribution
along warmer coasts where it grows on
various kinds of wood (Ju and Rogers 2002),
always in contact with sea water. It is not yet
known from Sweden, but occurs in Denmark
(Leessoe 2003).

Material: Hordaland, Bemlo, Spysseya, Stel-
svika South, 59.7262 / 5.3689, deciduous wood
on the beach, May 11, 2013, leg. & det. TL.

Figure 7. Nemania maritima on submerged wood
by the sea shore. Photo: J. H. Petersen.

Nordén et al.

Neobarya parasitica (Fuckel) Lowen

This is the only fairly well known member of
this myco-parasitic genus (Candoussau et al.
2007). It was found from Skane to Medelpad in
Sweden and was found 11 times in Denmark.
Material: Ostfold, Rygge, Kajalunden nature
reserve, 59.3644 / 10.6778, on Bertia mori-
formis ascomata on Fagus log in deciduous
forest, Apr. 23, 2013, leg. & det. BN, TL. A
previous find was reported by Aarnaes (2002).

Phomatospora helvetica H. Wegelin

Many aquatic pyrenomycetous fungi can be
expected to occur in Norway, but this remains
to be studied. The species appears to be new
to Scandinavia.

Material: Aust-Agder, Arendal, Langevoll,
Nedenes, 58.4217 / 8.6990, on submerged
wood in small stream in temperate deciduous
forest, Oct. 4, 2014, leg. & det. JF.

Podospora setosa (G. Winter) Niessl

A species growing on dung of various animals
and with several finds in Sweden, but has not
been found in Denmark.

Material: Aust-Agder, Froland, Ytre Lauvrak,
58.5882 / 8.3255, on roe deer dung in tempe-
rate deciduous forest, Oct. 3, 2014, leg. JF, det.
Michel Delpont, after incubation in moist
chamber. A previous find was reported by
Aarnes (2002).

Protocrea pallida (Ellis & Everh.) Jaklitsch,
K. Poldmaa & Samuels

This species is easily identified by its host
choice and by a fairly bright orange stromatal
colour (Lassee 1994, Jaklitsch 2011). It has
for a long time been known as Hypocrea
pallida, but Jaklitsch et al. (2008) showed
that phylogenetically it clearly belongs to
Protocrea. This species is known from Skéane
in Sweden, and is a rather common species
in Denmark.

Material: Akershus, Nesodden, Roer, 59.81 /
10.68, on Tyromyces basidiomata on Betula,
Feb. 2,2013, leg. & det. TL.
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Pseudovalsa umbonata (Tul. & C. Tul.) Sacc
Pseudovalsa umbonata is known from six
provinces in South Sweden, and may occur in
much of the range of Quercus also in Norway.
It is not known from Denmark.

Material: Aust-Agder, Froland, Ytre Lauvrak,
on Quercus petraea, 58.5882 / 8.3255, Oct. 3,
2014, leg. & det. HV, W1.

Quaternaria dissepta (Fr.) Tul. & C. Tul.
This species is not rare in Sweden and known
from Skéne to Uppland. It was recorded
seven times in Denmark. This Ulmus specific
species may follow the distribution of Ulmus
in Norway, but probably face decline due to
the Dutch elm disease.

Material: Akershus, Fet, Fetsund, 59.9331 /
11.1618, on dead Ulmus branch in deciduous
forest, May 5, 2013, leg. & det., TL, BN.

Rosellinia helvetica L.E. Petrini, Petrini &
S.M. Francis

Rosellinia helvetica was found in Skane to
Vistergotland in Sweden and three times in
Denmark.

Material: Vestfold, Larvik, ca. 59.05 / 10.02,
Sept. 2 1879, Herb. O 212179 as Rosellinia
thelena, Rev. TL, BN. Nord-Trendelag,
Steinkjer, Byahalla NR, 64.0508 / 11.5717,
on Ulmus twigs on the ground in temperate
deciduous forest, May 9, 2014, leg. BN, JBJ,
det. BN.

Rosellinia marcucciana Ces. Fig. 8.

A synonyme of this species is R. britannica
L.E. Petrini, Petrini & S.M. Francis (Petrini
2013). Previously, most material referable to
this species (and several others) was identified
and filed as R. mammaeformis, but R. marcuc-
ciana is a far more common species. Rosel-
linia. marcucciana has larger ascospores and
ascus apical plugs than R. mammaeformis. It
is known from Skéane in Sweden and from 31
Danish collections on a whole range of hard-
wood hosts.
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Material: Vestfold, Ngtteray, Landsred,
10.3810 / 59.1788, on Tilia wood in temperate
deciduous forest, Oct. 27, 2013, leg. & det.
BN.

Figure 8. Rosellinia marcucciana on fallen branch
of a deciduous tree. Photo: C. Reisborg.

Sphaerostilbella berkeleyana (Plowr. &
Cooke) Samuels & Cand. Fig. 9.

This species has a single record from Sweden
(Skéne) and 8 records from Denmark. Its host
Stereum hirsutum is a common species and
more finds of S. berkeleyana may turn up if
the species is sought for.

Material: Aust-Agder, Arendal, Stea, 58.4930
/ 8.8033, in mixed forest, on Stereum hirsutum
basidiomata, Oct. 4, 2014, leg. & det. TL,
Conf. CL.

Figure 9. Sphaerostilbella berkeleyana on the
hymenium of Stereum hirsutum. Photo: J. H.
Petersen.
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Stegonsporium pyriforme (Hoffm.) Corda
The ascospores of S. pyriforme are similar to
those of S. acerophilum, but differ by spore
septation and the size of spore appendages
(Voglmayr and Jaklitsch 2008), and their hosts
(Acer pseudoplatanus vs. A. saccharum).
Jaklitsch and Voglmayr (2014) described two
similar species, S. protopyriforme and S.
pseudopyriforme, which also occur on A.
pseudoplatanus and which can be reliably
distinguished from S. pyriforme only by mole-
cular data. Stegomsporium pyriforme sensu
stricto is not with certainty known from Swe-
den but is known from Denmark (Voglmayr
and Jaklitsch 2014).

Material: Aust-Agder, Arendal, Langevoll,
Nedenes, 58.4217 / 8.6990, on Acer pseudo-
platanus twig, Oct. 4, 2014, leg. & det. HV.

Thelonectria discophora (Mont.) P. Chaverri
& C. Salgado

A plurivorous species, known from Salix in
Smaland in Sweden, but not from Denmark.
Material: Norway, Aust-Agder, Arendal, Stea,
Songeskogen, 58.4942 / 8.8049, on Quercus
bark, Oct. 4, 2014, leg. CL.

Trichoderma europaeum Jaklitsch &
Voglmayr

The ascomata of Trichoderma species (form-
erly classified as Hypocrea) are only in good
condition for a short period, and many require
cultivation and sequencing for reliable deter-
mination. They can therefore be difficult to
study, and many species are certainly undi-
scovered in Norway. Until recently, 7. euro-
paeum has been classified as 7. minutisporum
but Jaklitsch and Voglmayr (2015) demon-
strated that 7. minutisporum sensu stricto is
confined to North-America, and described T
europaeum and T. mediterraneum for Euro-
pean collections. Most previous records of 7.
minutisporum from Europe represent 7. euro-
paeum, which is the most common species in
the genus in Europe (Jaklitsch 2011, Jaklitsch
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and Voglmayr 2015) including Sweden and
Denmark.

Material: Vestfold, Gullkronene Nature Reserve,
Lille Gullkrona, 59.2861 / 10.3814, on Fagus
wood in deciduous forest, Oct. 25, 2013, leg.
& det. TL, JHP.

Trichoderma moravicum Jaklitsch

The stromata typically form on decayed wood
in moist forest (Jaklitsch 2011). The species
appears to be new to Scandinavia.

Material: Vest-Agder, Kristiansand, Nedre
Timenes, 58.1642 / 8.1092, on leaf debris in
temperate deciduous forest, Oct. 5, 2014, leg.
& det. TL.

Trichoderma silvae-virgineae Jaklitsch. Fig. 10.
Stromata of 7. silvae-virgineae may resemble
for instance immature stromata of the common
but green-spored 7. strictipile, but is white-
spored and has prominent perithecial contours.
It was found once in Skane in Sweden and
also once in Denmark.

Material: Vestfold, Horten, Fjugstad, 59.3611
/ 10.4637, on Fagus wood in temperate
deciduous forest, Oct. 24, 2013, leg. & det.
TL & JHP.

Figure 10. Trichoderma silvae-virgineae on Fagus
log. Photo: J. H. Petersen.

Trichoderma strictipile Bissett

There are many Norwegian collections deter-
mined as Hypocrea gelatinosa. The majority
of these probably represent Trichoderma
strictipile, a much more common species in
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most of Europe (Jaklitsch 2009, Jaklitsch and
Voglmayr 2015). The thirteen collections
labeled H. gelatinosa in Herb. O were all
revised as H. strictipilosa by BN and TL in
2013. It occurs north to Uppland in Sweden
and has 21 Danish records.

Material: Vestfold, Gullkronene Nature
Reserve, Lille Gullkrona, 59.2862 / 10.3832,
on decorticated Quercus wood in temperate
deciduous forest, Oct. 25, 2013, leg. & det.
TL, JHP.

Trichonectria rubefaciens (Ellis & Everh.)
Diederich & Schroers. Fig. 11.

It is known from the lichen Pleurosticta aceta-
bulum in Ostergdtland and Nirke in Sweden
(Nordin et al. 2015), but has not been found
in Denmark.

Material: Hordaland, Etne, Tungesvikstranda,
59.7338 / 5.9724, parasitic on the thallus of
Lobaria virens on Fraxinus excelsior in a
steep slope, May 12,2013, leg. & det. BN.

Figure 11. Trichonectria rubefaciens on the thallus
of Parmelia sulcata. Photo: J. H. Petersen.

Trichosphaerella decipiens E. Bommer, M.
Rousseau & Sacc.

The species is known from Sweden (Skane,
Oland) and has 17 records in Denmark.
Material: Vestfold, Tensberg, Gullkronene
Nature reserve, Lille Gullkrona, 59.2853 /
10.3826, on the hymenium of Peniophora
limitata on branch of deciduous tree, Oct. 25,
2013. leg. JBJ, det. TL.
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Vialaea insculpta (Fr.) Sacc. Fig. 12.

The species is probably quite common on both
wild and planted /lex aquifolium bushes. It is
new to Scandinavia.

Material: Aust-Agder, Grimstad, Demmes-
moen Park, 58.3562 / 8.5775, on llex aqui-
folium twigs, Oct. 4, 2014, leg. & det. BN.

Figure 12. Vialaea insculpta ascospores. Photo:
B. Nordén.

Xylomelasma sordida Réblova

Xylomelasma sordida belongs to a group of
species with immersed perithecia with long
protruding necks that often occur on decayed
wood of deciduous trees. It was found in
Skane in Sweden and on three occasions in
Denmark.

Material: Nord-Trendelag, Steinkjer, Byahalla
NR, 64.0508 / 11.5717, on dead part of
coppiced Ulmus in deciduous forest, May 9,
2014, leg. BN, JBJ, det. BN.

DISCUSSION

Our survey shows that pyrenomycetous fungi
in temperate deciduous forests have been
poorly studied in Norway. The low interest in
these fungi by both professional and amateur
mycologists is striking, for example in com-
parison with the interest in small and obscure
lichenized fungi. The reasons are probably a
paucity of academic traditions with few avail-
able experts, and the lack of comprehensive
and updated determination keys and check-
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lists. A first critical check-list of Norwegian
Sordariomycetes produced as part of the
project (Nordén et al. 2015).

In addition the 40 Sordariomycete species
reported here, three species were described
as new to science within the project period,
Chlorostroma vestlandicum (Nordén et al.
2014a), Bryocentria hypothallina (Nordén et
al. 2015b) and Stylonectria norvegica (Lechat
et al. 2015), and two were reported as new to
Norway in Nordén (2014).

During our intensive search for fungi be-
longing to class Sordariomycetes in temperate
deciduous forests, we also identified several
pyrenomycetous fungi new to Norway belong-
ing to other taxonomic groups. The most nume-
rous were species belonging to class Dothideo-
mycetes and to the Chaetothyriomycetidae in
Eurotiomycetes, and these findings will be
reported elsewhere. Our results highlight the
importance of temperate deciduous forests
for the diversity of Sordariomycetes and
other pyrenomycetous fungi. It is also clear
that much work is needed before the wood-
inhabiting pyrenomycetous fungi in Norway
are satisfactorily known. Further, several
species found by us are undescribed and
taxonomic work should be intensified.
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SAMMENDRAG

Sjekklista omfatter alle kjernesopper (pyreno-
myceter) tilherende klassen Sordariomycetes
som er kjent fra Norge og inkluderer 590 arter.
Lista er basert pa gjennomgang av herbarie-
materiale, litteratur og egne undersgkelser
2011-2015.

ABSTRACT

A checklist is presented of ascomycetes be-
longing to class Sordariomycetes in Norway.
It encompasses 590 species. The list is based
on material from Norwegian herbaria, litera-
ture and our own investigations 2011-2015.

INTRODUCTION

This is the first critical checklist of Sordario-
mycetes in Norway. Aarnas (2002) provided
a list of 623 names of sordariomycetes, but

mentioned that ‘To decide what the correct
epithet and author citation for a species should
be, is the work of a specialist’. The present
list attempts to provide updated information on
new finds and nomenclature. Specific data
on the ecology and distribution of the species
in Norway can be gathered from the cited
data sources, while more general data on for
example substrate relations can be found in
Eriksson (2014) and at http://www8.umu.se/
myconet/asco/vasc/index.html.

MATERIALS AND METHODS

The list is based on data from Aarnzs (2002),
Norsk Soppdatabase (NSD, 2015), the
Norwegian Biodiversity Information Centre
(“Artsdatabanken” & GBIF Norway (2015),
also called “Artskart”), other relevant
literature, and the study of own material and
material from public herbaria in Norway. In
the list, NSD (2015) is not cited separately,
since it was merged with Artskart. However,
NSD should be consulted if information is not
found in Artskart since some of the infor-
mation may not yet have been implemented
in Artskart.

Digitized data on Norwegian herbarium
specimens of Sordariomycetes were down-
loaded 01.11.2015 from Artsdatabanken &
GBIF Norway and valid names were extracted
and compiled. All names of Ascomycetes
mentioned from Norway by Aarnas (2002)
were compiled, in total 3150 names. The
identity of all names was controlled by com-
paring to Eriksson (2014), Index Fungorum
(http://www.indexfungorum.org/names/names.
asp) and the Norwegian Species Names
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Database (Artsdatabanken 2015). Their identity
was investigated in the same way as other
names. The systematic belonging of the valid
names (family, order, class) was added as
given in Index Fungorum and Lumbsch and
Huhndorf (2010).

Species reported from Norway by reference
only to the asexual stage were not listed. Only
species with a voucher are listed. We did not
include species identified from an environ-
mental DNA sequence. Species in need of
cultivation for secure determination but for
which this was not performed were excluded.
For some old names, usually from the 1800s,
we haven’t been able to figure out what they
would stand for and such names were excluded.
Further, entries in Artskart for which no
identifier were given were excluded. Among
synonyms, mainly those facilitating to find
species in Artskart are listed.

RESULTS

The check-list encompasses 590 species, with
the largest orders being Xylariales with 145
species, Diaporthales with 122, Hypocreales
with 111, and Sordariales with 77 species.
After each name, and in some cases synonyms,
family and order is followed by Norwegian
vernacular name when applicable, and there-
after by source.

The checklist is also available online at
Agarica.no.

Acanthonitschkea peltigericola (Alstrup & Olech)
O.E. Erikss. & R. Sant., Nitschkiaceae, Corono-
phorales, source: Aarnzes (2002)

Acanthonitschkea tristis (Pers.: Fr.) Nannf., Nitsch-
kiaceae, Coronophorales, source: Artskart (2015),
Aarnzas (2002)

Albertiniella polyporicola (Jacz.) Malloch & Cain,
Cephalothecaceae, Sordariales, source: Nordén et
al. (2015b)

Allantoporthe decedens (Fr.: Fr.) MLE. Barr, Melan-
conidaceae, Diaporthales, source: Artskart
(2015), Aarnzes (2002)
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Allantoporthe tessella (Pers.: Fr.) Petr., Melanconi-
daceae, Diaporthales, source: Artskart (2015),
Aarngs (2002)

Amphiporthe hranicensis (Petr.) Petr., Valsaceae,
Diaporthales, source: Nordén et al. (2015b)

Amphiporthe leiphaemia (Fr.: Fr.) Butin, Valsaceae,
Diaporthales, source: Artskart (2015), Aarnaes
(2002)

Amphisphaerella dispersella (Nyl.) O.E. Erikss.,
Amphisphaeriaceae, Xylariales, source: Artskart
(2015), Aarnzes (2002)

Amphisphaerella erikssonii Math., Amphisphaeria-
ceae, Xylariales, source: Artskart (2015), Aarnaes
(2002)

Amphisphaerella xylostei (Pers.: Fr.) Raulamort,
Amphisphaeriaceae, Xylariales, source: Artskart
(2015), Aarnaes (2002)

Amphisphaeria bufonia (Berk. & Broome) Ces. &
De Not., Amphisphaeriaceae, Xylariales, source:
Nordén et al. (2015b)

Amphisphaeria umbrina (Fr.) De Not., Amphi-
sphaeriaceae, Xylariales, source: Artskart (2015),
Aarnas (2002)

Anisogramma virgultorum (Fr.: Fr.) Theiss. & Syd.,
Valsaceae, Diaporthales, source: Artskart (2015),
Aarnzs (2002)

Annulohypoxylon cohaerens (Pers.: Fr.) Y.M. Ju,
J.D. Rogers & H.M. Hsieh, Xylariaceae,
Xylariales, source: Artskart (2015), Aarnzes
(2002)

Annulohypoxylon minutellum (Syd. & P. Syd.) YM.
Ju, J.D. Rogers & H.M. Hsieh, Xylariaceae,
Xylariales, source: Nordén (2014)

Annulohypoxylon multiforme (Fr.: Fr.) Y.M. Ju, J.D.
Rogers & H.M. Hsieh, Xylariaceae, Xylariales,
Norwegian name: bjerkekullsopp, source:
Artskart (2015)

Annulusmagnus triseptatus (S.W. Wong, K.D. Hyde
& E.B.G. Jones) J. Campb. & Shearer, Annulata-
scaceae, Incertae sedis, source: Artskart (2015)

Anopodium ampullaceum N. Lundq., Lasiosphae-
riaceae, Sordariales, source: Aarnzs (2002)

Anthostoma polare K. Holm & L. Holm, Diatrypa-
ceae, Xylariales, source: Aarnaes (2002)

Anthostomella arenaria O.E. Erikss., Xylariaceae,
Xylariales, source: Aarnes (2002)

Anthostomella lugubris (Roberge ex Desm.) Sacc.,
Xylariaceae, Xylariales, source: Aarnas (2002)

Anthostomella phaeosticta (Berk.) Sacc., Xylaria-
ceae, Xylariales, source: Aarnaes (2002)

AGARICA vol. 36



Apiognomonia alniella (P. Karst.) Hohn., Valsaceae,
Diaporthales, source: Artskart (2015), Aarnaes
(2002)

Apiognomonia borealis (J. Schrét.) M. Monod,
Valsaceae, Diaporthales, source: Sogonov et al.
(2008)

Apiognomonia erythrostoma (Pers.: Fr.) Héhn.,
Valsaceae, Diaporthales, source: Artskart (2015),
Aarnzs (2002)

Apiothyrium arcticum Petr., Hyponectriaceae,
Xylariales, source: Aarnes (2002)

Apodospora simulans Cain & Mirza, Lasiosphaeri-
aceae, Sordariales, source: Artskart (2015),
Aarnzaes (2002)

Aporhytisma urticae (Fr.: Fr.) Hohn., Valsaceae,
Diaporthales, source: Aarnaes (2002)

Arnium hirtum (E.C. Hansen) N. Lundq. & J.C.
Krug, Lasiosphaeriaceae, Sordariales, source:
Artskart (2015), Aarnaes (2002)

Arnium imitans N. Lundq., Lasiosphaeriaceae,
Sordariales, source: Artskart (2015), Aarnaes
(2002)

Arnium leporinum (Cain) N. Lundq. & J.C. Krug,
Lasiosphaeriaceae, Sordariales, source: Aarnas
(2002)

Arnium olerum (Fr.) N. Lundg. & J.C. Krug,
Lasiosphaeriaceae, Sordariales, source: Aarnas
(2002)

Arwidssonia empetri (Rehm.) B. Erikss., Hypo-
nectriaceae, Xylariales, source: Artskart (2015),
Aamees (2002)

Arwidssonia loiseleuriae B. Erikss., Hyponectria-
ceae, Xylariales, source: Aarnas (2002)

Barbatosphaeria barbirostris (Dufour: Fr.) Réblova,
Incertae sedis, Sordariales, source: Artskart
(2015)

Barrmaelia macrospora (Nitschke) Rappaz,
Xylariaceae, Xylariales, source: Mathiassen &
Granmo (2012)

Barrmaelia oxyacanthae (Mont.) Rappaz, Xylaria-
ceae, Xylariales, source: Artskart (2015), Aarnaes
(2002)

Barrmaelia pseudobombarda (Sacc.) Rappaz,
Xylariaceae, Xylariales, source: Mathiassen et al.
(2015)

Bertia moriformis (Tode: Fr.) De Not., Nitschkia-
ceae, Coronophorales, Norwegian name:
morbzrkjernesopp, source: Artskart (2015),
Aarnzs (2002)
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Bertia moriformis var. latispora Corlett & J.C.
Krug, Nitschkiaceae, Coronophorales, source:
Artskart (2015)

Biscogniauxia cinereolilacina (J.H. Mill.) Pouzar,
Xylariaceae, Xylariales, Norwegian name:
lindekullsopp, source: Artskart (2015), Aarnaes
(2002)

Biscogniauxia granmoi Lar. N. Vassiljeva, Xylaria-
ceae, Xylariales, source: Artskart (2015), Aarnaes
(2002)

Biscogniauxia marginata (Fr.) Pouzar, Xylariaceae,
Xylariales, Norwegian name: vrangkullsopp,
source: Artskart (2015), Aarnees (2002)

Biscogniauxia nummularia (Bull.: Fr.) Kuntze,
Xylariaceae, Xylariales, Norwegian name:
heggekullsopp, source: Aarnas (2002)

Biscogniauxia repanda (Fr.: Fr.) Kuntze, Xylaria-
ceae, Xylariales, Norwegian name: rognekull-
sopp, source: Artskart (2015), Aarnzas (2002)

Bombardia bombarda (Batsch: Fr.) J. Schrét.,
Lasiosphaeriaceae, Sordariales, source: Artskart
(2015), Aarnzes (2002)

Bombardioidea bombardioides (Auersw. ex Niessl)
C. Moreau ex N. Lundq., Lasiosphaeriaceae,
Sordariales, source: Artskart (2015)

Bryocentria hypothallina B. Nordén, Gardiennet,
Priou & Dobbeler, Bionectriaceae, Hypocreales,
source: Nordén et al. (2015a)

Bryocentria metzgeriae (Ade & Hohn.) Dobbeler,
Bionectriaceae, Hypocreales, source: Nordén et
al. (2015b)

Bryonectria hylocomii (Dobbeler) Dobbeler,
Bionectriaceae, Hypocreales, source: Aarnaes
(2002)

Buergenerula biseptata (Rostr.) Syd., Magna-
porthaceae, Incertae sedis, source: Artskart
(2015), Aarnzes (2002)

Cainiella borealis M.E. Barr, Hyponectriaceae,
Xylariales, source: Artskart (2015), Aarnzes
(2002)

Cainiella johansonii (Rehm) E. Miill., Hyponectri-
aceae, Xylariales, source: Artskart (2015),
Aarngs (2002)

Calosphaeria cf. cryptospora Munk, Calosphaeri-
aceae, Calosphaeriales, source: Mathiassen &
Granmo (2012)

Calosphaeria ciliatula (Fr.: Fr.) P. Karst., Calo-
sphaeriaceae, Calosphaeriales, source: Artskart
(2015)
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Calosphaeria dryina (Curr.) Nitschke, Calosphaeria-
ceae, Calosphaeriales, source: Artskart (2015),
Aarnzas (2002)

Calosphaeria pulchella (Pers.: Fr.) J. Schrét., Calo-
sphaeriaceae, Calosphaeriales, source: Artskart
(2015), Aarnzes (2002)

Calosphaeria wahlenbergii Nitschke, Calosphaeri-
aceae, Calosphaeriales, source: Artskart (2015),
Aarnzs (2002)

Camarops lutea (Alb. & Schwein.: Fr.) Shear, Syn.
Camaropella lutea (Alb. & Schwein.) Lar.N.
Vassiljeva, Boliniaceae, Boliniales, source:
Nordén et al. (2015b)

Camarops microspora (P. Karst.) Shear, Bolinia-
ceae, Boliniales, Norwegian name: orekull-
skorpe, source: Artskart (2015), Aarnees (2002)

Camarops polysperma (Mont.) J.H. Miller,
Boliniaceae, Boliniales, source: Artskart (2015)

Camarops pugillus (Schwein.: Fr.) Shear, Syn.
Camaropella pugillus (Schwein. Fr.) Lar.N.
Vassiljeva, Boliniaceae, Boliniales, source:
Nordén et al. (2015b)

Camarops tubulina (Alb. & Schwein.: Fr.) Shear,
Boliniaceae, Boliniales, Norwegian name:
grankullskorpe, source: Artskart (2015)

Caudospora taleola (Fr.: Fr.) Starbick, Incertae
sedis, Diaporthales, source: Artskart (2015),
Aarnees (2002)

Ceratocystiopsis minuta (Siemaszko) H.P.
Upadhyay & W.B. Kendr., Ophiostomataceae,
Ophiostomatales, source: Artskart (2015)

Ceratocystis coerulescens (Miinch) B.K. Bakshi,
Incertae sedis, Microascales, source: Artskart
(2015), Aarnzes (2002)

Ceratocystis pilifera (Fr.) C. Moreau, Incertae sedis,
Microascales, source: Artskart (2015), Aarnzes
(2002)

Ceratosphaeria lampadophora (Berk. & Broome)
Niessl, Incertae sedis, Incertae sedis, source:
Nordén et al. (2015b)

Ceratosphaeria ordinata (Fr.) Kirschst., Incertae
sedis, Incertae sedis, source: Artskart (2015),
Aarnzas (2002)

Ceratosphaeria rhenana (Auversw.) G. Winter,
Incertae sedis, Incertae sedis, source: Nordén et
al. (2015b)

Ceratostoma haematorhynchum (Sommerf.) Fr.,
Ceratostomataceae, Hypocreales, source: Artskart
(2015), Aarnzes (2002)
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Ceratostomella cuspidata (Fr.: Fr.) Réblova, Annu-
latascaceae, Incertae sedis, source: Aarnzes (2002)

Ceratostomella rostrata (Tode: Fr.) Sacc., Annulata-
scaceae, Incertae sedis, source: Artskart (2015),
Aarnzs (2002)

Cercophora coprophila (Fr.) N. Lundq., Lasio-
sphaeriaceae, Sordariales, source: Artskart
(2015), Aarnzes (2002)

Cercophora gossypina N. Lundq., Lasiosphaeria-
ceae, Sordariales, source: Artskart (2015)

Cercophora mirabilis Fuckel, Lasiosphaeriaceae,
Sordariales, source: Artskart (2015), Aarnaes
(2002)

Ceriospora ribis Henn. & Plottn. 1900, Syn. Neo-
keissleria ribis (Henn. & P16ttn.) Petr., Melan-
conidaceae, Diaporthales, source: Artskart (2015)

Ceriosporopsis circumvestita (Kohlm.) Kohlm,
Halosphaeriaceae, Microascales, source: Rdma4 et
al. (2014)

Ceriosporopsis halima Linder, Halosphaeriaceae,
Microascales, source: Rdmad et al. (2014)

Chaetomium cochliodes Palliser, Chaetomiaceae,
Sordariales, source: Artskart (2015)

Chaetomium crispatum (Fuckel) Fuckel, Chae-
tomiaceae, Sordariales, source: Aarnaes (2002)

Chaetomium elatum Kunze, Syn. Chaectomium
comatum (Tode: Fr.) Fr., Chaetomiaceae, Sor-
dariales, source: Artskart (2015), Aarnzes (2002)

Chaetomium globosum Kunze: Fr., Chaetomiaceae,
Sordariales, Norwegian name: raggratemugg,
source: Artskart (2015), Aarnzs (2002)

Chaetomium indicum Corda, Chaectomiaceae,
Sordariales, source: Artskart (2015)

Chaetomium spirale Zopf, Chaetomiaceae, Sordari-
ales, source: Artskart (2015)

Chaetomium tomentosum Preuss, Chaetomiaceae,
Sordariales, source: Aarnaes (2002)

Chaetosphaerella phaeostroma (Dur. & Mont.) E.
Miill. & C. Booth, Chaetosphaerellaceae,
Coronophorales, source: Artskart (2015)

Chaetosphaeria myriocarpa (Fr.: Fr.) Booth,
Chaetosphaeriaceae, Chaetosphaeriales, source:
Artskart (2015), Aarnaes (2002)

Chaetosphaeria ovoidea (Fr.: Fr.) Constant., K.
Holm & L. Holm, Chaetosphaeriaceae, Chaeto-
sphaeriales, source: Artskart (2015), Aarnas
(2002)

Chaetosphaeria potentillae Rostr., Chaetosphaeria-
ceae, Chaetosphaeriales, source: Aarnees (2002)
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Chaetosphaeria pulviscula (Curr.) C. Booth,
Chaetosphaeriaceae, Chaetosphaeriales, source:
Artskart (2015), Aarnaes (2002)

Chaetosphaeria tortuosa Réblova, Seifert & G.P.
White, Chaetosphaeriaceae, Chaetosphaeriales,
source: Nordén et al. (2015b)

Chamaeascus arcticus L. Holm, K. Holm & M.E.
Barr, Hyponectriaceae, Xylariales, source: Arts-
kart (2015), Aarnaes (2002)

Chlorostroma vestlandicum Nordén & Laessee,
Xylariaceae, Xylariales, source: Nordén et al.
(2014a)

Claviceps nigricans Tul., Clavicipitaceae, Hypocre-
ales, Norwegian name: sivaksmeldreye, source:
Artskart (2015), Aarnaes (2002)

Claviceps purpurea (Fr.) Tul. s.lat., Clavicipitaceae,
Hypocreales, Norwegian name: meldroye,
source: Artskart (2015), Aarnaes (2002)

Clypeosphaeria asparagi (Fuckel) G. Winter,
Clypeosphaeriaceae, Xylariales, source: Artskart
(2015), Aarnzes (2002)

Clypeosphaeria mamillana (Fr.: Fr.) Lambotte,
Clypeosphaeriaceae, Xylariales, source: Aarnas
(2002)

Coelosphaeria acervata P. Karst., Nitschkiaceae,
Coronophorales, source: Aarnzes (2002)

Colletotrichum salicis (Auversw. ex Fuckel) Damm,
P.F. Cannon & Crous, Syn. Plectosphaera salicis
(Auersw. ex Fuckel) Arx & E. Miill., Phyllachor-
aceae, Phyllachorales, source: Aarnas (2002)

Coniochaeta leucoplaca (Berk. & Ravenel) Cain,
Coniochactaceae, Coniochacetales, source: Arts-
kart (2015), Aarnaes (2002)

Coniochaeta ligniaria (Grev.) Cooke, Coniochae-
taceae, Coniochaetales, source: Artskart (2015),
Aarnees (2002)

Coniochaeta malacotricha (Auersw. ex Niessl)
Traverso, Coniochactaceae, Coniochaetales,
source: Mathiassen & Granmo (2012)

Coniochaeta ovata Matsush., Coniochaetaceae,
Coniochaetales, source: Artskart (2015)

Coniochaeta pulveracea (Ehrh.: Fr.) Munk, Conio-
chaetaceae, Coniochaetales, source: Artskart
(2015), Aarnzes (2002)

Coniochaeta scatigena (Berk. & Broome) Cain,
Coniochactaceae, Coniochacetales, source: Arts-
kart (2015), Aarnaes (2002)

Coniochaeta sordaria (Fr.: Fr.) Petr., Coniochaeta-
ceae, Coniochaetales, source: Aarnaes (2002)
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Coniochaeta subcorticalis (Fuckel) Munk, Coniocha-
etaceae, Coniochaetales, source: Artskart (2015),
Aarngs (2002)

Coniochaeta vagans (Carestia & De Not.) N. Lundgq.,
Coniochaetaceae, Coniochaetales, source: Arts-
kart (2015), Aarnaes (2002)

Coniochaeta velutina (Fuckel) Cooke, Coniocha-
etaceae, Coniochaetales, source: Artskart (2015),
Aarnzs (2002)

Cordyceps bifusispora O.E. Erikss., Cordycipita-
ceae, Hypocreales, Norwegian name: hvit
ameklubbe, source: Artskart (2015), Aarnzes
(2002)

Cordyceps militaris (L.: Fr.) Link, Cordycipitaceae,
Hypocreales, Norwegian name: red &meklubbe,
source: Artskart (2015), Aarnaes (2002)

Corollospora comata (Kohlm.) Kohlm, Halo-
sphaeriaceae, Microascales, source: Rdmad et al.
(2014)

Corollospora luteola Nakagiri & Tubaki, Halo-
sphaeriaceae, Microascales, source: Rdmad et al.
(2014)

Corollospora maritima Werderm., Halosphaeria-
ceae, Microascales, source: Rdmad et al. (2014)

Coronophora annexa (Nitschke) Fuckel, Nitschki-
aceae, Coronophorales, source: Artskart (2015)

Coronophora gregaria Fuckel, Nitschkiaceae,
Coronophorales, source: Artskart (2015), Aarnaes
(2002)

Coronophora ovipara Munk, Nitschkiaceae, Corono-
phorales, source: Artskart (2015), Aamees (2002)

Cosmospora coccinea Rabenh., Nectriaceae, Hypo-
creales, source: Artskart (2015)

Cosmospora episphaeria (Tode: Fr.) Rossman &
Samuels, Nectriaceae, Hypocreales, source:
Artskart (2015), Aarnaes (2002)

Cosmospora flavoviridis (Fuckel) Rossman &
Samuels, Nectriaceae, Hypocreales, source:
Artskart (2015)

Cosmospora magnusiana (Rehm) Rossman &
Samuels, Nectriaceae, Hypocreales, source:
Artskart (2015)

Cryptodiaporthe apiculata (Wallr.) Petr., Gnomon-
iaceae, Diaporthales, source: Artskart (2015)

Cryptodiaporthe aubertii (Westend.) Wehm.,
Gnomoniaceae, Diaporthales, source: Aarnas
(2002)

Cryptodiaporthe populea (Sacc.) Butin ex Butin,
Gnomoniaceae, Diaporthales, source: Aarnas
(2002)
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Cryptodiaporthe pyrrhocystis (Berk. & Broome)
Wehm., Gnomoniaceae, Diaporthales, source:
Aarnzas (2002)

Cryptodiaporthe salicella (Fr.: Fr.) Petr., Gnomonia-
ceae, Diaporthales, source: Artskart (2015),
Aarnzes (2002)

Cryptomycina pteridis (Rebent.: Fr.) Hohn., Incertae
sedis, Incertae sedis, Norwegian name: einstape-
skorpe, source: Aarnzs (2002)

Cryptosphaeria eunomia (Fr.) Fuckel, Diatrypaceae,
Xylariales, source: Artskart (2015), Aarnees
(2002)

Cryptosphaeria ligniota (Fr.) Auersw., Diatrypaceae,
Xylariales, source: Artskart (2015), Aarnas
(2002)

Cryptosphaeria subcutanea (Wahlenb.: Fr.) Rappaz,
Diatrypaceae, Xylariales, source: Artskart (2015),
Aarnees (2002)

Cryptosporella suffusa (Fr.: Fr.) L.C. Mejia & Castl,,
Valsaceae, Diaporthales, source: Artskart (2015),
Aarnzs (2002)

Cryptovalsa protracta (Pers.: Fr.) Ces. & De Not. ex
Fuckel, Incertae sedis, Incertae sedis, source:
Aarnzas (2002)

Cyanophomella acervalis (Sacc.) Hohn., Nectria-
ceae, Hypocreales, source: Artskart (2015)

Daldinia loculata (Lev.) Sacc., Xylariaceae,
Xylariales, Norwegian name: beltekullsopp,
source: Artskart (2015)

Daldinia petriniae YM. Ju, J.D. Rogers & San
Martin, Xylariaceae, Xylariales, source: Artskart
(2015)

Daldinia vernicosa Ces. & De Not., Syn. Daldinia
fissa Lloyd, Xylariaceae, Xylariales, source:
Artskart (2015)

Diaporthe arctii (Lasch) Nitschke, Diaporthaceae,
Diaporthales, source: Aarnaes (2002)

Diaporthe beckhausii Nitschke, Diaporthaceae,
Diaporthales, source: Artskart (2015), Aarnaes
(2002)

Diaporthe decorticans (Lib.) Sacc. & Roum.,
Diaporthaceae, Diaporthales, source: Aarnzes
(2002)

Diaporthe detrusa (Fr.: Fr.) Fuckel, Diaporthaceae,
Diaporthales, source: Artskart (2015), Aarnaes
(2002)

Diaporthe eres Nitschke, Diaporthaceae, Diapor-
thales, source: Artskart (2015), Aarnaes (2002)

Diaporthe fibrosa (Pers.: Fr.) Nitschke, Diaporth-
aceae, Diaporthales, source: Aarnzs (2002)
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Diaporthe forabilis Nitschke, Diaporthaceae,
Diaporthales, source: Aarnaes (2002)

Diaporthe impulsa (Cooke & Peck) Sacc., Dia-
porthaceae, Diaporthales, source: Artskart (2015)

Diaporthe incarcerata (Berk. & Broome) Nitschke,
Diaporthaceae, Diaporthales, source: Aarnees
(2002)

Diaporthe minuscula Sacc. & Speg., Diaporthaceae,
Diaporthales, source: Aarnas (2002)

Diaporthe otthii Nitschke, Diaporthaceae,
Diaporthales, source: Artskart (2015)

Diaporthe padi G.H. Otth, Diaporthaceae,
Diaporthales, source: Artskart (2015)

Diaporthe radula Nitschke, Diaporthaceae,
Diaporthales, source: Artskart (2015)

Diaporthe strumella (Fr.: Fr.) Fuckel, Diaporth-
aceae, Diaporthales, source: Artskart (2015),
Aarnzs (2002)

Diaporthe transversalis P. Karst., Diaporthaceae,
Diaporthales, source: Aamnees (2002)

Diaporthe tulasnei Nitschke, Diaporthaceae,
Diaporthales, source: Aarnas (2002)

Diaporthella aristata (Fr.: Fr.) Petr., Valsaceae,
Diaporthales, Norwegian name: bjerketaggvorte,
source: Artskart (2015), Aarnas (2002)

Diatrype bullata (Hoffm.: Fr) Fr., Diatrypaceae,
Xylariales, Norwegian name: seljerundskorpe,
source: Artskart (2015), Aarnees (2002)

Diatrype decorticata (Pers.: Fr.) Rappaz, Diatrypa-
ceae, Xylariales, source: Artskart (2015), Aarnaes
(2002)

Diatrype disciformis (Hoftm.: Fr.) Fr., Diatrypaceae,
Xylariales, Norwegian name: bekerundskorpe,
source: Artskart (2015), Aarnees (2002)

Diatrype flavovirens (Pers.: Fr.) Fr., Diatrypaceae,
Xylariales, Norwegian name: grennskorpe,
source: Artskart (2015), Aarnees (2002)

Diatrype quercina (Pers.: Fr.) Fr., Syn. Diatrypella
quercina (Pers.: Fr.) Cooke, Diatrypaceae,
Xylariales, source: Artskart (2015)

Diatrype spilomea Syd., Diatrypaceae, Xylariales,
source: Artskart (2015)

Diatrype stigma (Hoffm.: Fr.) Fr., Diatrypaceae,
Xylariales, Norwegian name: svartskorpe,
source: Artskart (2015), Aarnees (2002)

Diatrype stigmaoides Kauffman, Diatrypaceae,
Xylariales, source: Nordén et al. (2015b)

Diatrype undulata (Pers.: Fr.) Fr.,, Diatrypaceae,
Xylariales, source: Artskart (2015)
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Diatrypella favacea (Fr.: Fr.) Ces. & De Not.,
Diatrypaceae, Xylariales, source: Artskart (2015),
Aarnzas (2002)

Diatrypella verruciformis (Ehrh.: Fr.) Nitschke,
Diatrypaceae, Xylariales, source: Artskart (2015),
Aarnzes (2002)

Discosphaerina sorbi L Holm, K.Holm & M.E.Barr,
Hyponectriaceae, Xylariales, source: Mathiassen
& Granmo (2012)

Discostroma corticola (Fuckel) Brockmann,
Amphisphaeriaceae, Xylariales, source: Artskart
(2015), Aarnzes (2002)

Discostroma fuscellum (Berk. & Broome) Huhn-
dorf, Amphisphaeriaceae, Xylariales, source:
Artskart (2015), Aarnaes (2002)

Discostroma hyperboreum (P. Karst.) O.E. Erikss.,
Ampbhisphaeriaceae, Xylariales, source: Artskart
(2015), Aarnzs (2002)

Discostroma propendulum (P Karst.) Brockmann,
Amphisphaeriaceae, Xylariales, source: Artskart
(2015)

Ditopella ditopa (Fr.: Fr.) J. Schrét., Gnomoniaceae,
Diaporthales, source: Artskart (2015)

Dyrithium lividum (Pers.: Fr.) ML.E. Barr, Amphi-
sphaeriaceae, Xylariales, source: Artskart (2015),
Aarnees (2002)

Echinosphaeria canescens (Pers.: Fr.) AN. Mill. &
Huhndorf, Helminthosphaeriaceae, Sordariales,
source: Artskart (2015), Aarnaes (2002)

Echinosphaeria strigosa (Alb. & Schwein.: Fr.)
Sacc., Syn. Lasiosphaeria strigosa (Alb. &
Schwein.: Fr.) Sacc., Lasiosphaeriaceae,
Sordariales, source: Aarnas (2002)

Elaphocordyceps capitata (Holmsk.: Fr.) G.H. Sung,
JM. Sung & Spatafora, Ophiocordycipitaceae,
Hypocreales, Norwegian name: stor soppklubbe,
source: Artskart (2015), Aarnaes (2002)

Elaphocordyceps longisegmentis (Ginns) G.H.
Sung, J.M. Sung & Spatafora, Ophiocordycipi-
taceae, Hypocreales, Norwegian name: vrang-
soppklubbe, source: Artskart (2015), Aarnzs
(2002)

Elaphocordyceps ophioglossoides (Ehrh.: Fr.) G.H.
Sung, J.M. Sung & Spatafora, Ophiocordy-
cipitaceae, Hypocreales, Norwegian name: smal
soppklubbe, source: Artskart (2015), Aarnzs
(2002)

Elaphocordyceps rouxii (Cand.) G.H. Sung, J.M.
Sung & Spatafora, Ophiocordycipitaceae,
Hypocreales, Norwegian name: narresoppklubbe,
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source: Artskart (2015)

Emericellopsis terricola ].F.H. Beyma, Incertae
sedis, Hypocreales, source: Aarnaes (2002)

Enchnoa infernalis (Kunze: Fr.) Sacc., Nitschkia-
ceae, Coronophorales, source: Artskart (2015),
Aarnzs (2002)

Enchnoa lanata (Fr.: Fr.) Fr., Nitschkiaceae,
Coronophorales, source: Artskart (2015)

Endothia gyrosa (Schwein.: Fr.) Fr., Valsaceae,
Diaporthales, source: Nordén et al. (2015b)

Endoxyla operculata (Alb. & Schwein.: Fr.) Sacc.,
Boliniaceae, Boliniales, source: Aarnaes (2002)

Endoxylina pini Sivan., Diatrypaceae, Xylariales,
source: Mathiassen & Granmo (2012)

Entoleuca mammata (Wahlenb.) J.D. Rogers &
Y.M. Ju, Xylariaceae, Xylariales, Norwegian
name: vierkullsopp, source: Artskart (2015),
Aarnzs (2002)

Epichloé typhina (Pers.: Fr.) Tul. & C. Tul., Clavi-
cipitaceae, Hypocreales, Norwegian name:
kjevlesopp, source: Artskart (2015), Aarnaes
(2002)

Euepixylon udum (Pers.) Lessoe & Spooner,
Xylariaceae, Xylariales, source: Artskart (2015),
Aarnzs (2002)

Eutypa astroidea Rappaz, Diatrypaceae, Xylariales,
source: Aarnas (2002)

Eutypa lata (Pers.: Fr.) Tul. & C. Tul., Diatrypaceae,
Xylariales, source: Artskart (2015), Aarnzes
(2002)

Eutypa leioplaca (Fr.: Fr.) Cooke, Diatrypaceae,
Xylariales, source: Nordén et al. (2015b)

Eutypa maura (Fr.: Fr.) Fuckel, Diatrypaceae,
Xylariales, source: Artskart (2015), Aarnzes
(2002)

Eutypa petrakii Rappaz, Diatrypaceae, Xylariales,
source: Artskart (2015), Aarnees (2002)

Eutypa polycocca (Fr.) P. Karst., Diatrypaceae,
Xylariales, source: Artskart (2015), Aarnzes
(2002)

Eutypa sparsa Romell, Diatrypaceae, Xylariales,
source: Artskart (2015), Aarnees (2002)

Eutypa spinosa (Pers.: Fr.) Tul. & C. Tul., Diatrypa-
ceae, Xylariales, source: Artskart (2015), Aamees
(2002)

Eutypella cerviculata (Fr.: Fr.) Sacc., Diatrypaceae,
Xylariales, source: Artskart (2015), Aarnzes
(2002)

Eutypella grandis (Nitschke) Sacc., Diatrypaceae,
Xylariales, source: Artskart (2015), Aarnaes (2002)
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Eutypella padina (Nitschke) Nannf., Diatrypaceae,
Xylariales, source: Artskart (2015), Aarnaes
(2002)

Eutypella prunastri (Pers.: Fr.) Sacc., Diatrypaceae,
Xylariales, source: Artskart (2015), Aarnaes
(2002)

Eutypella sorbi (Alb. & Schwein.: Fr.) Sacc., Dia-
trypaceae, Xylariales, Norwegian name: rogne-
knapp, source: Artskart (2015), Aarnzes (2002)

Eutypella stellulata (Fr.) Sacc., Diatrypaceae,
Xylariales, source: Artskart (2015), Aarnees
(2002)

Exarmidium excellens (Rehm ex Sacc.) Aptroot,
Hyponectriaceae, Xylariales, source: Aarnas
(2002)

Exarmidium hemisphaericum (Fr.: Fr.) Aptroot,
Hyponectriaceae, Xylariales, source: Aarnas
(2002)

Exarmidium inclusum (Pers.: Fr.) Aptroot, Hypo-
nectriaceae, Xylariales, source: Aarnees (2002)

Gaeumannomyces graminis (Sacc.) Arx & D.L.
Olivier, Magnaporthaceae, Incertae sedis, source:
Artskart (2015), Aarnaes (2002)

Gelasinospora tetrasperma Dowding, Sordariaceae,
Sordariales, source: Artskart (2015), Aarnaes
(2002)

Gibberella flacca (Wallr.) Sacc., Nectriaceae, Hypo-
creales, source: Artskart (2015), Aarnaes (2002)

Gibberella pulicaris (Fr.: Fr.) Sacc., Nectriaceae,
Hypocreales, source: Artskart (2015), Aarnaes
(2002)

Gibberella zeae (Schwein.) Petch, Nectriaceae,
Hypocreales, source: Artskart (2015), Aarnaes
(2002)

Glomerella amenti (Rostr.) E. Miill. & Arx, Glomer-
ellaceae, Incertae sedis, source: Artskart (2015),
Aarnzs (2002)

Glomerella graminicola D J. Politis, Glomerel-
laceae, Incertae sedis, source: Artskart (2015)

Gnomonia cerastis (Riess) Ces. & De Not.,
Gnomoniaceae, Diaporthales, source: Artskart
(2015), Aarnzes (2002)

Gnomonia dryadis Auersw., Gnomoniaceae, Dia-
porthales, source: Artskart (2015), Aarnees (2002)

Gnomonia fimbriata (Pers.: Fr.) Fuckel, Gnomon-
iaceae, Diaporthales, source: Aarnees (2002)

Gnomonia gnomon (Tode: Fr.) J. Schrét., Gnomon-
iaceae, Diaporthales, source: Artskart (2015)

Gnomonia hyparctica Lind, Gnomoniaceae,
Diaporthales, source: Artskart (2015), Aarnaes
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(2002)

Gnomonia norvegica, Gnomoniaceae, Diaporthales,
source: Aarnas (2002)

Gnomonia rostellata (Fr.: Fr.) Wehm., Gnomon-
iaceae, Diaporthales, source: Artskart (2015)
Gnomonia rubi (Rehm) G. Winter, Gnomoniaceae,

Diaporthales, source: Nordskog et al 2003

Gnomonia skiftei M. Monod, Gnomoniaceae,
Diaporthales, source: Aarnas (2002)

Gnomoniella albomaculans Neger, Valsaceae,
Diaporthales, source: Artskart (2015)

Gnomoniella tubaeformis (Tode: Fr.) Sacc.,
Valsaceae, Diaporthales, source: Artskart (2015),
Aarnzs (2002)

Gnomoniella vagans Johanson, Gnomoniaceae,
Diaporthales, source: Artskart (2015), Aarnaes
(2002)

Gnomoniopsis idaeicola (P. Karst.) D.M. Walker,
Syn. Diaporthe idaeicola (P. Karst.), Valsaceae,
Diaporthales, source: Aamnees (2002)

Grosmannia cucullata (H. Solheim) Zipfel, Z.W. de
Beer & M.J. Wingf., Ophiostomataceae,
Ophiostomatales, source: Aarnees (2002)

Halosphaeria pileata (Kohlm.) Kohlm, Halo-
sphaeriaceae, Microascales, source: Rdma et al.
(2014)

Halosphaeria quadri-remis (Hohnk) Kohlm.,
Halosphaeriaceae, Microascales, source: Rdm4 et
al. (2014)

Halosphaeria tubulifera Kohlm., Halosphaeriaceae,
Microascales, source: Rdma et al. (2014)

Hapalocystis bicaudata Fuckel, Melanconidaceae,
Diaporthales, source: Nordén et al. (2015b)

Havispora longyearbyenensis K.L. Pang & Vrij-
moed, Halosphaeriaceae, Microascales, source:
Rémd et al. (2014)

Helminthosphaeria clavariarum (Desm.) Sacc.,
Helminthosphaeriaceae, Sordariales, source:
Artskart (2015)

Helminthosphaeria corticiorum Hohn.,
Helminthosphaeriaceae, Sordariales, source:
Jordal & Leessee (2009)

Helminthosphaeria pilifera Réblova, Helmintho-
sphaeriaceae, Sordariales, source: Nordén et al.
(2015b)

Hercospora tiliae (Pers.: Fr.) Tul. & C. Tul,,
Melanconidaceae, Diaporthales, source: Artskart
(2015)

Hilberina caudata (Fuckel) Huhndorf & A.N. Mill,
Incertae sedis, Incertae sedis, source: Artskart
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Humicola alopallonella Meyers & R.T. Moore,
Chaetomiaceae, Sordariales, source: Rdma et al.
(2014)

Hydropisphaera arenula (Berk. & Broome)
Rossman & Samuels, Syn. Nectria arenula (Berk.
& Broome) Berk., Bionectriaceae, Hypocreales,
source: Aarnas (2002)

Hydropisphaera peziza (Tode: Fr.) Dumort., Syn.
Nectria peziza (Tode: Fr.) Fr., Bionectriaceae,
Hypocreales, source: Artskart (2015)

Hypocopra aviaria P. Karst., Xylariaceae, Xylari-
ales, source: Aarnzes (2002)

Hypocopra equorum (Fuckel) G. Winter, Xylari-
aceae, Xylariales, source: Artskart (2015)

Hypocopra leporina (Niessl ex Rehm) J.C. Krug &
N. Lundg. ex Doveri, Xylariaceae, Xylariales,
source: Artskart (2015)

Hypocopra ornithophila Speg., Xylariaceae, Xylari-
ales, source: Artskart (2015)

Hypocreopsis riccioidea (Bolt.: Fr.) P. Karst., Hypo-
creaceae, Hypocreales, Norwegian name:
seljepute, source: Artskart (2015), Aarnaes (2002)

Hypomyces armeniacus Tul. & C. Tul., Hypocre-
aceae, Hypocreales, source: Aarnaes (2002)

Hypomyces aurantius (Pers.: Fr.) Tul. & C. Tul.,
Hypocreaceae, Hypocreales, Norwegian name:
oransje kjukesnylter, source: Artskart (2015),
Aarnzs (2002)

Hypomyces chrysospermus Tul. & C. Tul., Hypo-
creaceae, Hypocreales, Norwegian name: ror-
soppsnylter, source: Artskart (2015), Aarnaes
(2002)

Hypomyces lateritius (Fr.: Fr.) Tul. & C. Tul.,,
Hypocreaceae, Hypocreales, Norwegian name:
blek riskesnylter, source: Artskart (2015), Aarnzes
(2002)

Hypomyces luteovirens (Fr.: Fr.) Tul. & C. Tul,,
Hypocreaceae, Hypocreales, Norwegian name:
gronn kremlesnylter, source: Artskart (2015),
Aarnzs (2002)

Hypomyces microspermus Rogerson & Samuels,
Hypocreaceae, Hypocreales, source: Aarnzes
(2002)

Hypomyces ochraceus (Pers.) Tul. & C. Tul., Hypo-
creaceae, Hypocreales, source: Artskart (2015),
Aamnees (2002)

Hypomyces papulasporae Rogerson & Samuels,
Hypocreaceae, Hypocreales, source: Artskart
(2015), Aarnzes (2002)
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Hypomyces polyporinus Peck, Hypocreaceae, Hypo-
creales, source: Artskart (2015)

Hypomyces porphyreus Rogerson & Mazzer,
Hypocreaceae, Hypocreales, Norwegian name:
redsporesoppsnylter, source: Artskart (2015),
Aarnzs (2002)

Hypomyces rosellus (Alb. & Schwein.: Fr.) Tul. &
C. Tul., Hypocreaceae, Hypocreales, Norwegian
name: sjampinjongsnylter, source: Artskart
(2015), Aarnzes (2002)

Hypomyces semitranslucens G.R.W. Amold,
Hypocreaceae, Hypocreales, source: Aarnzas
(2002)

Hypomyces spadiceus Fr. ex Th. Fr., Hypocreaceae,
Hypocreales, source: Artskart (2015), Aarnaes
(2002)

Hypomyces stephanomatis Rogerson & Samuels,
Hypocreaceae, Hypocreales, source: Artskart
(2015)

Hypospilina bifions (DC.: Fr.) Traverso, Valsaceae,
Diaporthales, source: Aarnaes (2002)

Hypospilina pustula (Pers.: Fr.) M. Monod, Valsa-
ceae, Diaporthales, source: Artskart (2015),
Aarnzs (2002)

Hypoxylon fragiforme (Pers.: Fr.) J. Kickx f., Xylaria-
ceae, Xylariales, Norwegian name: bekekullsopp,
source: Artskart (2015), Aarnaes (2002)

Hypoxylon fuscoides J. Fourn., P. Leroy, M. Stadler
& Roy Anderson, Xylariaceae, Xylariales,
source: Nordén et al. (2015b)

Hypoxylon fuscopurpureum (Schwein.: Fr.) M.A.
Curtis, Xylariaceae, Xylariales, source: Artskart
(2015)

Hypoxylon fuscum (Pers.: Fr.) Fr., Xylariaceae,
Xylariales, Norwegian name: hasselkullsopp,
source: Artskart (2015), Aarnees (2002)

Hypoxylon howeanum Peck, Xylariaceae,
Xylariales, Norwegian name: lundkullsopp,
source: Artskart (2015), Aarnzs (2002)

Hypoxylon laschii Nitschke, Xylariaceae, Xylariales,
source: Artskart (2015), Aarnaes (2002)

Hypoxylon liviae Granmo, Xylariaceae, Xylariales,
source: Artskart (2015)

Hypoxylon macrocarpum Pouzar, Xylariaceae,
Xylariales, source: Artskart (2015)

Hypoxylon macrosporum P. Karst., Xylariaceae,
Xylariales, Norwegian name: stripekullsopp,
source: Artskart (2015), Aarnaes (2002)

Hypoxylon petriniae M. Stadler & J. Fourn.,
Xylariaceae, Xylariales, source: Artskart (2015)
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Hypoxylon porphyreum Granmo, Xylariaceae,
Xylariales, source: Artskart (2015), Aarnaes (2002)

Hypoxylon rubiginosum (Pers.: Fr.) Fr., Xylariaceae,
Xylariales, Norwegian name: kopperkullsopp,
source: Artskart (2015), Aarnees (2002)

Hypoxylon salicicola Granmo, Xylariaceae,
Xylariales, source: Artskart (2015)

Hypoxylon vogesiacum (Curr.) Sacc., Xylariaceae,
Xylariales, Norwegian name: almekullsopp,
source: Artskart (2015), Aarnaes (2002)

Immersiella caudata (Curr.) AN. Mill. & Huhndorf,
Lasiosphaeriaceae, Sordariales, source: Nordén et
al. (2015b)

Immersiella immersa (P. Karst.) AN. Mill. & Huhn-
dorf, Lasiosphaeriaceae, Sordariales, source:
Mathiassen & Granmo (2012)

Isothea rhytismoides (Bab. ex Berk.) Fr., Phylla-
choraceae, Phyllachorales, source: Artskart
(2015), Aarnzes (2002)

Jattaea discreta (Berl.) Réblova, Calosphaeriaceae,
Calosphaeriales, source: Mathiassen & Granmo
(2012)

Klasterskya acuum (Mouton) Petr., Ophiostomata-
ceae, Ophiostomatales, source: Artskart (2015),
Aarnzs (2002)

Kretzschmaria deusta (Hoffm.: Fr.) PM.D. Martin,
Xylariaceae, Xylariales, Norwegian name: kull-
skorpe, source: Artskart (2015), Aarnaes (2002)

Laestadia palustris Fr., Valsaceae, Diaporthales,
source: Artskart (2015)

Lasiosphaeria glabrata (Fr.) Munk, Lasiosphaeri-
aceae, Sordariales, source: Artskart (2015)

Lasiosphaeria lanuginosa (P. Crouan & H. Crouan)
AN. Mill. & Huhndorf, Lasiosphaeriaceae,
Sordariales, source: Artskart (2015)

Lasiosphaeria libertiana Speg. & Roum., Lasio-
sphaeriaceae, Sordariales, source: Aarnaes (2002)

Lasiosphaeria muscicola De Not., Lasiosphaeri-
aceae, Sordariales, source: Artskart (2015)

Lasiosphaeria mycophila (G. Winter) Carroll &
Munk, Lasiosphaeriaceae, Sordariales, source:
Aarnees (2002)

Lasiosphaeria ovina (Pers.: Fr.) Ces. & De Not.,
Lasiosphaeriaceae, Sordariales, source: Artskart
(2015), Aarnzes (2002)

Lasiosphaeria punctata Munk, Lasiosphaeriaceae,
Sordariales, source: Artskart (2015)

Lasiosphaeria rhacodium (Pers.: Fr.) Ces. & De
Not., Lasiosphaeriaceae, Sordariales, source:
Artskart (2015)
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Lasiosphaeria sorbina (Nyl.) P. Karst., Lasio-
sphaeriaceae, Sordariales, source: Mathiassen &
Granmo (2012)

Lasiosphaeria tephrotricha (Fr.) Sacc., Lasio-
sphaeriaceae, Sordariales, source: Aarnaes (2002)

Lasiosphaeriopsis christiansenii Alstrup & D.
Hawksw., Nitschkiaceae, Coronophorales,
source: Aarnas (2002)

Lasiosphaeriopsis stereocaulicola (Linds.) O. E.
Erikss. & R. Sant., Nitschkiaceae, Corono-
phorales, source: Aarnzs (2002)

Lasiosphaeris hirsuta (Alb. & Schwein.: Fr.) A.N.
Mill. & Huhndorf, Lasiosphaeriaceae, Sordari-
ales, source: Artskart (2015), Aarnaes (2002)

Lasiosphaeris hispida (Tode: Fr.) Clem., Lasio-
sphaeriaceae, Sordariales, source: Artskart (2015)

Lentomita hirsutula Bres., Chaetosphaeriaceae,
Chaetosphaeriales, source: Mathiassen & Gran-
mo (2012)

Lentomitella cirrhosa (Pers.: Fr.) Réblova, Bolinia-
ceae, Boliniales, source: Artskart (2015), Aarnaes
(2002)

Lentomitella crinigera (Cooke) Réblova, Bolinia-
ceae, Boliniales, source: Nordén et al. (2015b)

Leucostoma cinctum (Fr.) Hohn., Valsaceae, Dia-
porthales, source: Artskart (2015)

Leucostoma persoonii (Nitschke) Hohn., Syn. Valsa
persoonii Nitschke, Valsaceae, Diaporthales,
source: Aarnzs (2002)

Leucostoma translucens (De Not.) Hohn., Valsa-
ceae, Diaporthales, source: Artskart (2015)

Lichenochora constrictella (Miill. Arg.) Hafellner,
Incertae sedis, Phyllachorales, source: Aarnaes
(2002)

Lindra inflata 1.M. Wilson, Lulworthiaceae,
Lulworthiales, source: Ramé et al. (2014)

Linospora arctica P. Karst., Valsaceae, Diaporthales,
source: Artskart (2015), Aarnas (2002)

Linospora capreae (DC.: Fr.) Fuckel, Valsaceae,
Diaporthales, source: Artskart (2015), Aarnaes
(2002)

Linospora ceuthocarpa (Fr.) Lind, Valsaceae,
Diaporthales, source: Artskart (2015), Aarnaes
(2002)

Linospora salicis-helveticae M. Monod, Valsaceae,
Diaporthales, source: Mathiassen & Granmo
(2012)

Linospora salicis-reticulatae M. Monod, Valsaceae,
Diaporthales, source: Aarnas (2002)
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Linospora sibbaldiae Rostr., Valsaceae, Diaporth-
ales, source: Artskart (2015), Aarnees (2002)
Lopadostoma dryophilum (Nitschke ex G.H. Otth)
Jaklitsch, J. Fourn. & Voglmayr, Xylariaceae,

Xylariales, source: Nordén et al. (2015b)

Lopadostoma gastrinum (Fr.) Traverso, Xylariaceae,
Xylariales, source: Artskart (2015), Aarnaes
(2002)

Lopadostoma pouzarii Granmo & L.E. Petrini,
Xylariaceae, Xylariales, source: Artskart (2015)

Lopadostoma turgidum (Pers.: Fr.) Traverso,
Xylariaceae, Xylariales, source: Artskart (2015),
Aarnzs (2002)

Lulwoana uniseptata (Nakagiri) Kohlm., Volkm.-
Kohlm., J. Campb., Spatafora & Grifenhan,
Lulworthiaceae, Lulworthiales, source: Rdma et
al. (2014)

Lulworthia floridana Meyers, Lulworthiaceae,
Lulworthiales, source: Rdma et al. (2014)

Lulworthia halima (Diehl & Mounce) Cribb & J.W.
Cribb, Lulworthiaceae, Lulworthiales, source:
Ramad et al. (2014)

Lulworthia maritima (Sacc.) Cribb & J.W. Cribb,
Lulworthiaceae, Lulworthiales, source: Aarnaes
(2002)

Lulworthia purpurea (.M. Wilson) T.W. Johnson,
Lulworthiaceae, Lulworthiales, source: Rdma et
al. (2014)

Mamianiella coryli (Batsch: Fr.) Hohn., Valsaceae,
Diaporthales, source: Artskart (2015), Aarnas
(2002)

Mazzantia galii (Guep.: Fr.) Mont., Valsaceae,
Diaporthales, source: Artskart (2015), Aarnas
(2002)

Melanamphora spinifera (Walr.) Lafl., Syn. Melan-
amphora spiniferum (Walr.) Lafl., Melanconi-
daceae, Diaporthales, source: Aarnaes (2002)

Melanconiella flavovirens (G.H. Otth) Voglmayr &
Jaklitsch, Melanconidaceae, Diaporthales,
source: Nordén et al. (2015b)

Melanconis alni Tul. & C. Tul., Melanconidaceae,
Diaporthales, source: Artskart (2015)

Melanconis fennica P. Karst., Melanconidaceae,
Diaporthales, source: Artskart (2015), Aarnaes
(2002)

Melanconis stilbostoma (Fr.: Fr.) Tul. & C. Tul.,
Melanconidaceae, Diaporthales, source: Artskart
(2015), Aarnzs (2002)

Melanconium betulinum Schumach. & Kunze,
Melanconidaceae, Diaporthales, source: Artskart
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(2015)

Melanopsamma pomiformis (Pers.: Fr.) Sacc., Nies-
sliaceae, Hypocreales, source: Artskart (2015),
Aarnas (2002)

Melanospora aculeata E.C. Hansen, Ceratostoma-
taceae, Hypocreales, source: Artskart (2015),
Aarnas (2002)

Melanospora brevirostris (Fuckel) Hohn., Cerato-
stomataceae, Hypocreales, Norwegian name:
sandbegersnylter, source: Artskart (2015),
Aarngs (2002)

Melanospora chionea (Fr.: Fr.) Corda, Ceratosto-
mataceae, Hypocreales, source: Artskart (2015),
Aarnzs (2002)

Melanospora lagenaria (Pers.: Fr.) Fuckel, Cerato-
stomataceae, Hypocreales, source: Artskart
(2015), Aarnaes (2002)

Melanospora leucotricha Corda, Ceratostomata-
ceae, Hypocreales, source: Artskart (2015)

Melanospora phaseoli Roll-Hansen, Ceratosto-
mataceae, Hypocreales, source: Artskart (2015),
Aarnzs (2002)

Melanospora zamiae Corda, Ceratostomataceae,
Hypocreales, source: Artskart (2015)

Melogramma aesculinum G.H. Otth., Melanconi-
daceae, Diaporthales, source: Artskart (2015),
Aarnas (2002)

Melomastia mastoidea (Fr.: Fr.) J. Schrét., Incertae
sedis, Xylariales, source: Artskart (2015), Aarnaes
(2002)

Microascus trigonosporus C.W. Emmons & B.O.
Dodge, Microascaceae, Microascales, source:
Artskart (2015)

Monographella nivalis (Schaftfnit) E. Miill., Amphi-
sphaeriaceae, Xylariales, source: Artskart (2015),
Aarngas (2002)

Mycogone rosea Link, Hypocreaceae, Hypocreales,
source: Artskart (2015)

Nais inornata Kohlm., Halosphaeriaceae, Micro-
ascales, source: Rédmd et al. (2014)

Natantiella ligneola (Berk. & Broome) Réblova,
Calosphaeriaceae, Calosphaeriales, source:
Nordén et al. (2015b)

Nectria aurantiaca (Tul. & C. Tul.) Jacz., Nectria-
ceae, Hypocreales, source: Artskart (2015)

Nectria cinnabarina (Tode: Fr.) Fr., Nectriaceae,
Hypocreales, Norwegian name: redvorte, source:
Artskart (2015), Aarnaes (2002)

Nectria citrina Fr., Nectriaceae, Hypocreales,
source: Aarnas (2002)
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Nectria coryli Fuckel, Nectriaceae, Hypocreales,
source: Artskart (2015), Aarnaes (2002)

Nectria cucurbitula (Tode: Fr.) Fr., Nectriaceae,
Hypocreales, source: Artskart (2015), Aarnzes
(2002)

Nectria dematiosa (Schwein.) Berk., Nectriaceae,
Hypocreales, source: Artskart (2015)

Nectria lamyi (Desm.) De Not., Nectriaceae, Hypo-
creales, source: Aarnaes (2002)

Nectria modesta Hohn., Nectriaceae, Hypocreales,
source: Artskart (2015)

Nectria nigrescens Cooke, Nectriaceae, Hypocre-
ales, source: Nordén et al. (2015b)

Nectriella chrysites (Westend.) Sacc., Bionectria-
ceae, Hypocreales, source: Artskart (2015),
Aarnzs (2002)

Nectriella laminariae O.E. Erikss., Bionectriaceae,
Hypocreales, source: Artskart (2015), Aarnaes
(2002)

Nectriella silenes-acaulis Nograsek, Bionectriaceae,
Hypocreales, source: Aarnaes (2002)

Nectriopsis lecanodes (Ces.) Diederich & Schroers,
Bionectriaceae, Hypocreales, source: Artskart
(2015)

Nectriopsis mindoénsis (Petr.) Samuels, Bionectria-
ceae, Hypocreales, source: Aarnaes (2002)

Nectriopsis violacea (J.C. Schmidt: Fr.) Maire,
Bionectriaceae, Hypocreales, source: Aarnas
(2002)

Nemania aenea (Nitschke) Pouzar, Xylariaceae,
Xylariales, source: Artskart (2015)

Nemania atropurpurea (Fr.: Fr.) Pouzar, Xylaria-
ceae, Xylariales, source: Artskart (2015), Aarnaes
(2002)

Nemania aureolutea (L.E. Petrini & J.D. Rogers)
Granmo, Xylariaceae, Xylariales, source: Arts-
kart (2015)

Nemania colliculosa (Schwein.: Fr.) Granmo,
Xylariaceae, Xylariales, source: Artskart (2015)

Nemania confluens (Tode: Fr.) Laessoe & Spooner,
Xylariaceae, Xylariales, Norwegian name:
eikekullsopp, source: Artskart (2015), Aarnaes
(2002)

Nemania effusa (Nitschke) Pouzar, Xylariaceae,
Xylariales, source: Artskart (2015), Aarnaes
(2002)

Nemania maritima YM. Ju & J.D. Rogers, Xylaria-
ceae, Xylariales, source: Nordén et al. (2015b)

Nemania prava Granmo, Lassee & T. Schumach.,
Xylariaceae, Xylariales, source: Artskart (2015)
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Nemania reticulata (P. Karst.) Granmo, Xylariaceae,
Xylariales, source: Artskart (2015), Aarnees
(2002)

Nemania serpens (Pers.: Fr.) Gray, Xylariaceae,
Xylariales, Norwegian name: ospekullsopp,
source: Artskart (2015), Aarnaes (2002)

Neobarya parasitica (Fuckel) Lowen, Clavicipi-
taceae, Hypocreales, source: Artskart (2015),
Aarnzs (2002)

Neonectria coccinea (Pers.: Fr.) Rossman & Samu-
els, Nectriaceae, Hypocreales, Norwegian name:
falsk lavtrekreft, source: Artskart (2015), Aarnaes
(2002)

Neonectria ditissima (Tul. & C. Tul.) Samuels &
Rossman, Syn. Nectria ditissima Tul. & C. Tul.,
Nectriaceae, Hypocreales, Norwegian name:
rakletrekreft, source: Artskart (2015)

Neonectria fuckeliana (C. Booth) Castl. & Ross-
man, Nectriaceae, Hypocreales, Norwegian
name: rad bartrekreft, source: Artskart (2015)

Neonectria galligena (Bres.) Rossman & Samuels,
Nectriaceae, Hypocreales, Norwegian name:
frukttrekreft, source: Artskart (2015)

Neonectria neomacrospora (C. Booth & Samuels)
Mantiri & Samuels, Syn. Nectria neomacrospora
C.Booth & Samuels, Nectriaceae, Hypocreales,
source: Aarnas (2002)

Neonectria punicea (J.C. Schmidt) Castl. & Ross-
man, Syn. Nectria punicea (J.C. Schmidt: Fr.) Fr.,
Nectriaceae, Hypocreales, source: Artskart
(2015)

Niesslia exilis (Alb. & Schwein.: Fr.) G. Winter,
Niessliaceae, Hypocreales, source: Artskart
(2015)

Niesslia exosporioides (Desm.) G. Winter, Niesslia-
ceae, Hypocreales, source: Artskart (2015),
Aarnzs (2002)

Niesslia haglundii Starback, Niessliaceae, Hypocre-
ales, source: Aamees (2002)

Nitschkia brevispina (Munk) Nannf., Nitschkiaceae,
Coronophorales, source: Artskart (2015), Aarnaes
(2002)

Nitschkia collapsa (Romell) Chenant., Nitschkia-
ceae, Coronophorales, source: Artskart (2015)

Nitschkia cupularis (Pers.: Fr.) P. Karst., Nitschkia-
ceae, Coronophorales, source: Aarnzs (2002)

Nitschkia grevillei (Rehm) Nannf., Nitschkiaceae,
Coronophorales, source: Artskart (2015), Aarnaes
(2002)
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Nitschkia parasitans (Schwein.) Nannf., Nitschkia-
ceae, Coronophorales, source: Artskart (2015),
Aarnzas (2002)

Obolarina dryophila (Tul. & C. Tul.) Pouzar,
Xylariaceae, Xylariales, source: Nordén (2014)

Ophiocordyceps entomorrhiza (Dicks.) G.H. Sung,
J.M. Sung, Hywel-Jones & Spatafora,
Ophiocordycipitaceae, Hypocreales, Norwegian
name: gra ameklubbe, source: Artskart (2015)

Ophiocordyceps gracilis (Grev.) G.H. Sung, J.M.
Sung, Hywel-Jones & Spatafora, Ophiocordy-
cipitaceae, Hypocreales, Norwegian name:
varameklubbe, source: Artskart (2015)

Ophiocordyceps myrmecophila (Ces.) G.H. Sung,
JM. Sung, Hywel-Jones & Spatafora, Ophio-
cordycipitaceae, Hypocreales, Norwegian name:
maurklubbe, source: Artskart (2015), Aarnaes
(2002)

Ophiognomonia alni-viridis (Podl. & Svrcek)
Sogonov, Syn. Gnomonia alni-viridis Podl. &
Svrcek, Gnomoniaceae, Diaporthales, source:
Artskart (2015)

Ophiognomonia padicola (Lib.) M. Monod, Syn.
Gnomonia padicola (Lib.) Kleb., Valsaceae,
Diaporthales, source: Artskart (2015)

Ophiognomonia rosae (Fuckel) Kirschst., Valsaceae,
Diaporthales, source: Mathiassen & Granmo
(2012)

Ophiognomonia setacea (Pers.: Fr.) Sogonov,
Valsaceae, Diaporthales, source: Artskart (2015),
Aamees (2002)

Ophiostoma ainoae H. Solheim, Ophiostomataceae,
Ophiostomatales, source: Aarnes (2002)

Ophiostoma bicolor R.W. Davidson & D.E. Wells,
Ophiostomataceae, Ophiostomatales, source:
Artskart (2015)

Ophiostoma canum (Miinch) Syd. & P. Syd.,
Ophiostomataceae, Ophiostomatales, source:
Artskart (2015)

Ophiostoma clavatum Mathiesen, Ophiostomata-
ceae, Ophiostomatales, source: Artskart (2015)

Ophiostoma flexuosum H. Solheim, Ophiosto-
mataceae, Ophiostomatales, source: Aarnas
(2002)

Ophiostoma ips (Rumbold) Nannf., Ophiostoma-
taceae, Ophiostomatales, source: Artskart (2015)

Ophiostoma minus (Hedgc.) Syd. & P. Syd., Ophio-
stomataceae, Ophiostomatales, source: Artskart
(2015)
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Ophiostoma novo-ulmi Brasier, Ophiostomataceae,
Ophiostomatales, Norwegian name: almesyke-
sopp, source: Aarnaes (2002)

Ophiostoma penicillatum, Ophiostomataceae,
Ophiostomatales, source: Artskart (2015)

Ophiostoma piceae (Miinch) Syd. & P. Syd., Ophio-
stomataceae, Ophiostomatales, source: Artskart
(2015), Aarnzes (2002)

Ophiostoma polonicum Siemaszko, Syn. Cerato-
cystis polonica (Siemaszko) C. Moreau, Ophio-
stomataceae, Ophiostomatales, source: Artskart
(2015)

Ophiostoma polyporicola Constant. & Ryman,
Ophiostomataceae, Ophiostomatales, source:
Artskart (2015)

Ophiostoma stenoceras (Robak) Nannf., Ophio-
stomataceae, Ophiostomatales, source: Aarnas
(2002)

Ophiostoma tetropii Mathiesen, Ophiostomataceae,
Ophiostomatales, source: Aamnees (2002)

Ophiostoma ulmi (Buisman) Nannf., Ophiostoma-
taceae, Ophiostomatales, source: Artskart (2015),
Aarnas (2002)

Orphnodactylis wittrockii (Erikss.) Malloch &
Mallik, Syn. Phylleutypa wittrockii (J.Erikss.)
Petr., Phyllachoraceae, Phyllachorales, source:
Aarnas (2002)

Paranectria affinis (Grev.) Sacc., Bionectriaceae,
Hypocreales, source: Aarnaes (2002)

Peristomialis marchantiae (Sommerf.) Boud.,
Bionectriaceae, Hypocreales, source: Aarnaes
(2002)

Peroneutypa corniculata (Ehrh.) Berl., Diatryp-
aceae, Xylariales, source: Artskart (2015),
Aarnas (2002)

Peroneutypa scoparia (Schwein.: Fr.) Carmaran &
A.1. Romero, Diatrypaceae, Xylariales, source:
Artskart (2015)

Phomatospora arenaria Sacc. & E. Bommer,
Incertae sedis, M. Rousseau, Xylariales, source:
Aarnzs (2002)

Phomatospora berkeleyi Sacc., Incertae sedis,
Xylariales, source: Artskart (2015), Aarnzes
(2002)

Phomatospora dinemasporium J. Webster, Incertae
sedis, Xylariales, source: Artskart (2015), Aarnas
(2002)

Phomatospora helvetica H. Wegelin, Incertae sedis,
Xylariales, source: Nordén et al. (2015b)
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Phomatospora hyalina (Griffiths) Cain, Incertae
sedis, Xylariales, source: Artskart (2015)

Phycomelaina laminariae (Rostr.) Kohlm., Phylla-
choraceae, Phyllachorales, source: Rdma4 et al.
(2014)

Phyllachora angelicae (Fr.) Fuckel, Phyllachora-
ceae, Phyllachorales, source: Artskart (2015),
Aarnzs (2002)

Phyllachora bromi Fuckel, Phyllachoraceae, Phylla-
chorales, source: Aarnzs (2002)

Phyllachora graminis (Pers.: Fr.) Nitschke, Phylla-
choraceae, Phyllachorales, source: Artskart
(2015), Aarnzes (2002)

Phyllachora junci (Alb. & Schwein.: Fr.) Fuckel,
Phyllachoraceae, Phyllachorales, source: Artskart
(2015), Aarnzs (2002)

Phyllachora lineola (Schwein.) Sacc., Phyllachora-
ceae, Phyllachorales, source: Aarnaes (2002)

Phyllachora sylvatica Sacc. & Speg., Phyllachora-
ceae, Phyllachorales, source: Artskart (2015),
Aarnzs (2002)

Physalospora alpestris Niessl, Hyponectriaceae,
Xylariales, source: Artskart (2015), Aarnaes
(2002)

Physalospora arctostaphyli B. Erikss., Hyponectria-
ceae, Xylariales, source: Aarnas (2002)

Physalospora empetri Rostr., Hyponectriaceae,
Xylariales, source: Artskart (2015), Aarnaes
(2002)

Physalospora galii Rostr., Hyponectriaceae, Xylari-
ales, source: Artskart (2015), Aarnees (2002)

Physalospora hyperborea Baumler, Hyponectria-
ceae, Xylariales, source: Artskart (2015), Aarnaes
(2002)

Plagiosphaera immersa (Trail) Petr., Incertae sedis,
Sordariales, source: Aarnaes (2002)

Plagiostoma campylostyla (Auersw.) M.E. Barr,
Syn. Gnomonia campylostyla Auersw., Valsa-
ceae, Diaporthales, source: Artskart (2015)

Pleonectria ribis (Niessl) P. Karst., Nectriaceae,
Hypocreales, source: Artskart (2015), Aarnaes
(2002)

Pleuroceras helveticum (Rehm) M.E. Barr, Valsa-
ceae, Diaporthales, source: Artskart (2015),
Aarnzs (2002)

Pleuroceras insulare Johanson, Valsaceae, Dia-
porthales, source: Aarnas (2002)

Pleuroceras pleurostylum (Auersw.) M.E. Barr,
Valsaceae, Diaporthales, source: Aamees (2002)
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Podospora appendiculata (Auersw. ex Niessl)
Niessl, Lasiosphaeriaceae, Sordariales, source:
Artskart (2015), Aarnaes (2002)

Podospora communis (Speg.) Niessl, Lasiosphaeri-
aceae, Sordariales, source: Artskart (2015),
Aarnzs (2002)

Podospora curvicolla (G. Winter) Niessl, Lasio-
sphaeriaceae, Sordariales, source: Artskart (2015)

Podospora decipiens (G. Winter ex Fuckel) Niessl,
Lasiosphaeriaceae, Sordariales, source: Artskart
(2015), Aarnzes (2002)

Podospora fimicola Ces. ex Mussat, Lasiosphaer-
iaceae, Sordariales, source: Artskart (2015),
Aarnzs (2002)

Podospora kansensis (Griffiths) Cain, Lasiosphaeri-
aceae, Sordariales, source: Artskart (2015)

Podospora myriospora (P. Crouan & H. Crouan)
Niessl, Lasiosphaeriaceae, Sordariales, source:
Artskart (2015), Aarnaes (2002)

Podospora pauciseta (Ces.) Traverso, Lasiosphaeri-
aceae, Sordariales, source: Aarnaes (2002)

Podospora perplexans (Cain) Cain, Lasiosphaeri-
aceae, Sordariales, source: Artskart (2015)

Podospora pleiospora (G. Winter) Niessl, Lasio-
sphaeriaceae, Sordariales, source: Artskart (2015)

Podospora pyriformis (A. Bayer) Cain, Lasio-
sphaeriaceae, Sordariales, source: Artskart
(2015), Aarnzes (2002)

Podospora setosa (G. Winter) Niessl, Lasiosphaeri-
aceae, Sordariales, source: Aarnas (2002)

Polystigma fulvum DC.: Fr., Phyllachoraceae,
Phyllachorales, source: Artskart (2015), Aarnaes
(2002)

Polystigma rubrum (Pers.: Fr.) DC., Phyllachor-
aceae, Phyllachorales, source: Artskart (2015),
Aarngas (2002)

Poronia punctata (L.: Fr.) Fr., Xylariaceae,
Xylariales, Norwegian name: knappsopp, source:
Artskart (2015), Aarnaes (2002)

Pronectria ornamentata (D. Hawksw.) Lowen,
Bionectriaceae, Hypocreales, source: Aarnaes
(2002)

Pronectria robergei (Mont. & Desm.) Lowen, Bio-
nectriaceae, Hypocreales, source: Aarnees (2002)

Prosthecium appendiculatum (G.H. Otth) M.E. Barr,
Incertae sedis, Diaporthales, source: Aarnaes
(2002)

Prosthecium auctum (Berk. & Broome) Petr.,
Incertae sedis, Diaporthales, source: Artskart
(2015), Aarnzes (2002)
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Protocrea delicatula (Tul. & C. Tul.) Petch, Hypo-
creaceae, Hypocreales, source: Artskart (2015),
Aarnzas (2002)

Protocrea farinosa (Berk. & Broome) Petch, Hypo-
creaceae, Hypocreales, source: Artskart (2015)

Protocrea pallida (Ellis & Everh.) Jaklitsch, K. Pold-
maa & Samuels, Hypocreaceae, Hypocreales,
source: Nordén et al. (2015b)

Pseudallescheria boydii (Shear) McGinnis, A.A.
Padhye & Ajello, Microascaceae, Microascales,
source: Aarnas (2002)

Pseudomassaria inconspicua (Johanson) M.E. Barr,
Hyponectriaceae, Xylariales, source: Artskart
(2015), Aarnzes (2002)

Pseudomassaria islandica (Johanson) M.E. Barr,
Hyponectriaceae, Xylariales, source: Aarnas
(2002)

Pseudomassaria lycopodina (P. Karst.) Arx, Hypo-
nectriaceae, Xylariales, source: Artskart (2015)

Pseudomassaria minor (M.E. Barr) M.E. Barr,
Hyponectriaceae, Xylariales, source: Aarnas
(2002)

Pseudomassaria vaccinii Dennis, Hyponectriaceae,
Xylariales, source: Mathiassen & Granmo (2012)

Pseudonectria buxi Seifert, Grafenhan & Schroers,
Syn. Pseudonectria rousseliana (Mont.) Wollenw.,
Nectriaceae, Hypocreales, source: Aarnaes (2002)

Pseudovalsa lanciformis (Fr.: Fr.) Ces. & De Not.,
Pseudovalsaceae, Diaporthales, source: Artskart
(2015), Aarnzes (2002)

Pseudovalsa umbonata (Tul. & C. Tul.) Sacc.,
Pseudovalsaceae, Diaporthales, source: Nordén et
al. (2015b)

Pseudovalsaria ferruginea (Nitschke) Rappaz,
Clypeosphaeriaceae, Xylariales, source: Artskart
(2015), Aarnzes (2002)

Pseudovalsella thelebola (Fr.: Fr.) Sacc., Melanconi-
daceae, Diaporthales, source: Artskart (2015),
Aamees (2002)

Quaternaria dissepta (Fr.: Fr.) Tul. & C. Tul., Syn.
Eutypella dissepta (Fr.: Fr.) Rappaz, Diatrypa-
ceae, Xylariales, source: Nordén et al. (2015b)

Quaternaria quaternata (Pers.: Fr.) J. Schrot.,
Diatrypaceae, Xylariales, source: Artskart (2015),
Aarnzs (2002)

Reconditella physconiarum Matzer & Hafellner,
Incertae sedis, Sordariales, source: Aarnas
(2002)

Remispora maritima Linder, Halosphaeriaceae,
Microascales, source: Rdmad et al. (2014)
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Remispora spitsbergensis K.L. Pang & Vrijmoed,
Halosphaeriaceae, Microascales, source: Rdma4 et
al. (2014)

Remispora stellata Kohlm., Halosphaeriaceae,
Microascales, source: Rdmad et al. (2014)

Rhagadostoma lichenicola (De Not.) Keissl.,
Nitschkiaceae, Coronophorales, source: Aarnaes
(2002)

Rhamphoria pyriformis (Pers.: Fr.) Hohn., Annu-
latascaceae, Incertae sedis, source: Artskart
(2015)

Rosellinia abscondita Rehm, Xylariaceae, Xylari-
ales, source: Artskart (2015), Aarnaes (2002)

Rosellinia aquila (Fr.: Fr.) De Not., Xylariaceae,
Xylariales, source: Artskart (2015), Aarnzes
(2002)

Rosellinia britannica L.E. Petrini, Petrini & S.M.
Francis, Xylariaceae, Xylariales, source: Artskart
(2015)

Rosellinia helvetica L.E. Petrini, Petrini & S.M.
Francis, Xylariaceae, Xylariales, source: Nordén
etal. (2015b)

Rosellinia mammiformis (Pers.: Fr.) Ces. & De Not.,
Xylariaceae, Xylariales, source: Artskart (2015),
Aarnzs (2002)

Rosellinia marcucciana Ces., Xylariaceae, Xylari-
ales, source: Nordén et al. (2015b)

Rosellinia mycophila (Fr.: Fr.) Sacc., Xylariaceae,
Xylariales, source: Artskart (2015), Aarnzes
(2002)

Rosellinia nectrioides Rehm, Xylariaceae, Xylari-
ales, source: Artskart (2015), Aarnzaes (2002)

Rosellinia subsimilis P. Karst. & Starback, Xylari-
aceae, Xylariales, source: Artskart (2015),
Aarnas (2002)

Rosellinia thelena (Fr.: Fr.) Rabenh., Xylariaceae,
Xylariales, source: Artskart (2015), Aarnzes
(2002)

Roselliniopsis groedensis (Zopf) Matzer & Hafel-
Iner, Incertae sedis, Sordariales, source: Aarnzas
(2002)

Ruzenia spermoides (Hoffm.: Fr.) O. Hilber ex A.N.
Mill. & Huhndorf, Lasiosphaeriaceae, Sordari-
ales, source: Artskart (2015)

Sablicola chinensis E.B.G. Jones, K.L. Pang &
Vrijmoed, Halosphaeriaceae, Microascales,
source: Ramd et al. (2014)

Saccardoélla kanderana Math., Incertae sedis,
Incertae sedis, source: Mathiassen (1993)
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Schizothecium aloides (Fuckel) N. Lundg., Lasio-
sphaeriaceae, Sordariales, source: Artskart (2015)

Schizothecium conicum (Fuckel) N. Lundgq.,
Lasiosphaeriaceae, Sordariales, source: Artskart
(2015), Aarnzes (2002)

Schizothecium dakotense (Griffiths) N. Lundgq.,
Lasiosphaeriaceae, Sordariales, source: Aarnzs
(2002)

Schizothecium dubium (E.C. Hansen) N. Lundg.,
Lasiosphaeriaceae, Sordariales, source: Aarnas
(2002)

Schizothecium fimicola Corda, Lasiosphaeriaceae,
Sordariales, source: Artskart (2015), Aarnaes
(2002)

Schizothecium hispidulum (Speg.) N. Lundq.,
Lasiosphaeriaceae, Sordariales, source: Artskart
(2015)

Schizothecium miniglutinans (J.H. Mirza & Cain) N.

Lundq., Lasiosphaeriaceae, Sordariales, source:
Aarnees (2002)

Schizothecium pilosum (Mouton) N. Lundg., Lasio-
sphaeriaceae, Sordariales, source: Artskart
(2015), Aarnaes (2002)

Schizothecium tetrasporum (G. Winter) N. Lundg.,
Lasiosphaeriaceae, Sordariales, source: Artskart
(2015), Aarnzes (2002)

Schizothecium vesticola (Berk. & Broome) N.
Lundq., Lasiosphaeriaceae, Sordariales, source:
Artskart (2015), Aarnaes (2002)

Scopinella caulincola (Fuckel) Malloch, Incertae
sedis, Sordariales, source: Mathiassen & Granmo
(2012)

Sillia ferruginea (Pers.: Fr.) P. Karst., Valsaceae,
Diaporthales, source: Artskart (2015), Aarnaes
(2002)

Sordaria baltica N. Lundq., Sordariaceae, Sordari-
ales, source: Artskart (2015), Aarnees (2002)

Sordaria fimicola (Roberge ex Desm.) Ces. & De
Not., Sordariaceae, Sordariales, source: Artskart
(2015), Aarnzs (2002)

Sordaria humana (Fuckel) G. Winter, Sordariaceae,
Sordariales, source: Aarnaes (2002)

Sordaria macrospora Auersw., Sordariaceae, Sor-
dariales, source: Artskart (2015), Aarnzes (2002)

Sordaria superba De Not., Sordariaceae, Sordari-
ales, source: Artskart (2015), Aarnas (2002)

Sphaerodes fimicola (E.C. Hansen) P.F. Cannon &
D. Hawksw., Ceratostomataceae, Hypocreales,
source: Artskart (2015)

70

Sphaeronaemella helvellae (P. Karst.) P. Karst.,
Incertae sedis, Microascales, source: Aarnas
(2002)

Sphaerostilbella aureonitens (Tul. & C. Tul.) Seifert,
Samuels & W. Gams, Hypocreaceae, Hypocre-
ales, source: Artskart (2015)

Sphaerostilbella berkeleyana (Plowr. & Cooke)
Samuels & Cand., Hypocreaceae, Hypocreales,
source: Nordén et al. (2015b)

Stegonsporium pyriforme (Hoffm.: Fr.) Corda, Syn.
Prosthecium pyriforme Jaklitsch & Voglmayr,
Incertae sedis, Diaporthales, source: Nordén et al.
(2015b)

Stigmatula astragali (Lasch) P.F. Cannon, Phylla-
choraceae, Phyllachorales, source: Artskart
(2015), Aarnzes (2002)

Strattonia borealis N. Lundq., Lasiosphaeriaceae,
Sordariales, source: Aarnaes (2002)

Strattonia carbonaria (W. Phillips & Plowr.) N.
Lundq., Lasiosphaeriaceae, Sordariales, source:
Artskart (2015)

Stylonectria norvegica Lechat, J. Fourn. & Nordén,
Nectriaceae, Hypocreales, source: Lechat et al.
(2015)

Stylonectria purtonii (Grev.) Grifenhan, Syn.
Cosmospora purtonii (Grev.) Rossman &
Samuels, Nectriaceae, Hypocreales, source:
Aarngas (2002)

Sydowiella ambigua (Mouton) Munk, Melanconi-
daceae, Diaporthales, source: Artskart (2015)

Sydowiella depressula (P. Karst.) M.E. Barr,
Melanconidaceae, Diaporthales, source: Artskart
(2015), Aarnaes (2002)

Sydowiella dryadis LarN. Vassiljeva,
Melanconidaceae, Diaporthales, source: Artskart
(2015), Aarnzes (2002)

Sydowiella fenestrans (Duby) Petr., Melanconi-
daceae, Diaporthales, source: Artskart (2015),
Aarnas (2002)

Telimenella gangraena (Fr.) Petr., Phyllachoraceae,
Phyllachorales, source: Artskart (2015), Aarnaes
(2002)

Thelonectria discophora (Mont.) P. Chaverri & C.
Salgado, Nectriaceae, Hypocreales, source:
Nordén et al. (2015b)

Thielavia basicola Zopf, Chaetomiaceae, Sordari-
ales, source: Artskart (2015), Aarnaes (2002)

Thielaviopsis basicola (Berk. & Broome) Ferraris,
Ceratocystidaceae, Microascales, source: Artskart
(2015)
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Thyridium vestitum (Fr.: Fr.) Fuckel, Thyridiaceae,
Incertae sedis, source: Artskart (2015)

Thyronectria berolinensis (Sacc.) Seaver, Incertae
sedis, Incertae sedis, source: Artskart (2015)

Thyronectria cucurbitula (Tode) Jaklitsch & Vogl-
mayr, Syn. Zythiostroma pinastri (P. Karst.)
Hohn., Nectriaceae, Hypocreales, source:
Artskart (2015)

Thyronectria lamyi (Desm.) Seeler, Syn. Nectria
lamyi (Desm.) De Not., Incertae sedis, Incertae
sedis, source: Aarnzas (2002)

Togninia vibratilis (Fr.) Réblova & L. Mostert,
Togniniaceae, Diaporthales, source: Aarnzes (2002)

Torpedospora ambispinosa Kohlm., Torpedo-
sporaceae, Incertae sedis, source: Rim4 et al.
(2014)

Trichoderma aerugineum Jaklitsch, Hypocreaceae,
Hypocreales, source: Artskart (2015)

Trichoderma alutaceum Jaklitsch, Syn. Hypocrea
alutacea (Pers.: Fr.) Tul. & C. Tul., Hypocrea-
ceae, Hypocreales, Norwegian name: kjerne-
klubbe, source: Artskart (2015)

Trichoderma citrinoviride Bissett, Hypocreaceae,
Hypocreales, source: Rédma et al. (2014)

Trichoderma citrinum (Pers.) Jaklitsch, W. Gams &
Voglmayr, Syn. Hypocrea citrina (Pers.: Fr.) Fr.,
Hypocreaceae, Hypocreales, Norwegian name:
gul putesopp, source: Artskart (2015)

Trichoderma crystalligenum Jaklitsch, Syn.
Hypocrea crystalligena Jaklitsch, Hypocreaceae,
Hypocreales, source: Artskart (2015)

Trichoderma danicum (Jaklitsch) Jaklitsch &
Voglmayr, Syn. Hypocrea danica Jaklitsch,
Hypocreaceae, Hypocreales, source: Artskart
(2015)

Trichoderma europaeum Jaklitsch & Voglmayr,
Hypocreaceae, Hypocreales, source: Nordén et
al. (2015b)

Trichoderma leucopus Jaklitsch, Syn. Hypocrea
leucopus (P. Karst.) H. Chamb., Hypocreaceae,
Hypocreales, source: Artskart (2015)

Trichoderma moravicum Jaklitsch, Hypocreaceae,
Hypocreales, source: Nordén et al. (2015b)

Trichoderma nybergianum (T. Ulvinen & H. Cham-
berlain) Jaklitsch & Voglmayr, Syn. Hypocrea
nybergiana T. Ulvinen & H. Chamb., Hypocrea-
ceae, Hypocreales, source: Artskart (2015)

Trichoderma pulvinatum (Fuckel) Jaklitsch & Vogl-
mayr, Syn. Hypocrea pulvinata Fuckel, Hypo-
creaceae, Hypocreales, Norwegian name: kjuke-
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putesopp, source: Artskart (2015)

Trichoderma seppoi Jaklitsch, Syn. Hypocrea seppoi
Jaklitsch, Hypocreaceae, Hypocreales, source:
Artskart (2015)

Trichoderma silvae-virgineae Jaklitsch, Hypocreaceae,
Hypocreales, source: Nordén et al. (2015b)

Trichoderma spinulosum (Fuckel) Jaklitsch & Vogl-
mayr, Mycotaxon 126: 153. 2013., Syn. Creopus
spinulosus (Fuckel) Moravec, Hypocreaceae,
Hypocreales, source: Artskart (2015)

Trichoderma strictipile Bissett, Hypocreaceae,
Hypocreales, source: Nordén et al. (2015b)

Trichoderma viride Pers., Syn. Hypocrea rufa (Pers.:
Fr.) Fr., Hypocreaceae, Hypocreales, Norwegian
name: brun putesopp, source: Artskart (2015)

Trichonectria rubefaciens (Ellis & Everh.) Diede-
rich & Schroers, Bionectriaceae, Hypocreales,
source: Nordén et al. (2015b)

Trichosphaerella decipiens E. Bommer, M. Rous-
seau & Sacc., Niessliaceae, Hypocreales, source:
Nordén et al. (2015b)

Trichosphaeria melanostigmoides (Feltgen) Munk,
Trichosphaeriaceae, Trichosphaeriales, source:
Artskart (2015)

Trichosphaeria notabilis Mouton, Trichosphaeri-
aceae, Trichosphaeriales, source: Artskart (2015)

Umbrinosphaeria caesariata (Clinton & Peck)
Réblova, Chaetosphaeriaceae, Chaetosphaeriales,
source: Artskart (2015)

Valsa abietis (Fr.: Fr.) Fr., Valsaceae, Diaporthales,
source: Artskart (2015), Aarnaes (2002)

Valsa ambiens (Pers.: Fr.) Fr., Valsaceae, Diaporthales,
source: Artskart (2015), Aarnees (2002)

Valsa auerswaldii Nitschke, Valsaceae, Diaporth-
ales, source: Artskart (2015), Aarnaes (2002)

Valsa boreella P. Karst., Valsaceae, Diaporthales,
source: Aarnzs (2002)

Valsa ceratophora Tul. & C. Tul., Valsaceae, Dia-
porthales, source: Artskart (2015), Aarnaes (2002)

Valsa ceratosperma (Tode: Fr.) Maire, Valsaceae,
Diaporthales, source: Aarnaes (2002)

Valsa coronata (Hoftm.: Fr.) Fr., Syn. Valsa cerato-
sperma (Tode: Fr.) Maire, Valsaceae, Diapor-
thales, source: Artskart (2015)

Valsa cristata Nitschke, Valsaceae, Diaporthales,
source: Artskart (2015), Aarnzs (2002)

Valsa dolosa (Fr.) Nitschke, Valsaceae, Diaporthales,
source: Aarnzs (2002)
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Valsa dubyi Nitschke, Valsaceae, Diaporthales,
source: Artskart (2015), Aarnaes (2002)

Valsa excipienda P. Karst., Valsaceae, Diaporthales,
source: Artskart (2015), Aarnees (2002)

Valsa germanica Nitschke, Valsaceae, Diaporthales,
source: Artskart (2015)

Valsa leucostoma (Pers.: Fr.) Fr., Valsaceae, Diapor-
thales, source: Artskart (2015), Aarnaes (2002)
Valsa massariana De Not., Valsaceae, Diaporthales,

source: Artskart (2015)

Valsa melastoma (Fr.: Fr.) Fr., Valsaceae, Diaporth-
ales, source: Artskart (2015), Aarnaes (2002)

Valsa microstoma (Pers.: Fr.) Fr., Valsaceae,
Diaporthales, source: Aarnaes (2002)

Valsa nivea (Hoffm.: Fr.) Fr., Valsaceae, Diaporthales,
Norwegian name: barkhvitprikk, source: Artskart
(2015), Aarnzes (2002)

Valsa pini (Alb. & Schwein.: Fr.) Fr., Valsaceae,
Diaporthales, source: Artskart (2015), Aarnaes
(2002)

Valsa rhodophila Berk. & Broome, Valsaceae, Dia-
porthales, source: Artskart (2015), Aarnas (2002)

Valsa ribesia P. Karst., Valsaceae, Diaporthales,
source: Aarnas (2002)

Valsa rostrupiana (Munk) Munk, Valsaceae, Dia-
porthales, source: Mathiassen & Granmo (2012)

Valsa salicina (Pers.: Fr.) Fr., Valsaceae, Diaporthales,
source: Artskart (2015), Aarnees (2002)

Valsa salicis (Fuckel) G. Winter, Valsaceae, Diapor-
thales, source: Artskart (2015), Aarnaes (2002)

Valsa sordida Nitschke, Valsaceae, Diaporthales,
source: Artskart (2015), Aarnaes (2002)

Valsaria anserina (Pers.: Fr.) Sacc., Incertae sedis,
Diaporthales, source: Artskart (2015)

Valsaria insitiva (Tode: Fr.) Ces. & De Not., Incertae
sedis, Diaporthales, source: Artskart (2015)

Valsella clypeata Fuckel, Valsaceae, Diaporthales,
source: Artskart (2015)

Valsella fertilis (Nitschke) Sacc., Valsaceae, Diapor-
thales, source: Artskart (2015)

Vialaea insculpta (Fr.) Sacc., Vialacaceae, Diapor-
thales, source: Nordén et al. (2015b)

Winterina clavata Munk, Nitschkiaceae,
Coronophorales, source: Artskart (2015)

Xenonectriella lutescens (Armold) Weese, Nectria-
ceae, Hypocreales, source: Aarnas (2002)

Xenotypa aterrima (Fr.: Fr.) Petr., Valsaceae, Dia-
porthales, source: Artskart (2015), Aarnes (2002)

Xylaria arbuscula sensu lato Sacc., Xylariaceae,
Xylariales, source: Herbarium O
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Xvlaria carpophila (Pers.: Fr.) Fr., Xylariaceae,
Xylariales, Norwegian name: bekehamshom,
source: Artskart (2015), Aarnaes (2002)

Xylaria filiformis (Alb. & Schwein.: Fr.) Fr., Xylaria-
ceae, Xylariales, Norwegian name: staudehorn,
source: Artskart (2015), Aarnaes (2002)

Xylaria hypoxylon (L.: Fr.) Grev., Xylariaceae,
Xylariales, Norwegian name: stubbehorn, source:
Artskart (2015), Aarnaes (2002)

Xylaria longipes Nitschke, Xylariaceae, Xylariales,
Norwegian name: smalt stubbehorn, source:
Artskart (2015), Aarnaes (2002)

Xylaria polymorpha (Pers.: Fr.) Grev., Xylariaceae,
Xylariales, Norwegian name: bredt stubbehorn,
source: Artskart (2015), Aarnzs (2002)

Xylomelasma sordida Réblova, Incertae sedis,
Incertae sedis, source: Nordén et al. (2015b)

Zignoélla fallax (Sacc.) Sacc., Chaetosphaeriaceae,
Chaetosphaeriales, source: Artskart (2015),
Aarnas (2002)

Zignoélla minutissima P. Karst., Chaetosphaeria-
ceae, Chaetosphaeriales, source: Aamees (2002)

Zygospermella insignis (Mouton) Cain, Lasio-
sphaeriaceae, Sordariales, source: Aarnaes (2002)

DISCUSSION

The 590 sordariomycetes known from Nor-
way can be compared to the 850 sordario-
mycetes found in Sweden (based on Eriksson
2014, complemented by a few lichen associ-
ated species from Nordin et al. 2015), and
indicates that many species may still await
discovery in Norway. Assuming that as many
species occur in Norway as in Sweden, more
than 250 species await to be discovered in
Norway. We consider this assumption reason-
able despite the lack of some tree species and
habitats in Norway, since Norway has a very
varied topography and climate with rich
deciduous forest and other important habitats.
Sweden is of course not fully investigated
either and the number of undiscovered
species in Norway is therefore probably
considerably higher. We hope that the list
will contribute to increased interest for
sordariomycetes in Norway. Additions and
corrections to the list are welcomed.
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SAMMENDRAG
Sekksporesopp i ordenene Microascales og
Ophiotomatales blir vanligvis kalt ophiosto-
matoide sopper. Disse er tilpasset spredning
med insekter og inkluderer flere viktige pato-
gene sopper som infiserer i sar som blir laget av
eller besakt av insektvektorer. De best kjente
artene, Ophiostoma ulmi og O. novo-ulmi, er
arsak til almesyke. Foruten patogene sopper
er det mange saprofytter som er kjent for &
forérsake blaved i temmer. P4 grunn av stor
morfologisk likhet mellom mange arter har
det veert forvirring knyttet til taksonomi bade
pé artsniva og pa heyere systematisk niva.
Barkbiller er de vanligste vektorene for
ophiostomatoide sopper. Bare seks barkbille-
arter er godt undersgkt med hensyn til ophio-
stomatoide sopper i Norge, og forekomst av
bare 22 arter er publisert herfra. Dette er lite
sammenlignet med andre nordiske land, hvor

totalt 18 barkbillearter har blitt studert for
assosierte sopper. Av ca. 400 beskrevne arter
er ialt 52 ophiostomatoide sopper kjent fra de
nordiske landene. Formalet med denne artik-
kelen er a gi en kort oversikt over ophiostoma-
toide sopper med hovedvekt pa norske funn.

ABSTRACT
Ascomycetes in the orders Microascales and
Ophiostomatales are generally referred to as
the ophiostomatoid fungi. These fungi are
adapted to insect transmission and include
several important tree pathogens that typically
infect wounds visited or created by their insect
vectors. The best known represents being the
causative agents of Dutch elm disease, Ophio-
stoma ulmi and O. novo-ulmi. In addition to
pathogens, there are also many saprobic
ophiostomatoid species that cause blue-stain in
sapwood of timber. Due to great morphological
similarities of many species, the taxonomy of
ophiostomatoid fungi has been confusing, both
at species and at higher systematic levels.
Bark beetles are the most common vectors of
ophiostomatoid fungi. In Norway, only six
bark beetles have so far been thoroughly studied
with respect to ophiostomatoid fungi and the
occurrence of only 22 species has so far been
published. This is little compared to the other
Nordic countries where totally 18 beetle
species have been studied for their fungal
associates. Altogether 52 ophiostomatoid fungi
are known from the Nordic countries among
ca 400 described species worldwide. The
purpose of this article is to provide a brief
review of ophiostomatoid fungi, with focus
on species recorded from Norway.
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INTRODUCTION

Ascomycetes in the orders Microascales and
Ophiostomatales [subclasses Sordariomyce-
tidae and Hypocreomycetidae of the class
Sordariomycetes (de Beer et al. 2013a)] are
referred to as the ophiostomatoid fungi. These
phylogenetically diverse fungi are character-
ized by morphologically similar structures,
resulting from convergent evolution as an
adaptation to insect dispersal (Wingfield et
al. 1993). Ophiostomatoid fungi include
several important tree pathogens, that typi-
cally infect wounds visited or created by
their insect vectors, the best known represen-
tatives being the causative agents of Dutch
elm disease, O. ul/mi (Buisman) Nannf. and
O. novo-ulmi Brasier. In addition to pathogens,
there are also many saprotrophs causing
blue-stain of sapwood in timber (Fig. 1). No
fungus thriving on phloem or xylem of live
trees is considered to be able to penetrate
through the lignosuberized outer bark of tree
stems, a structure forming an effective
constitutive defense. Direct fungal infection
of tree stems originates commonly from
wounds created by animals, insects, wind
damage and human activities such as wounds

Figure 1. Characteristic bluing in pine after bark

beetle attack. Photo: H. Solheim.
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inflicted upon mechanized thinning operations.
The intimate relationship of ophiostomatoid
fungi with their insect vectors provide these
fungi access to tree energy reserves prior to
arrival of wind dispersed fungi. The preferred
substrates of ophiostomatoid fungi, easily
assimilable non-structural carbohydrates,
such as starch and free sugars, are favored
substrates for all fungi and the vector-created
window for pioneer colonization of phloem
and sapwood is presumably crucial for the
ecological success of ophiostomatoid fungi.
Ophiostomatoid fungi have more or less
spherical ascomata with long beaks where
ascospores are being exuded in slimy spore
masses, which is an adaption to insect dispersal
(Fig. 2). These fungi were conventionally
delineated mainly by size and color of asco-
mata, the form of cilia on the top of the beaks,
and ascospore size, shape and the sheath (if
present) that often surrounds them. In addition,
the asexual features have been used in species
identification (Figs. 3-5 show typical asexual

Figure 2. A typical ascocarp (ca. 400 um) of ophio-
stomatoid fungi (an unscribed Ceratocystis
species). Photo: H. Solheim.

AGARICA vol. 36



states of the three most common ophiostomatoid
genera). Due to overlap in morphological
characters between many species, a lot of
confusion has been related to the taxonomy
of ophiostomatoid fungi, both at species and
at higher systematic level.

Modern molecular techniques have provided
further resolution to fungal taxonomy, this
resulting in steady increase in the number of
ophiostomatoid taxa during the last 20 years.
At the moment there are nearly 400 accepted
species of ophiostomatoid fungi in 18 accepted
genera (de Beer et al. 2013b, 2014). The most
common genera are Ophiostoma with 134
species and Leptographium (including Gros-
mannia) with 94 species (both in the order
Ophiostomatales), and Ceratocystis s. lato
(order Microascales) with 72 accepted species
(de Beer et al. 2013b). Other genera in the
order Ophiostomatales include Ceratocysti-
opsis with 16, Fragosphaeria with 2, Grap-
hilbum with 8 and Raffaelea s. str. with 15
accepted species (Dreaden et al. 2014).

Additional ophiostomatoid genera within
the Microascales are Cornuvesica with 1,
Custingophora with 1, Graphium with 9,
Knoxdaviesia with 9 and Sphaeronaemella
with 7 accepted species (de Beer et al. 2013b).
Ceratocystis s. lato has recently been redefined
and consist at the moment of seven genera,
including Ceratocystis s. str. (de Beer et al.
2014).

Most ophiostomatoid fungi have been
found in association with bark beetles (Kirisits
2004), but they may also be vectored by other
insects, such as bark weevils (Viiri 2004,
Jankowiak and Bilanski 2013a, b), longhorn
beetles (Jankowiak 2010, Jankowiak and
Kolarik 2010) and other insects visiting fresh
wounds of trees (Kamgan et al. 2010).
However, most studies have focused on bark
beetles, mainly on those colonizing with
conifers.

The most devastating disease caused by
ophiostomatoid fungi is Dutch elm disease.

H. Solheim, A.M. Hietala

The disease was first discovered in Europe
about hundred years ago, and the first
pandemic caused by O. ulmi reached a peak in
the 1930s (Brasier 1996). The second pandemic
caused by the more virulent O. rovo-ulmi
reached a peak during the 1990s (Brasier 1996).

THE HISTORY OF OPHIOSTOMATOID
FUNGI IN NORWAY

Among the Nordic countries, Sweden has the
longest research history with ophiostomatoid
fungi. Already in 1927 Lagerberg et al. (1927)
published an extensive work on blue-staining
of pine and spruce, and this was followed up
by Melin and Nannfeldt (1934), who studied
fungi associated with blue-staining in wood-
pulp. After the Second World War Rennerfelt
(1950), Mathiesen (1950, 1951), Mathiesen-
Kairik (1953) and Kéérik (1980) continued
the Swedish tradition. Many ophiostomatoid
fungi were described during those two
periods.

Figure 3. The asexual state (Thielaviopsis-like)
of an undescribed Thielaviopsis species. The
conidia are ca 20 ym long. Photo: H. Solheim.
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In Norway, Robak (1932) also studied
blueing of wood pulp, and visited Melin’s lab
in Sweden with isolates of an Ophiostoma
(Ceratostomella) species. After his visit in
Sweden, Robak described a new species, O.
stenoceras (Robak) Nannf. As far as we know
this is the first record of an ophiostomatoid
fungus in Norway. Later, Finn and Helga
Roll-Hansen were isolating ophiostomatoid
fungi from artificially wounded Norway
spruce [Picea abies (L.) Karst.] trees, and
exchanged isolates, among others with Aino
Kadrik. Two ophiostomatoid fungi were
found to be common wound colonizers
(Roll-Hansen and Roll-Hansen 1980), this

Figure 4. The asexual state (ca 250 um) of
Leptographium curvisporum. Photo: H. Solheim.
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being later confirmed by Solheim and Selés
(1986).

In 1974, James Reid from the University of
Manitoba, Winnipeg in Canada was visiting
the forest pathology group in Norway, led by
Finn Roll-Hansen. During the stay, he col-
lected many samples of ophiostomatoid fungi
which he brought back to Canada. After
retirement, he started to characterize these
isolates together with co-workers which has
so far lead to the description of two new
species from Norway (Hausner et al. 2003,
Reid et al. 2010).

In connection with the huge outbreak of the
bark beetle Ips typographus L. on Norway
spruce in the late 1970’s, the ophiostomatoid
fungi associated with this economically
important insect were intensively studied in
Norway by fungal isolation from infested
wood (Solheim 1986, 1992a, b) and from the
bark beetles themselves (Furniss et al. 1990,
Solheim 1993; Krokene and Solheim 1996).
Solheim (1986) isolated ten different species
of which three were new ones. His studies
revealed a clear pattern of succession in
fungal invasion in sapwood after attack by 7.
typographus. Endoconidiophora polonica
(Siemaszko) Z.W. de Beer, T.A. Duong &
M.J. Wingf. was the primary invader with
other ophiostomatoid species trailing some
millimeters behind its colony frontier (Solheim
1992a, b).

In the 1990’s, further studies of ophiosto-
matoid fungi were undertaken to examine
species associated with four additional bark
beetles, Hylurgops palliates Gyll., Ips dupli-
catus Sahlb., Pityogenes chalcographus L.
and Polygraphus poligraphus L. (Krokene
and Solheim 1996). One novel Ambrosiella
species was discovered, which still remains
to be described at species level since this is a
difficult group (Rollins et al. 2001). Recent
molecular studies revealed that species formerly
designated to Ambrosiella are related to
different genera (DeBeer et al. 2013a, b).
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During the last ten years three different
studies have been carried out on ophistomatoid
material collected in Norway. Fungal isolations
from the birch bark beetle Scolytus ratzeburgi
and its galleries revealed four novel ophio-
stomatoid species (Linnakoski et al. 2009);
only one of these has so far been described.
Likewise, sporadic isolations from the bark
beetles Dryocetes autographus Ratz. and
Hylastes cunicularius Er. have revealed two
new species of Leptographium, (Jacobs et al.
2010). In addition, one new species was
described after a survey of wounds of broad-
leaved trees (Kamgan et al. 2010).

Altogether only 22 ophiostomatoid species
are published from Norway. Of these nine
were described as new species based on
Norwegian material (see below). This diversity
is low compared to other Nordic countries,
where, at least 52 ophiostomatoid species are
currently known, but more studies has been
undertaken in both Finland and Sweden (see
Linnakoski et al. 2012a and this paper).

BARK BEETLES IN NORWAY STUDIED
FOR OPHIOSTOMATOID FUNGI

Nearly 70 different species of bark beetles
are recorded from Norway. Of those, only six
conifer inhibiting bark beetles have been
studied in relation to associated fungi, namely
H. palliatus, I. duplicatus, I. typographus, P.
chalcographus, P. poligraphus and Scolytus
ratzeburgi Jans. (Solheim 1986, 1992a, b,
Krokene and Solheim 1996, Linnakoski et al.
2009). In addition, sporadic sampling has
been done from D. autographus and H. cuni-
cularius (Jacobs et al. 2010). In the other
Nordic countries 10 additional bark beetles
have been studied (Linnakoski et al. 2012a),
while 14 additional bark beetle species also
present in Norway have been studied else-
where in Europe (Kirisits 2004, Jankowiak
and Rossa 2008). Nearly all bark beetles
studied so far in Norway/the Nordic countries
are colonizing conifers. On broadleaved trees
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the only comprehensively investigated species
is S. ratzeburgi on birch (Betula ssp.) (Linna-
koski et al. 2008, 2009). In addition, we know
that the two species causing Dutch elm disease,
and vectored by Scolytus spp., kill elm (Ulmus
spp.) trees also in Norway (Brasier and Kirk
2001, Solheim et al. 2011). Here it is note-
worthy to state that the only elm bark beetle
currently present in Norway, Scolytus laevis
Chap., has never been studied for associated
fungi.

KNOWN OPHIOSTOMATOID FUNGI IN
NORWAY

Ophiostomatales

Ceratocystiopsis minuta (Siemaszko) H.P.
Upadhyay & W.B. Kendr.

This species, described from Poland, is often
present in Norway spruce infested by /. typo-
graphus (Siemaszko 1939, Solheim 1986),
and has also been reported from several
continents in association with various bark
beetle species (de Beer et al. 2013b). In
Norway, this species was found associated
with I fypographus as a tertiary invader of
sapwood (Solheim 1992b), while Kérik (1975)
found C. minuta in a second stage after I
typographus attack in Sweden. There is
evidence that C. minutaas defined morpho-
logically represents a species complex. Plattner
et al. (2009) found seven C. minuta lineages
of which two were of Polish origin. Further
studies of this complex are needed, and this
work should be facilitated by the recent
epitypification of a Polish strain isolated
from ascospores taken from perithecia in
galleries of I. typographus on a spruce stem
(Read and Hausner 2010).

Ceratocystiopsis rollhanseniana (J. Reid,
Eyjolfsd. & Hausner) Zipfel, Z.W. de Beer &
M.J. Wingf.

This species was described by Hausner et
al. (2003) based on material isolated from
beetle galleries on standing, dead Scots pine
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(Pinus sylvestris L.) trees. There are only two
known isolates of this species, one collected
near Kongsvinger and the other near Tangen,
Setskog.

Grosmannia cucullata (H. Solheim) Zipfel,
Z.W. de Beer & M.J. Wingf.

Grosmannia cucullata was isolated for the first
time from five bark beetles (1. typographus),
which were caught upon their emergence
from logs of Norway spruce (Solheim 1986).
Later, this species has been found associated
with 1. fypographus in other countries as well
but also with several other bark beetles in
many European countries (Kirisits 2004).
The fungus has also been isolated from adult
1. typographus ssp. japonica in Japan (Yama-
oka et el. 1997). Linnakoski et al. (2012a)
wrote that this species appears to be one of
the most common Grosmannia species in
Fennoscandia. However, it may represent a
species complex (Linnakoski 2012b). A
revision of the G. olivacea complex, of
which G. cucullata is a part of, is needed.

Grosmannia europhioides (E.F. Wright &
Cain) Zipfel

This species was described by Wright and Cain
(1961) from various species of Picea in North-
America. It was later synonymized with G.
piceiperda (Rumbold) Goid. (Upadhyay 1981).
Among several others, Rumbold (1936) did
not observe the presence of any sheath sur-
rounding the ascospores of G. piceiperda as
was described by Wright and Cain (1961) for
G. europhioides. The taxonomic status of the
species in the G. piceiperda group is currently
unclear, but phylogenetic studies have indi-
cated that G. piceiperda and G. europhioides
represent distinct species (Zipfel et al. 2006).
Linnakoski et al. (2012b) showed that the G.
piceiperda complex consist of four different
lineages of which three are from North America.
Neither G. europhiodes nor G. piceiperda
have ex-type cultures, but represent probably
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two of the three lineages from North America.
European isolates represent probably an un-
described species (Linnakoski et al. 2012b).
This fungus is commonly associated with
L. typographus (Solheim 1986, 1992a, 1993),
but is also a tertiary invader of sapwood
(Solheim 1992b). It has also been found
associated with Ips duplicatus and Polygrap-
hus poligraphus in Norway (Krokene and
Solheim 1996). In other parts of Europe,
isolates identified as O. piceiperda or G. euro-
phioides have been collected in association
with many different bark beetles in Europe
(Kirisits 2004). A revision of this group is
ongoing (Yuichi Yamaoka, pers. comm.).

Grosmannia penicillata (Grosmann) Goid.
The asexual state of this species, Leptograp-
hium penicillatum, was described in 1931
(Grosmann 1931), and the teleomorph state a
year later (Grosmann 1932). This species is
consistently associated with . typographus
in many countries in Europe (see Kirisits
2004 for review), and has also been found
together with a few other bark beetle species
(Kirisits 2004). The original collection of this
species was lost during the war, and Solheim
(1986) designated a neotype from Swedish
material.

In Norway this species is very commonly
associated with 1. typographus (Furniss et al.
1990; Solheim 1986, 1992b, 1993, Krokene
and Solheim 1996), but occurs also together
with a few other bark beetles (Krokene and
Solheim 1996). This species was among the
secondary invaders of Norway spruce sap-
wood after 1. typographus attack and trailed
in mean 13 mm behind the primary invader
E. polonica (Solheim 1992a, b).

Leptographium chlamydatum K. Jacobs, M.J.
Wingf. & H. Solheim

The fungus was recently described based on
Norwegian material and was isolated from
the bark beetles H. cunicularis and D. auto-
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graphus (Jacobs et al. 2010). It has later been
found also in Finland and Russia in association
with 5 different bark beetle species (Linna-
koski 2011).

Leptographium curvisporum K. Jacobs, M.J.
Wingf. & H. Solheim

This species was also recently described based
on Norwegian material. It was isolated from
Norway spruce wood adjacent to galleries of
the root-feeding bark beetles D. autographus
and H. cunicularius (Jacobs et al. 2010).

Leptographium lundbergii Lagerb. & Melin

This species is the type species of the genus
Leptographium and was described from Sweden
from a wind-felled, strongly blue-stained pine
tree (Lagerberg et al. 1927). The status of this
species has been problematic as both the
specimen the description was based on and a
designated neotype have been lost (Jacobs et
al. 2005). The culture collection at Norwegian
Forest and Landscape Institute hosts an old
Swedish strain isolated from pine by Aino
Kairik, and an old Norwegian strain from
pine. These isolates formed the basis for a
taxonomic re-evaluation of L. lundbergii and
the Swedish isolate was selected as the neotype
(Jacobs et al. 2005). The species is probably a
common associate of pine and spruce infesting
bark beetles (Jacobs et el. 2005). However, its
occurrence and ecology have not been thor-
oughly studied either in Norway or elsewhere.

Ophiostoma ainoae H. Solheim

This species, described by Solheim (1986), is
commonly associated with I #ypographus
(Furniss et al. 1990) and also with other bark
beetle species (Kirisits 2004, Linnakoski et
al. 2010). In the study by Solheim (1992a, b),
O. ainoae was a secondary invader of sap-
wood and trailed in mean 14 mm behind E.
polonica. This species is conspecific with
Kairik’s (1975) Ceratocystis gr. clavata.
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Ophiostoma bicolor R.W. Davidson & D.E.
Wells

This species is one of the most common
ophiostomatoid fungi obtained from Ips-
infested spruce trees in western North America
(Davidson et al. 1967), but can also be asso-
ciated with various bark beetle and tree species
both in Europe and North-America (Davidson
1955, Kirisits 2004). In Norwegian studies
this species has been one of the most common
associates with . fypographus (Furniss et al.
1990, Solheim 1992a, b, Solheim 1993,
Krokene and Solheim 1996), trailing 5 mm
behind the more virulent, primary sapwood
invader, E. polonica (Solheim 1988, Solheim
1992a). It has also been found in association
with other bark beetle species in Norway spruce
(Krokene and Solheim 1996).

Ophiostoma borealis Kamgan, H. Solheim &
Z.W. de Beer.

During a Norwegian survey of wounds in
broadleaves trees this species was found only
in Northern Norway, mainly on birch, but once
also on European aspen (Populus tremula L.)
(Kamgan et al. 2010). In addition, this species
has been found in galleries of S. ratzeburgi
on birch in Finland and once in a wounded
lime (Tilia cordata Mill.) tree in Austria
(Kamgan et al. 2010).

Ophiostoma denticiliatum Linnakoski, Z.W.
de Beer & M.J. Wingf.

This species was isolated from galleries of S.
ratzeburgi in birch collected in Norway and
described based on those samples (Linnakoski
et al. 2009). It has also been found in wounding
of birch, once in Norway and once in Sweden
(Kamgan et al. 2010).

Ophiostoma flexuosum H. Solheim

This species was isolated from an atypical
gallery of I. typographus on Norway spruce,
next to a shallow, 2-3 mm deep discoloration
in sapwood, together with O. bicolor and G.
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penicillata. Tt has also been isolated in a low
frequency in some other studies of 1. typo-
graphus (Harding 1989, Jankowiak 2005)
and of other bark beetles (Kirisits 2004).

Ophiostoma karelicum Linnakoski, Z.W. de
Beer & M.J. Wingf.

This species has been found to be the most
common ophiostomatoid fungus associated
with the birch bark beetle S. ratzeburgi in
Finland and Russian Karelia (Linnakoski et al.
2008) and Norway (Linnakoski et al. 2009).
It seems to be a constant associate of the
birch bark beetle, but is also found at a low
frequencies with some conifer associated bark
beetles (Linnakoski et al. 2010).

Ophiostoma novo-ulmi Brasier

This species is the causative agent of the
second pandemic of Dutch elm disease Brasier
1991), and is now widespread in Europe,
Central Asia and North-America (Basier 1996).
It has also been introduced to New Zealand.
Currently, O. novo-ulmi was separated into
two subspecies, ssp. novo-ulmi and ssp.
americana (Brasier and Kirk 2001), which
were formerly known as Eurasian and North
American races, respectively (Brasier 1979).
This species is now well established in the
Oslofjord region, but the disease incidence
remains relatively low compared to other
European countries (Solheim et al. 2011).
Both subspecies have been found in Norway,
ssp. americana was introduced first, in 1981,
while ssp. novo-ulmi arrived a few years later
(Brasier and Kirk 2001).

Ophiostoma piceae (Miinch) Syd. & P. Syd.

This species was described already in 1907,
and is probably one of the most common ophio-
stomatoid fungi in conifers. It is frequently
associated with a wide variety of conifer
infesting bark beetles (Kirisits 2004) and is
also common as a wound colonizer in Nor-
way spruce (Roll-Hansen and Roll-Hansen
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1980, Solheim and Selds 1986). Earlier studies
have been based mainly on morphological
species concept, but a recent survey in Fin-
land and Russian Karelia using DNA sequen-
cing showed that isolates considered as O.
piceae had often been misidentified in the past
(Linnakoski et al. 2010). A study of Norwegian
isolates designated as O. piceae is ongoing.

Ophiostoma quercus (Georgev.) Nannf.

This species was long treated as a synonym
of O. piceae. However, Brasier and Webber
(1990) suggested the separation of the two
species, which has been confirmed by several
studies (De Beer et al. 2013b). Confusion
exists in these publications regarding the
correct formulation of the epithet (‘querci’ vs.
‘quercus’). In a detailed argument, De Beer
et al. (2003) showed why ‘quercus’ is the

Figure 5. The asexual state (Pesofum-like- ca
600 um) of Ophiostoma piceae. Photo: H. Solheim.
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correct derivation. This species is probably
rather frequent on broadleaved trees in Nor-
way. It was found infrequently associated with
the birch bark beetle S. ratzeburgi (Linnakoski
et al. 2009), but was the most common species
isolated from wounds of broadleaved trees
(Kamgan et al. 2010).

Ophiostoma stenoceras (Robak) Melin &
Nannf.

This species was described by Robak (1932)
based on samples from wood pulp. It was
later found by Melin and Nannfeldt (1934)
also upon mycological studies on wood pulp,
and has also been found in association with
some bark beetle species (Mathiese-Kéarik
1953). It is probably a rare species.

Ophiostoma tetropii Math.-Kairik

This species was described from Sweden
based on isolates obtained from tunnels of
Tetropium sp. in Norway spruce (Mathiesen
1951). It is commonly associated with 7etro-
pium sp. in Poland as well (Jankowiak and
Kolarik 2010), while in Norway and Sweden
it can also be associated with 1. typographus,
though probably only casually (Kaarik 1975,
Solheim 1986). In a Norwegian study O.
tetropii was isolated at the base of trees 75
and 130 weeks after attack by I. fypographus
(Solheim 1992b); it is likely that the galleries
of Tetropium sp. overlapped spatially with
those of I. typographus at that time.

Ophiostoma ulmi Buis.

This species was the cause of the first pan-
demic of Dutch elm disease (Brasier 1996).
However, the spread northwards in Europe
was rather slow. The origin of this species has
been discussed for years. Recently, O. ulmi
was found in Japan, as was O. novo-ulmi ssp.
americana (Masuya et al. 2010). Possibly, O.
ulmi is native to Japan, while O. novo-ulmi
may be a recent invader. The two first Dutch
elm disease episodes in Norway, in 1963 and
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1972, were most probably caused by O. ulmi
(Solheim et al. 2011). After the introduction
of O. novo-ulmi an intensive monitoring was
undertaken and of about 600 isolates collected
from 1981 t01991 only nine were identified
as O. ulmi (Solheim et al. 2011).

Microascales

Ceratocystis norvegica J. Reid & Hausner
This species, associated with 1. fypographus
on Norway spruce, was recently described
based on material the senior author collected
during his stay in Norway in 1975 (Reid et
al. 2010). Phylogenetically it is distinct from
all the other currently recognized conifer-
infesting Ceratocystis s. lato species. The
generic placement of this species is uncertain
since isolates were not available during the
comprehensive study where Ceratocystis s.
lato was divided in seven different genera
(de Beer et al. 2014).

Endoconidiophora pinicola (T.C. Harr. &
M.J. Wingf.) Z.W. de Beer, T.A. Duong &
M.J. Wingf.

This species belongs to the C. coerulescens
complex split up by Harrington and Wingfield
(1998). Based on earlier studies in the UK,
this taxon was considered to be restricted to
pine, but is now also known from spruce, as
exemplified by the Norwegian isolate
mentioned by Reid et al. (2010).

Endoconidiophora polonica (Siemaszko)

Z.W. de Beer, T.A. Duong & M.J. Wingf.

This species was described from Poland as a
common associate of I. #ypographus (Siem-
aszko 1939). It has later been found in most
studies on ophiostomatoid fungi associated
with this bark beetle (Kirisits 2004, Linnakkoki
2011), and can also occur in association with
some other bark beetles (Krokene and Solheim
1996, Kirisits 2004). The frequency of the
fungus varies greatly at different locations.
The species is common in Norway (particularly
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in south-eastern parts of the country), but
was rarely detected in Finland, Sweden and
Russian Karelia (Linnakoski et al. 2012a).
Because of its high virulence, it has been
suggested to be essential for I. typographus
outbreaks, but the results from different studies
are conflicting and this view is currently not
supported. Endoconidiophora polonica is
considered the most aggressive ophiostomatoid
fungus in conifers in Fennoscandia (Horn-
tvedt et al. 1983, Solheim 1988).

As mentioned above, E. polonica is able
to penetrate relatively quickly into the wet
sapwood of Norway spruce after attack by /.
typographus, while other ophiostomatoid
species are following (Solheim 1992a, b). The
ability of E. polonica to “lead the way” onto
the sapwood is not due to species-specific
differences in colonization rate, but due to its
ability to grow under low oxygen pressure
(Solheim 1991). In inoculation experiments
imitating bark beetle attack (“mass inocu-
lations”), E. polonica was able to kill Norway
spruce trees without the presence of the bark
beetle (Horntvedt et al. 1983). Other tested
species (G. penicillata and O. bicolor) were
only able to grow in the inner bark (Solheim
1988). Endoconidiophora polonica has been
used as a model organism in studying tree
resistance mechanisms in Norway spruce
(Christiansen et al. 1999, Krokene et al. 1999).

Endoconidiophora resinifera (T.C. Harr. &
M.J. Wingf.) Z.W. de Beer, T.A. Duong &
M.J. Wingf.

This species was separated from E. coerule-
scens by Harrington and Wingfield (1998),
partly based on Norwegian material, and a
sample from wounded Norway spruce was
chosen as the holotype. In Norway, this
species is a common colonizer of wounded
Norway spruce (Roll-Hansen and Roll-
Hansen 1980, Solheim and Selés 1986), and it
has also been found on wounded spruce trees
elsewhere in Europe and in North-America
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(Harrington and Wingfield 1998). Its vertical
rate of spread within the sapwood may be up
to 80 cm per year (Roll-Hansen and Roll-
Hansen 1980, Solheim and Selas 1986).

CONCLUSIONS AND FUTURE
PROSPECTS

Owing to adaptation to insect transmission,
ophiostomatoid fungi have spherical fruit-
bodies with long beaks where ascospores
exude in slimy spore masses at the top. The
considerable overlap in morphological features
between different ophiostomatoid species, a
result of convergent evolution, makes the
systematics of this group very challenging.
With the adoption of molecular taxonomy,
further revision of the nomenclature and
species concepts of these fungi can be expected
in the near future.

In Norway only seven bark beetles have
so far been thoroughly studied with respect
to ophiostomatoid fungi and only 22 ophio-
stomatoid fungi are currently recorded from
Norway. This is little compared to the other
Nordic countries where 12 additional beetle
species have been studied. Altogether 52
ophiostomatoid fungi are known from the
Nordic countries and ca. 400 worldwide.
Particularly species associated with bark beetles
feeding on broadleaved trees have received
little attention; we anticipate that several
novel ophiostomatoid species remain to be
discovered, both in Norway and worldwide.
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SAMMENDRAG

Gjennom herbarierevisjon (2005-2008), og
feltarbeid av forfatterne (2009-2011) og en
rekke biologer og amatermykologer (2009—
2014) har de ektomykorrhizadannende korall-
soppartene (Ramaria) blitt studert med hensyn
til diversitet, utbredelse og ekologi. Det har
blitt foretatt morfologisk analyse av mer enn

tusen innsamlinger, og ca. 650 representative
fennoskandiske kollekter har blitt studert mole-
kyleert (ntDNA ITS og deler av LSU). For &
stabilisere nomenklaturen har 87 relevante
typer av korallsopparter fra Europa og Nord-
Amerika blitt undersekt morfologisk og
molekylart. Til nd har 46 forskjellige arter
blitt identifisert fra nordisk materiale, og
minst forti av dem kan skilles morfologisk.
Mer enn tjue av artene vokser i barskog.
Mindre enn ti av dem er ikke spesielt naerings-
krevende, og de er knyttet til boreal, ofte furu-
dominert skog. Denne artikkelen har hoved-
fokus pé sistnevnte gruppe.

Det er gitt beskrivelser av R. boreimaxima,
R. eosanguinea, R. ‘neoformosa sensu Schild’,
R. primulina, R. testaceoflava, R. botrytis, R.
‘botrytis coniferous’ og R. ‘rubripermanens
sensu Christan 2008’

For artsgruppen som er presentert viser
undersgkelsen at det er behov for en rekke
endringer med hensyn til taksonomi og nomen-
klatur. Bare to av artene som er behandlet, R.
botrytis og R. testaceoflava har beholdt de
navnene som tradisjonelt har veart brukt for
dem. En av artene er nybeskrevet (R. borei-
maxima, 2014). 1 to tilfeller har typestudier
med bruk av molekylere metoder bekreftet
identitet med taksa med ukjent eller lite kjent
navn i Norden (R. eosanguinea og R. primu-
lina).
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For de evrige artene trengs ytterligere
undersegkelser av nomenklaturen, og sann-
synligvis er de ubeskrevne.

ABSTRACT

A herbarium revision (2005-2008), and field
work by authors (2009—2011) and by several
biologists and amateur mycologists (2009—
2014) have been performed to record the
species diversity, distribution and ecology of
ectomycorrhizal Ramaria-species in Fenno-
scandia. Morphological analysis of more than
thousand specimens has been carried out, and
ca. 650 representative Fennoscandian speci-
mens have been studied molecularly (nrDNA
ITS and part of LSU). To stabilize the nomen-
clature, 87 relevant type specimens of Ramaria
species from Europe and North America have
been examined morphologically and mole-
cularly.

So far, 46 different species have been
identified among Nordic material, and at least
40 of them can be identified morphologically.
More than twenty of the species grow in
coniferous forests. Less than ten of them are
not especially nutrient demanding and prefer
boreal, often pine dominated forests. This
paper has its focus on the latter group.

Descriptions are provided for R. borei-
maxima, R. eosanguinea, R. ‘neoformosa
sensu Schild’, R. primulina, R. testaceoflava,
R. botrytis, R. ‘botrytis coniferous’ and R.
‘rubripermanens sensu Christan 2008’

Our study has shown the need for several
nomenclatural-taxonomic changes in the group
presented here. Only two of the treated species,
R. botrytis and R. testaceoflava, have retained
traditionally used names. One of the species
has been described as new (R. boreimaxima,
2014). In two cases, type studies using mole-
cular methods have confirmed identity with
unknown or little used names in the Nordic
countries (R. eosanguinea and R. primulina).
The rest of the species need further nomen-
clatural research and are probably undescribed.
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INTRODUCTION

This is the third paper from our Nordic
Ramaria project, the aim of which has been
to research the species diversity, distribution
and ecology of mycorrhizal Ramaria species
and to stabilize their nomenclature.

Preliminary results of the project are
reported in Kotiranta et al. (2009), where the
first Finnish records are presented, and in
two subsequent papers. The first of these
(Brandrud et al. 2012) provides descriptions
of species connected to boreonemoral broad-
leaved deciduous forests in Norway. The
second one (Bendiksen et al. 2013) has its
focus on species in base-rich coniferous
forests in Norway (both papers in Norwegian
with abstracts in English). The general back-
ground for the project is given in these papers.

During 2005-2008, 2010-2011 and
2013-2014 the project was financially sup-
ported by taxonomy initiatives in Finland
(Forest Biodiversity Programme for Southern
Finland), Norway (Norwegian Biodiversity
Information Centre) and Sweden (Swedish
Biodiversity Information Centre), respectively.
The funding from Sweden was granted for
molecular studies that will be completed by
the end of 2015. The geographical focus of
the project has now been widened to the
whole of Fennoscandia.

The names and taxonomy of almost all
Fennoscandian Ramaria species have until
recently been adopted from Central and
South Europe, and from North America.
Comparison of DNA sequences from Nordic
material with relevant European and North
American type specimens reveal that several
Fennoscandian species have a strictly boreal
distribution and are probably undescribed.

In the present paper we treat the last, larger
ecological group of Fennoscandian ectomycor-
thizal Ramaria species, the least nutrient-
demanding ones, most of which seem to grow
with Pinus and Picea, preferably in dry, sandy,
pine dominated forests with only thin organic

AGARICA vol. 36



soil. In addition we present the three known
Nordic species in the Ramaria botrytis com-
plex, two of which have a clearly deviating
ecology, since we have discovered that the
earlier concept of R. botrytis in Fennoscandia
is collective and one of the taxa is a genuinely
boreal species.

After completing our molecular studies,
the phylogenetic results, taxonomic revisions,
descriptions of new species and a key to the
Nordic species will be published in separate
papers.

MATERIALS AND METHODS

The Fennoscandian Ramaria project is based

on the following data sources:

1) Revision of Ramaria specimens of all
available Nordic herbaria (BG, H, LD, O,
OULLU, S, TRH, TROM, TUR).

2) Specimens collected over a long period of
time by 1. Kytdvuori.

3) Specimens collected by project members
during the field work in Norway in 2009—
2011, as part of the Norwegian taxonomy
project, and the collections sent to us by
biologists working with nature surveys
and by accomplished amateurs.

4) Recent collections sent to us from Sweden
in 2013-2014 by more than ten biologists
and amateurs.

5) Molecular analysis of ca. 650 representative
specimens from Fennoscandia and ca. 260
specimens with relevant ecology and distri-
bution from Central and Southern Europe,
and from North America.

6) Studies of 87 European and North American
type specimens. Further, we studied speci-
mens of the mycorrhizal Ramaria species
introduced in the German monograph of
Ramaria by Christan (2008) and deposited
in his private herbarium.

The Nordic material, more than a thousand
morphologically analyzed specimens, covers
most of the biogeographic provinces in Fenno-
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scandia: from Agder in the south to Troms in
the north in Norway, from Skane to Lule
Lappmark and Norrbotten in Sweden and
from Aland and Varsinais-Suomi to Inari
Lapland in Finland. The best examined area in
Norway is the South Eastern part (Jstlandet)
and in Sweden the provinces Skéane, Uppland
and Dalarna. In Finland the southern part of
the country is most thoroughly inventoried.

Microscopic observations were made in
Melzer’s reagent (MLZ) instead of cotton
blue, used by most Ramaria researchers. MLZ,
which has been used by three of the authors
as standard mountant with agarics, has also
worked well when studying Ramaria. The
spores were measured without ornamentation
and apiculus. Approximately 5% of the
measured spores (extremes) were excluded to
obtain the given variations of spore lengths
and widths, and length/width ratios (Q). All
measured spores were included in all given
calculated mean values: for average spore
lengths, widths and length/width ratios (all
boldfaced) and for variations of averages
between specimens (av., Q av.).

A representative selection of all morpho-
logical Nordic species was examined mole-
cularly. DNA was extracted from small pieces
of dried fruit bodies. ITS sequences (including
5.8S) and sequences including a part of LSU
of nucleic rDNA were obtained by direct
sequencing. Most of the selected Finnish
material was sequenced at Helsinki University
in 2005-2008. Most of the Norwegian mate-
rial was sequenced in Guelph, Ontario, Canada,
in 2011 and 2014 as a part of the Norwegian
Barcode of Life (NorBOL) project. Most of
the Swedish and some Norwegian and
Finnish material were sequenced at the Natural
History Museum of Oslo (NHM) in 2014.

The abbreviation NR in the lists of studied
material refers to Nature Reserve. Authors’
names as collectors are abbreviated as EB, KB,
TEB, IK and MT. Abbreviations of official
herbaria are in accordance with Holmgren et
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Figure 1. “Ramaria-land”. Dry pine forest on sandy soil. Norway, Hedmark, Elverum, Heradsbygd

skistadion. Photo: T. E. Brandrud.

al. (1990). Herbarium acronyms followed by
accession number refer to databased records.

Nature type codes, given as ecological
information for each species (Online material
1), follows the Norwegian system of Nature
in Norway (NiN), version 2.0 (Halvorsen et
al. 2015).

RESULTS AND DISCUSSION

So far, 46 different species have been identified
among Nordic material of mycorrhizal
Ramaria, based on molecular data. For the
moment, it is possible to identify at least 40
of them morphologically. More than twenty
species are growing in coniferous forests and
less than ten of those belong to the group of
least nutrient-demanding ones, treated in this
paper. Several of the present species seem to

92

have their optimum in sandy pine forests like
in fig. 1 (R. boreimaxima, R. eosanguinea, R.
neoformosa sensu Schild and R. primulina).
However, all of these also occur in other forest
types, including more mesic spruce forests. An
exception from this pattern is Ramaria
testaceoflava, which has a strong preference
for Picea.

The present paper also treats the entire R.
botrytis complex, including R. botrytis s. str.
and R. ‘rubripermanens sensu Christan’ with
preference for boreonemoral oak-lime forests
and dry pine forests, as well as R. ‘botrytis
coniferous’ found mainly in boreal spruce
forests and sandy pine forests.

The taxonomic groups, to which the treated
species belong, are briefly introduced, and
descriptions of the species are provided below.
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Figure 2. Ramaria boreimaxima (young and small fruit body). Sweden, Jamtland, Ostersund, Blixt-
backsselet NV, KB&EB 83/10. Photo: K. Bendiksen.

RAMARIA BOREIMAXIMA GROUP
The group is characterized by large cauli-
flower-like fruitbodies, which are apricot
coloured or pale orange yellow as young, soon
fading to alutaceous, and narrowly cylindrical
spores with low ornamentation of small warts
in obscure rows.

The group seems to have an isolated
position among mycorrhizal Ramaria.

Ramaria boreimaxima Kytov. & Toivonen.
Fig. 2.

Misapplied name: R. magnipes Marr & D.E.
Stuntz (Nitare 2010).

Macromorphology: Fruit bodies large, up to
30 cm high and 25 cm broad, cauliflower-
like especially when young, later congested-
branched when the branches become longer,
apical branches narrow, pointed, pale orange
yellow when young, soon discolouring to
alutaceous or flesh toned, rarely with salmon
pinkish tints, extreme apices pale orange when

young. Stipe robust, branching upwards, white.
Context white, in apical branches pale orange
brown, usually not reddening or darkening
when handled or dried. Smell weak. Taste
mild, slightly bitter at older apices.

Microscopy: Spores narrowly cylindrical to
narrowly dacryoid, 9.7-10.9 — 12.2 x 3.9 —
4.4-4.8 pm (av. = 10.9-11.5 x 4.0-4.6 um),
Q=2.1-2.47-2.7 (Q av. = 2.35-2.58), (285
spores, 16 specimens), warts small and low,
occasionally a few elongated, mostly in
irregular rows. Basidia and hyphae in trama
with clamps; hyphae in the basal tomentum
of the stipe smooth with neither crystals nor
a gelatinous sheath, mostly with clamps.

Habitat and distribution: Especially in dry
sandy pine forests, including sites with more
coarse, gravelly till, rarely in rocky pine
forests on shallow soil, sometimes in mesic
spruce dominated coniferous forests. From
the northern part of the boreonemoral zone to
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the northern boreal zone; somewhat rare to
occasional. In Norway recorded from south-
eastern part of the country, from Ostfold to
Aust-Agder; in Sweden from Dalarna to Lule
Lappmark and in Finland from Varsinais-
Suomi to Koillismaa.

Notes: Ramaria boreimaxima is a newly
described, apparently boreal species (Kyto-
vuori and Toivonen 2014). The species is
characterized by the large to very large fruit
bodies growing preferentially in dry, sandy
pine forests. It resembles in appearance other
large Ramaria species, such as R. flavescens
and R. eosanguinea, both of which are more
pure yellow when young. R. flavescens has
different, strongly verrucose spores and a
preference for base-rich habitats, and the
most northern records are from the boreo-
nemoral zone (Bendiksen et al. 2013).

R. eosanguinea grows in similar habitats
but is usually somewhat smaller, with smaller,
more tapering stipe, the base context of which
is watery greyish, marbled and becomes
brownish upon drying. R. eosanguinea has
also a characteristic saffron(-iodoform)-like
smell. Some of the basal tomentum hyphae
of R. eosanguinea have a sparse cover of flat
crystals. The spores of the latter are oblong-
cylindrical, often somewhat sway-backed
and have even lower ornamentation than the
spores of R. boreimaxima. Both R. boreimax-
ima and R. eosanguinea have spores with so
low warts that a well-adjusted microscope
and some experience are needed to be able to
see the ornamentation; spores are not smooth
as it is often claimed.

The American name, R. magnipes, has been
applied for this in recent Swedish literature
(Nitare 2010, Géardenfors 2010) but the type
specimen of R. magnipes is now confirmed
to belong to the R. flava group.
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Fennoscandian material studied and confirmed
by DNA:

Norway

Ostfold: Aremark, Aug. 16, 1987, Mathisen
(O-F121580); Fredrikstad District, Weholt
34/88 (0O).

Buskerud: Kongsberg, Kongsbergskogen
v/Haurevanna, Aug. 21, 1999, Gulden, Seren-
sen, Fonneland & Dahl (O-F63166).
Aust-Agder: Vegardshei, Sundet-Lundhaug,
Aug. 14, 2011, Henrichsen & Fonneland, I-FL
2011-147 (O-F294494); Amli, Baas i Tovdalen,
Sept. 19, 2010, Gundersen & Junker (O-
F295771).

Sweden

Dalarna: Siter, Gustaf socken, Dammsjon
NR, Aug. 21, 2011, Aronsson (S, dupl. O);
Soderbirke, Maisberget, Sept. 24, 2011,
Hermansson S2675 (O).

Hilsingland: Voxna, Lobonis, Sept. 16, 1995,
Pirjo Kytovuori & 1K 95-1977 (H).
Angermanland: Junsele, Ysjo, Aug. 30, 1997,
1K 97-443 (H).

Jdmtland: Ritan, Handsjo, Aug. 31, 2003, 1K,
Niskanen & Liimatainen (H); Ostersund,
Blixtbéacksselet NV, Aug. 27, 2010, Petterson
(KB&EB 83/10, O-F294273).

Finland

Uusimaa: Espoo, Luukki, Aug. 22, 2000, IK
& Course (H).

Eteld-Hdme: Lammi, Evo, Pitkdniemenkangas,
Aug. 20, 1996, IK 96-525 (HOLOTYPUS,
H); Renko, Hiitankangas, Aug. 10, 1997, IK
97-185 (H).

Eteli-Savo: Kerimiki, Louhi, Sept. 8, 1998,
IK 98-1749 (H).

Ramaria aff. boreimaxima

A few specimens morphologically resembling
R. boreimaxima have a distinctly deviating
ITS sequence while the LSU sequence is
identical. We have not yet found morpholo-
gical characters distinctive enough to distin-
guish one from another, although some small
macroscopic differences e.g. in fruitbody
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colour and in form of the branch tips can be
observed.

We have records of these deviating speci-
mens from both Norway and Sweden, but not
from Finland. They seem to have a similar
ecology as R. boreimaxima but show a more
southwestern distribution.

Fennoscandian material studied and confirmed
by DNA:

Norway

Buskerud: Sigdal, Hegas S, Jul. 12, 2011,
Hofton THH-11219 (O).

Aust-Agder: Arendal, Hisgy, Aug. 28, 2011,
Castberg (KB&EB 78/11, O-F294400); Amli,
Baas i Tovdal, Aug. 18, 2010, Gundersen &
Fonneland, TEB 413-10 (O-F296370).
Sweden

Upland: Borje, Herrhagen, Aug. 21, 2009,
Aronsson (S, dupl. O).

Virmland: Gullspang, S6dra Rada, Aug. 19,
2009, Jansson (Herb. S6derberg).

Dalarna: Alvdalen — Bora, Aug. 23, 2009, H.
& H. Griinert (Herb. J. Christan).

RAMARIA FLAVA GROUP

The group is characterized by yellow, medium
sized to large fruit bodies with tapering glab-
rous stipe, watery greyish, marbled context
with yellow tint, strong saffron- (iodoform-
cellar-) like smell, and oblong-cylindrical
spores with low ornamentation of more or
less elongated warts in obscure rows.

All the three species of the Ramaria flava
group in Fennoscandia are connected to coni-
ferous forests. Ramaria safraniolens Christan
and R. flava var. pinicola Schild are connected
to rich spruce dominated forest, whereas R.
eosanguinea R.H. Petersen prefers dry pine
forests on sandy soil. Ramaria safraniolens
is treated as R. flava var. scandinavica in
Bendiksen et al. (2013). Ramaria flava var.
pinicola is apparently quite rare in the area,
with only one confirmed record from Fenno-
scandia so far (Sweden, Uppland, Hivero,
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Strid 26179).

Ramaria flava s. str. is a southern broad-
leaved deciduous forest species so far not
found in Fennoscandia. The neotype of
Ramaria flava (Schaeff.: Fr.) Quél. has been
chosen (Schild 1991) from Fagus forest from
Bayern, Germany, and it has been studied by
us (microscopy and DNA).

Ramaria eosanguinea R H. Petersen. Fig. 3.
Macromorphology: Branches homogeneous
and rather strongly yellow, with lemon yellow
tinge when young (reminiscent of R. schildii),
never warm yellow—orange yellow tinted,
rarely with salmon pink tinges on uppermost
branches; with a strong characteristic saffron-
like smell. Otherwise like R. safraniolens.

Microscopy: Spores oblong-cylindrical, often
somewhat sway-backed, 9.5-10.6-11.8 x
39-4.2-45 pm (av. = 10.4-11.2 x 4.1-4.3
pm), Q = 2.25-2.52-2.75 (Q av. = 2.43-
2.62), (230 spores, 11 specimens), ornament-
ation very low, consisting of elongated warts
in obscure rows in surface view, looking
almost smooth in profile view. Basidia and
trama hyphae with clamps. Basal tomentum
hyphae partly covered by thin crystals, most
septa without clamps.

Habitat and distribution: In oligotrophic, dry
sandy pine forests, but also in low-herb and
calcareous pine forests and in low-herb spruce
forests. Widely distributed and occasional,
but rare in southernmost parts of Norway and
Sweden. In Norway most frequently known
from sandy pine forests (Telemark-Buskerud-
Oppland-Hedmark), but also low herb pine
forests from Telemark to Mere og Romsdal,
and from low-herb spruce forests in Oslo and
Trendelag—Nordland. In Sweden and Finland
common in a wide range of habitats, from
moist, rich spruce dominated forests to dry,
oligotrophic pine forests on sandy soil. In
Sweden known from Skane to Lule Lappmark
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Figure 3. Ramaria eosanguinea. Norway, Oppland, Odnesberga, TEB 174-14. Photo: K. H. Brandrud.

and in Finland from Varsinais-Suomi to
Sompio Lapland.

Although described from Switzerland
(Petersen 1976), Ramaria eosanguinea is not
treated by Christan (2008), and the species is
apparently quite rare in Central Europe. Its
main distribution seems to lie in boreal North
Europe.

Notes: The type specimen of Ramaria eosan-
guinea is identical with our species, even
though part of the description of the species
is deviating, especially the rubescent flesh.
However, the watery greyish, marbled flesh
in the stipe of our species turns rusty brown
when dried.

Ramaria eosanguinea is fairly easily
identified as belonging to the R. flava group
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by its smell and its oblong-cylindrical, very
weakly ornamented spores. From R. safrani-
olens it is separated by a more northern distri-
bution and a wider ecology. In their sympa-
tric area, in the boreonemoral zone, the
identification may be very difficult. As a rule
the spores of R. eosanguinea are smaller,
narrower and more weakly ornamented than
those of R. safraniolens, and the basal tomen-
tum hyphae have fewer crystals.

Ramaria eosanguinea and Ramaria safra-
niolens are probably the species most often
named R. flava in earlier Nordic literature.

Fennoscandian material studied and confirmed
by DNA:
Norway
Oslo: Lillomarka, Ravnkollen, Aug. 9, 2011,
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EB 499/11 (0O-F294286).

Oppland: Qystre Slidre, Storefoss ved Heg-
genes, Sept. 16, 1979, Stordal (O-F8150).
Telemark: Tinn, Midstrondbekken NR, Aug.
9,2011, TEB 345-11 (O-F294425).

Sogn og Fjordane: Sogndal, Amladalen,
Sept. 11, 2010, TEB 257-10 (O-F296336).
More og Romsdal: Norddal, Ytreli, Sept. 11,
2010, Holtan, TEB 259-10 (O-F296338);
Norddal, Fjera E, Aug. 31, 2011, Holtan (O-
F294430).

Sor-Trondelag: Oppdal, Albu, Sept. 5, 2010,
KB&EB 150/10 (O-F294285).
Nord-Trondelag: Steinkjer, Stod, Sept. 5, 2010,
TEB 168-10 & Holien (O-F296318); Stein-
kjer, Stod, Sept. 5, 2010, Holien HH 132/10
& TEB (0O-F293411); Stjerdal, Radenmarka,
Aug. 13, 2009 TEB 284-09 (O-F296393).
Sweden

Skane: V. Sonnarlov, Klova hallar, Oct. 16,
2005, Soderberg (Herb. Soderberg).

Oland: Boda, Kronopark, Sept. 14, 1988,
Korhonen 8716 (H).

Viistergotland: Mariestad, Surd, Aug. 19, 2007,
Grundel (Herb. Soderberg).

Uppland: Norrtilje, Kapellskér, Sept. 13,2012,
Strid 26162 (S); Vésterlovsta, Stora Runn-
hillen, Sept. 8, 2012, Aronsson (S, dupl. O).
Dalarna: Grangirde, Génsberget, Sept. 5,
2009, Hermansson S-2456a (O); Grangirde,
Sunnansjo, Sept. 17, 2011, Hermansson (O);
Ludvika, Dammsjon, 8 Sept. 2009, Hermans-
son S-2468 (O); Ludvika, Dammsjobacken,
Aug. 30, 2011, Hermansson S-2593 (O);
Ludvika, Biskopsniset, Sept. 21, 2009,
Hermansson S-2501 (O); Malung, Ojsberget,
2010, Kirppu (O); Mora, Bonis, Sept. 13,
2007 KB & EB (0-F294341); Norrbadrke,
Bjorsjo, Sept. 17, 2011, Hermansson S-2655
(O); Rittvik, Réttviksheden, Sept. 18, 2009,
Hermansson & Soéren S-2493 (O); Sérna,
Hostet, Sept. 9, 2011, Hermansson (O); Soder-
barke, Sorsnéset, Sept. 21, 2011, Hermansson
S-2666 (0O); Soderbiarke, Blomsterdnget —
Korsheden, Sept. 21, 2011, Hermansson S-
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2667 (O).

Lule Lappmark: Jokkmokk, Ekopark Vuol-
lerim, Sept. 30, 2010, Karstrom 10116 (Herb.
Karstrom).

Finland

Varsinais-Suomi: Lohja, Jalassaari, Tammi-
niemi, Aug. 27, 2000, IK (H); Vihti, Nuuksio
National Park, Sept. 21, 2004, IK (H); Vistan-
fjard, Lammala, Sept. 25, 2001, IK et al. (H).
Pohjois-Savo, Kerimédki, Louhi, 1 Oct. 1994,
1K 94-1231 (H).

Kainuu: Paltamo, Tololanméki, Sept. 14, 2008,
IK 08-1799 (H); Sotkamo, Talvivaara, Sept.
5, 2001, Kosonen (H).

Sompio Lapland: Pelkosenniemi, Suvanto,
Kalkkivaara, Aug. 26, 1992, IK 92-1115 (H).

RAMARIA ‘NEOFORMOSA SENSU
SCHILD’ GROUP
The group is characterized by yellow, medium
sized fruit bodies developing saffron yellow
to salmon pink colours during maturation,
glabrous stipe with white context, rather small
(< 10 pm), narrow, weakly verrucose spores
and mostly clampless hyphae. Basal tomen-
tum hyphae are thinly covered by gelatinous
sheath. In addition some of them are covered
by a thick layer of small to large crystals.
Based on the ITS sequences there are three
species belonging to the group in Fenno-
scandia. All of them grow in coniferous forests.
Two of them, not treated here, seem to have
more southwestern distribution and to prefer
nutrient-rich, calcareous habitats. It is very
difficult to distinguish the three species
morphologically, and further research is needed.
None of them have a known proper name.
Christan (2008) uses the name Ramaria fage-
torum Maas Geest. ex Schild for a German
species belonging to this group, but this species
has so far not been detected from Fennoscandia.
The molecular analysis of the type specimen
of Ramaria fagetorum is not yet completed.
One of the Finnish specimens of the species
described below was determined by Schild as
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Figure 4. Ramaria ‘neoformosa sensu Schild’. Norway, Buskerud, Sigdal, Presttiennasen, Hofton

THH-11223. Photo: T. H. Hofton.

Ramaria neoformosa R.H. Petersen (Punkari
1988). The interpretation is underlined by
Schild‘s (1978) comment of R. neoformosa,
“dhnliche sporen” with R. fagetorum. We
have thus chosen to apply the provisional
name R. neoformosa sensu Schild for the
species in this paper.

The molecular data and spore characteristics
strongly suggest that R. neoformosa R.H.
Petersen in the original sense and sensu
Christan (2008) are, however, R. formosa
(Pers.) Quél., despite of being clampless.
Ramaria formosa is not closely related to the
group in question here.

Ramaria ‘neoformosa sensu Schild’. Fig. 4.

Macromorphology: Fruitbodies with distinct
stipe and subparallel to somewhat diverging
branches, branch tips warm yellow, branches
below pale yellowish to often almost white
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as young, soon turning saffron yellow to pale
salmon pink, with age often uniformly pinkish
white. Stipe normally with rounded, rarely
tapering base. Stipe context pure white, often
with saffron to salmon pink tint in branches.
Odour pleasant, corn-like.

Microscopy: Spores narrowly (amygdaloid)-
cylindrical to cylindrical, 8.6-9.8-11.3 x
3.6-4.0-4.5 pm (av. = 9.3-10.3 x 3.8-4.2 pm),
Q = 2.10-2.48-2.95 (Q av. = 2.39-2.58),
(220 spores, 11 specimens), weakly verrucose,
with elongated, low warts in obscure rows.
Hyphae mostly without clamps, some clamped
basidia may be present. Basal tomentum
hyphae clampless, thinly slime-covered, some
with a thick crystal cover.

Habitat and distribution: In coniferous forests,
from rich spruce forests to oligotrophic, dry
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pine forests on sandy soil. In Norway rare,
found twice in dryish spruce dominated
localities, once in low herb spruce forest and
once in calcareous pine forest, in Ostfold and
Buskerud. In Sweden from Dalarna to Lule
Lappmark, rare to occasional, more common
in sandy pine forests in the northern part of
the country. In Finland occasional; from south
coast to Sompio Lapland. The species seems to
be somewhat continental, with distinctly
eastern distribution in Fennoscandia. It is
associated with both spruce and pine.

Notes: Ramaria neoformosa sensu Schild
resembles R. safraniolens and R. eosanguinea,
but has wider stipe, pure white stipe flesh,
different smell, smaller spores, clampless
septa and different basal tomentum. It is also
more salmon tinted than R. eosanguinea.
From R. lutea and R. primulina the present
species differs by its stronger colours, stouter
branches with non-gelatinized flesh, larger
stipe, narrower spores and some crystal-
covered basal tomentum hyphae.

Fennoscandian material studied and confirmed
by DNA:

Norway

Ostfold: Borge, Aug. 21, 1988, Weholt OW
30/88 (Herb. Weholt).

Buskerud: Hole, Vik, Sept. 2, 1969, Gulden
(O-F74943); Nes, Flatdalsasen, Oct. 6, 2007,
Hofton (O-F287577); Sigdal, Presttjennésen,
Jul. 12 2011, Hofton THH-11223 (O).
Sweden

Dalarna: Bonésheden, Sept. 13, 2007, MT &
IK 07-1321 (H).

Jimtland: Bracke, Ammerberget, Aug. 26, 2010,
Pettersson (KB & EB 52/10) (O-F294252).
Lule Lappmark: Jokkmokk, Piatis, Aug. 31,
2011, Wiking (Herb. Karstrom).

Finland

Varsinais-Suomi: Kemid, Pedersa, Sept. 21,
1990, IK 90-1841 (H); Parainen, Granvik,
Sept. 30, 1989, Heinonen (TUR); Vihti,
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Salmenkartano, Aug. 30, 2004, IK (H).
Eteld-Hdme: Kuru, Seitseminen National
Park, July. 28, 2000, P. Kytévuori & IK (H);
Vesilahti, ca. 1979, Punkari (H).

Eteld-Savo: Kerimiki, Louhi, Sept. 9, 1998,
IK 98-1803 (H).

Pohjois-Savo: Kuopio, Riistavesi, Aug. 28,
1987, IK 87832 (H).

Kainuu: Puolanka, Paljakka, Aug. 16, 2002,
IK (H).

Sompion Lapland: Pelkosenniemi, Suvanto,
Aug. 26, 1992, IK 92-1117 (H).

RAMARIA LUTEA—-R. FLAVOIDES GROUP
The group is characterized by vivid to pale
yellow, medium sized fruit bodies, sticky-
viscid context, short stipe which is covered by
rudimentary branches and raphanoid smell.
Spores are rather small to medium sized,
ellipsoid and distinctly verrucose, with low
warts not in rows. Basal tomentum hyphae
are covered by gelatinous sheath.

Three Fennoscandian species, so far
possible to identify morphologically, belong
to the group, Ramaria lutea (Vitt.) Schild
(treated in Brandrud et al. 2012), R. flavoides
agg. (Bendiksen et al. 2013) and R. primulina
R.H. Petersen.

Ramaria primulina R H. Petersen. Fig. 5.
Ramaria aff. flavigelatinosa Marr & D.E.
Stuntz in Kotiranta et al. (2009)

Macromorphology: Fruit bodies medium-sized,
densely branched, branches somewhat flex-
uous to curly towards the top, pale citrine
yellow, almost white when dried, with gela-
tinizing context, stipe small.

Microscopy: Spores obovoid-cylindrical to
(strongly) lacrimoid to almost obliquely
pyriform, 8.8-10.1-11.6 x 4.3-4.8-5.4 pm
(av. = 9.7-104 x 4.6-5.0 pm), Q = 1.75-
2.12-2.40 (Q av. = 2.04-2.13), (210 spores,
10 specimens), fairly strongly, coarsely ver-
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Figure 5. Ramaria primulina. Norway, Buskerud, Krgdsherad, Fyranflaget N, Hofton THH-11297.

Photo: T. H. Hofton.

rucose, warts wide but fairly low, not in rows.
In the Nordic material the spores are in size
intermediate between R. lutea and R. cf. sub-
tilis. Basidia and trama hyphae are mostly
without clamps. Branch trama mostly with
olive yellowish to greenish granules or oil
guttules. Basal tomentum hyphae clampless,
covered by a fairly thin gelatinous sheath.

Habitat and distribution: Mostly in calcareous
to oligotrophic dry pine forests on sandy soil,
but has also been found in mesic spruce
forests. In Norway there are only few records;
from dry, calcareous pine dominated forests
in the south-eastern part of the country. In
Sweden the species is known from Uppland
to Lule Lappmark, as rare to occasional. In
Finland it is fairly rare to occasional and is
known from the southern coast to Peri-
Pohjanmaa and Koillismaa. The lack of more
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Norwegian findings might indicate that R.
primulina is a continental species with a
(south-) eastern distribution in Fennoscandia.
Notes: Ramaria primulina differs from most
of the other Fennoscandian Ramaria species
by its pale yellow colour, fairly thin, dense
and curly branches, small stipe, gelatinous
context and lacrimoid, verrucose spores with
low warts not in rows. Ramaria lutea (Vitt.)
Schild is fairly similar, but it is often some-
what smaller, less curly, its spores are smaller
and it grows mostly with nemoral broad-
leaved deciduous trees. Species in R. flavoides
complex are more vivid, yolk yellow, have
bigger spores than R. primulina and grow in
nutrient-rich spruce forests.

When studying molecularly North American
type specimens, R. primulina R.H. Petersen
from Nova Scotia, Canada, proved to be
identical with our species. The type and the
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description are consistent with our material,
except for the fact that the Nova Scotian type
specimen is clamped (Petersen 1986). Fenno-
scandian material is mostly clampless, how-
ever, few clamps have been found in some of
the examined specimens. More material from
eastern North America is needed to get know-
ledge of the whole morphological variation
of the species.

Fennoscandian material studied and confirmed
by DNA:

Norway

Akershus: Nannestad, Tomte Sept. 2, 1972,
Heiland (O-F121667).

Hedmark: Leten, Sept. 22, 2000, Fonneland
(O-F63955).

Buskerud: Kradsherad, Aug. 30, 2011, Hofton
THH-11297 (O).

Sweden

Ostergotland: Ljungsbro, Sept. 11, 2005, Séder-
berg (Herb. Soderberg).

Uppland, Fasterna: Aug. 29, 1984, Anderberg
(SF42835).

Dalarna: Soderbarke, Uvberget, Sept. 24, 2011,
Hermansson S-2672.

Finland

Satakunta: Alastaro, Virttaankangas, Oct. 7,
1990, 1K 90-2442 (H).

Eteld-Hdme: Vesilahti, ca. 1979, Punkari (H).
Eteld-Savo: Keriméki, Louhi, Sept. 8, 1998,
IK 98-1775 (H).

Pohjois-Karjala: Rautavaara, Pumpulikirkko,
Sept. 26, 2004, Kokkonen (H)

RAMARIA TESTACEOFLAVA GROUP
The group is characterized by the dark staining
of the context and surfaces and abundant
basal tomentum at the stipe base with much
litter and mosses attached.

This is an isolated, small group among
mycorrhizal Ramaria, including also Ramaria
bataillei, a rare nemoral-boreonemoral deci-
duous forest species in Fennoscandia, treated
in Brandrud et al. (2012).
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Ramaria testaceoflava (Bres.) Comer. Fig. 6.
Macromorphology: Branches initially yellow,
soon bicoloured, with ochre yellow tips and
smoke grey brown tinges subapically. Staining
dark lilac grey to vinaceous brown when
handled or cut. Taste bitter.

Microscopy: Spores cylindrical, sometimes
sway-backed, 10.2-11.5-13.4 x 4.5-4.9-5.4
pm (av. = 11.2-12.0 x 4.7-5.1 um), Q =
2.05-2.36-2.75 (Q av. = 2.22-2.46), (160
spores, 8 specimens), moderately verrucose,
warts narrow but fairly high, not in rows.
Both basidia and spores have yellowish gran-
ulose contents in MLZ. Basidia and tramal
hyphae with clamps. Basal tomentum hyphae
at the very base covered by needle-shaped
crystals, with clamps.

Habitat and distribution: Rather frequent —
occasional and widely distributed in low-herb
spruce forest (incl. younger plantations), rare
in low-herb pine forests. The species may
grow even in the most nutrient-poor low herb
spruce forests dominated by Vaccinium myr-
tillus. In Norway recorded north to Troms, in
Sweden to Norrbotten and in Finland to Inari
Lapland.

Notes: Ramaria testaceoflava is the most
common, widespread and well known mycor-
rhizal Ramaria species in Fennoscandia. It is
easily distinguished among the conifer forest
species by its colours, strongly lilac grey-
brownish staining of the context, peculiar
spores and abundant needle-shaped crystals
on basal tomentum hyphae.

Fennoscandian material studied and confirmed
by DNA:

Norway

Oppland: Nordre Land, Dokka, Sept. 12, 2000,
IK (H); Gran, Skjervumsbréatan, TEB 39-10.
Nord-Trondelag: Lierne KB, EB & TEB 22-
10 (0-F296242); Overhalla, Aug. 17, 1968,

AGARICA vol. 36

101






K. Bendiksen et al.

Figure 7. Ramaria botrytis. Norway, Mgre og Romsdal, Norddal, Ytreli, Holtan Sept. 11, 2010, TEB

260-10. Photo: K. H. Brandrud.

sensu Christan probably also with Picea. A
third species, presented here as R. ‘botrytis
coniferous’, is strictly connected to conifers
(mainly spruce). The names Ramaria rubri-
evanescens Marr & D.E. Stuntz and R. rubri-
permanens Marr & D.E. Stuntz have been
used for European species of R. botrytis
group (e.g. Christan 2008), but we have no
records of those species from Fennoscandia.

Ramaria botrytis (Pers.: Fr.) Bourdot. Fig. 7.
Macromorphology: Fruit bodies medium-sized
to large, when (very) young with purplish red
to lilac-pink branch tips, but usually soon
fading, entire fruit bodies becoming pale
greyish white, sometimes with vinaceous red
spots. Old fruit bodies get a beige ochre
shade from ripe spore mass covering the
branches.

Microscopy: Spores boletoid, with a promi-
nent suprahilar depression, 12.2—-14.5-17.2 x
4.5-5.5-6.3 pm (av. = 13.6-15.8 x 5.3-5.9
um), Q = 2.30-2.65-3.20 (Q av. = 2.48-2.84),
(210 spores, 10 specimens), strongly striate
with longitudinal, helical ribs. Basidia and

trama hyphae with clamps. Basal tomentum
hyphae smooth, with clamps.

Habitat and distribution: Ramaria botrytis is
one of the characteristic species in nemoral
and boreonemoral broad-leaved deciduous
forests, but it occurs also in warm boreo-
nemoral pine forests. Records from Norway
are from Quercus-Tilia- (and Fagus) forests
in coastal regions from Akershus to Sogn og
Fjordane and from dry, warm low-herb Pinus
forests, mainly in fjord areas in Mare og
Romsdal. The distribution is similar in
Sweden, where it is occasional from Skane to
Dalsland and Uppland. In Finland the species
is very rare, with only a couple of records
from Aland and Varsinais-Suomi. The distri-
bution and ecology resembles that of R.
flavescens, which is a more common species.

Notes: Ramaria botrytis differs from the other
species of the group by its large and very
strongly striate spores with distinctly tapering
apex. Ramaria ‘botrytis coniferous’ has some-
what smaller spores with rounded apex and
with narrower, denser and more helical ridges.
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