Persoonia 39, 2017: 175-200

www.ingentaconnect.com/content/nhn/pimj

ISSN (Online) 1878-9080 |
https://doi.org/10.3767/persoonia.2017.39.08

RESEARCH ARTICLE

Cortinarius section Bicolores and section Saturnini
(Basidiomycota, Agaricales), a morphogenetic overview
of European and North American species

K. Liimatainen’, X. Carteret?, B. Dima3®#, |. Kytévuori®, A. Bidauds,
P. Reumaux’, T. Niskanen', J.F. Ammirati®, J.-M. Bellanger?®

Key words

Bicolores

Cortinarius phylogeny
integrative taxonomy
Saturnini

Telamonia

Abstract Cortinarius is the largest genus of ectomycorrhizal fungi worldwide. Recent molecular studies have shown
high levels of morphological homoplasy within the genus. Importantly, DNA phylogenies can reveal characteristics
that have been either over- or underemphasized in taxonomic studies. Here we sequenced and phylogenetically
analysed a large set of pan-European and North American collections taxonomically studied and placed in Cortinarius
sect. Bicolores and sect. Saturnini, according to traditional morpho-anatomical criteria. Our goal was to circumscribe
the evolutionary boundaries of the two sections, to stabilize both the limits and nomenclature of relevant species,
and to identify described taxa which, according to our current understanding, belong to other lineages. Our analysis
resolves two clades: /Bicolores, including 12 species, one of which is new to science, and /Saturnini, including
6 species. Fifteen binomials, traditionally treated in these two sections based on morphology, do not belong to the
above two phylogenetic clades. Instead, six of these latter are clearly placed in other clades that represent sect.
Bovini, sect. Sciophylli, sect. Duracini and sect. Brunneotincti. The presence or absence of blue pigments and the
detection of specific odours emerge as clearly misleading taxonomic features, but more surprisingly, spore size
and ecology can be misleading as well. A total of 63 type specimens were sequenced, 4 neotypes and 2 epitypes

are proposed here, and 1 new combination is made.
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INTRODUCTION

Cortinarius is the largest genus of ectomycorrhizal fungi world-
wide, with no less than 4 701 reported taxa (3 360 species,
1 341 infraspecific taxa, http://www.catalogueoflife.org, 28 Sept.
2016 release). However, the number of species greatly varies
depending on the morphological species concept accepted
by classical authors. Currently, the two major monographs
dedicated to the genus are Cortinarius, Flora Photographica
(CFP), which includes + 300 species, mostly from northern
Europe (Brandrud et al. 2014), and the Atlas des Cortinaires
(ADC), still on-going and which so far recognizes + 2 500 spe-
cies, varieties and forms, mostly from France (Bidaud et al.
2015). Recent molecular studies have unveiled high levels of
morphological homoplasy as well as numerous cryptic species
within the genus, and as a result, do not support the broad
species concept of Scandinavian authors or the narrow one of
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French authors (e.g., Liimatainen et al. 2014a). Importantly, by
identifying evolutionary units that are independent of morpho-
anatomical and ecological traits, DNA phylogenies revealed
characters that have been overemphasized in monographic
studies but also uncovered significant taxonomic information
that has been neglected by previous investigators (Bellanger et
al. 2015, Loizides et al. 2016). The use of these modern tools a
posteriori, to test the autonomy of previously defined morpho-
logical species, has been instrumental in delineating objective
boundaries to taxa, and when applied to type material, stabi-
lizes taxonomy and nomenclature at the genus level (Frgslev
et al. 2007, Liimatainen et al. 2014b, Cripps et al. 2015). The
next challenge of this nascent integrative systematics era is
undoubtedly to synchronize the two sources of knowledge, so
that on-going monographs introduce morphogenetic species,
i.e., taxa that are both assigned formal diagnosis and a unique
molecular signature.

Historically, mycologists have attempted to tackle the complexity
of Cortinarius by organizing species in hierarchical infrageneric
taxa defined on supposedly stable sets of characteristics
(Kihner & Romagnesi 1953, Moser 1967, Melot 1990, Moénne-
Loccoz & Reumaux 1990). In spite of their practical application,
most of these lower level taxonomic divisions have proven to
be artificial when placed under evolutionary scrutiny (Garnica
et al. 2005). Subgenus Telamonia, however, breaks this rule
as most of the numerous species known to date that produce
dry-capped basidiomata lacking vivid colours — the morphologi-
cal definition of the subgenus and excluding a few sections as
sect. Obtusi, Balaustini, lllumini — form a strongly supported
monophyletic clade in all published molecular studies (Peintner
et al. 2004, Stensrud et al. 2014). Recently, several sections
within Telamonia have been phylogenetically revised, such as
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sect. Armillati, Brunnei, Bovini and Disjungendi and more are on
their way to morphogenetic redefinition (Niskanen et al. 2009,
2011, 2013, Liimatainen et al. 2014a).

Here we deal with Cortinarius sect. Bicolores and Cortinarius
sect. Saturnini, which encompass Cortinarius evernius, C. sa-
turninus and their lookalikes. Initially, the two sections were
distinguished by the extent of veil remnants on the stipe, a
character considered by some authors to segregate subg.
Hydrocybe from subg. Telamonia (Moénne-Loccoz & Reumaux
1990). However, this morphological feature may not be support-
ed phylogenetically, justifying the revision of the two sections
altogether (Niskanen et al. 2012). Eight to thirty-three species
have been described in sect. Bicolores and sect. Saturnini in
the major European monographs, from the pioneering work of
Kihner & Romagnesi (1953) to the latest two releases of the

ADC (Bidaud et al. 2014, 2015), in which part of the results
presented here have been incorporated (Table 1). The specific
goals of the present work are:

1. to circumscribe the phylogenetic boundaries of the two
sections, through the analysis of a large internal tran-
scribed spacer (ITS) rDNA sequence dataset built from
pan-European and North American vouchered collections;

2. to stabilize the nomenclature and species limits of morpho-
genetic Bicolores and Saturnini, through sequencing type
material and designating neotype or epitype when oppor-
tune;

3. toassign a molecular signature to the numerous collections
taxonomically placed in these two sections in contemporary
monographs, but that do not belong in the two clades.

Table 1 Cortinarius species classified in sections Bicolores and Saturnini by the main European authors.

This study Bidaud et al. (1992, 2014, 2015)

Brandrud et al. (1990, 1994,
1998), Niskanen et al. (2012)

Moser (1967) Kuhner & Romagnesi

(1953)

Sect. Bicolores Sect. Bicolores

Sect. Bicolores

Key 3.11.7.6.11 Sect. Bicolores

Cortinarius cagei C. minicolor, C. cagei
C. periodolens ad. int.

C. dolabratoides sp. nov.

C. dolabratus C. imbutoides

C. evernius C. evernius, C. parvulior ad. int. C. evernius

C. glaphurus C. tubulosus, C. paranomalus (Sat.)

C. hircinosmus C. livor

C. plumulosus C. fundatus

C. refectus C. refectus, C. testaceoviolaceus

C. sp1

C. sp2

C. tortuosus C. tortuosus C. tortuosus

C. turgidipes

C. cinnamoviolaceus C. cinnamoviolaceus, C. parevernius, C. imbutus
C. basicyaneus

C. disjungendus C. cyanosterix

C. mattiae C. mattiae C. mattiae

C. parevernioides
C. salicinus

C. parevernioides

C. salicinus, C. deceptivoides
C. quadricolor

C. bicolor? C. bicolor?
C. evernius, C. scutulatus C. evernius
C. livor?

C. bicolor? C. bicolor?
C. bicolor? C. bicolor?

C. plumbosus C. tortuosus, C. plumbosus

C. cinnamoviolaceus,
C. parevernius

C. parevernius

C. subviolascens

Sect. Saturnini

Sect. Saturnini

Sect. Firmiores + sect. Telamonia

Key 3.11.7.6.11

Sect. Bicolores

C. confirmatus C. confirmatus
C. cyprinus C. cyprinus
C. imbutus C. imbutus C. vilior C. imbutus
C. lucorum C. lucorum C. lucorum C. lucorum, C. umidicola
C. saturninus C. saturninus C. saturninus, C. subtorvus C. saturninus,
C. deceptivus,
C. subtorvus
C. stuntzii
C. cypriacoides C. cypriacoides C. cypriacus C. cypriacus
C. furiosus C. furiosus
C. nefastus C. nefastus
C. serratissimus* C. saturninoides C. serratissimus C. saturninus
C. sciophylloides C. sciophylloides
C. subbulliardioides* C. illepidus
C. subfirmus C. subfirmus
C. suboxytoneus C. suboxytoneus, C. fuscocinctus
C. sciophyllus C. sciophyllus
C. castaneus C. castaneus
C. calopus
C. torvus
C. impennis

C. myrtillinus

Bold names indicate sequenced species. Dotted lines separate morphogenetic species included in /Bicolores and /Saturnini (upper parts) from those (morphological species, lower parts) phylo-
genetically unrelated to the two clades. (Sat.), Saturnini. Asterisk indicates unpublished data of nomenclatural significance.
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MATERIAL AND METHODS

DNA extraction, amplification and sequencing

The material analysed in the present work was made available
to us by the public herbaria of the University of Helsinki (H,
Finland), the Muséum National d’Histoire Naturelle de Paris
(PC, France), the Swedish Museum of Natural History (S,
Sweden), the Conservatoire et Jardin botaniques de la Ville
de Geneve (GK & G, Switzerland), the Universitat Innsbruck
(1B, Austria), the University of Michigan (MICH, USA), and the
University of Washington (WTU, USA), as well as by European
field mycologists (Table 2). Scandinavian, North American,
and part of the French material was extracted, amplified, and
sequenced following Liimatainen et al. (2014b). DNA extraction
and PCR amplification of most of the French and south Euro-
pean material was conducted with the REDExtract-N-Amp'™
Plant PCR Kit (Sigma-Aldrich, St. Louis, MO, USA), following
the manufacturer’s instructions. The internal transcribed spac-
ers and 5.8S rDNA (ITS) was amplified from each collection,
with the ITS-1F/ITS-4b primer pair (Gardes & Bruns 1993) as
described in Richard et al. (2015). When no band was detected
by agarose-gel electrophoresis analysis, one microliter of the
PCR product was used as template in a second PCR using
the ITS1F/ITS4 primer pair (White et al. 1990). The remaining,
most problematic extracts, were submitted to separate ITS1F/
ITS2 and ITS3/1TS4 PCRs (White et al. 1990). Amplicons were
purified and sequenced by Eurofins Genomics, Ebersberg,
Germany. Raw sequence data were edited and assembled with
Codon Code Aligner 4.1.1 (CodonCode Corp., Centerville, MA,
USA) and deposited in GenBank under the accession numbers
indicated in Table 2.

Datasets

Out of the 348 sequences analysed in the present study, 290
(83 %) have been newly generated from vouchered material
collected and taxonomically studied by expert field mycolo-
gists, biased towards French authors. In an effort to stabilize
nomenclature, 63 sequences were obtained from type collec-
tions, which, together with 26 additional publically available
sequences, represent more than a quarter of type material
(89 out of 348) within the whole dataset. Also, to further contri-
bute to fix the usage of some well-known binomials, especially
when reference material was not available or not amenable to
successful sequencing, we included in the dataset 24 Species
Hypothesis representative sequences (‘SH repseq’) from the
UNITe database (Kdljalg et al. 2013). These phylogenetic spe-
cies can be labelled or not and their name may be misapplied,
but because they are built from sequences of wide origins,
their occurrence in a subclade often extends our knowledge
of the biogeographical distribution and sometimes the ecology,
of the corresponding species. Dataset 1 (analysed in Fig. 1)
includes 343 Telamonia sequences that belong in the /Bicolores
and /Saturnini clades as well as collections phylogenetically
or morphologically related to species traditionally treated in
the two sections, as well as 5 sequences from sect. Anomali
and subg. Phlegmacium as outgroup. We intended to define
phylogenetic boundaries and robustness of the two sections
and to reveal phylogenetically positions of species that were
formerly classified in the morphological sections Bicolores and
Saturnini, but are not part of the phylogenetic clades /Bicolores
or /Saturnini. Datasets 2 and 3 (analysed in Fig. 2 and 3, re-
spectively) focus on the species content of the revised sections
and include, respectively, 124 and 131 sequences.

Phylogenetic analyses

Phylogenetic analyses were all performed online at phylogeny.
lirmm.fr (Dereeper et al. 2008) and on the CIPRES Science

Gateway (www.phylo.org/index.php/). Multiple sequence align-
ment was carried out with MUSCLE 3.7 (Edgar 2004 ) using full
processing mode and 16 iterations. When required, alignments
were edited with Gblocks 0.91b, set to lowest stringency in
the selection of conserved blocks (Castresana 2000, Talavera
& Castresana 2007). Maximum likelihood (ML) phylogenetic
analyses were performed with PhyML 3.0 (Guindon et al. 2010),
using the GTR + | + ' model of evolution. Branch support was
assessed using the non-parametric, Shimodaira-Hasegawa,
version of the approximate likelihood-ratio test (SH-aLRT),
implemented in the latest release of PhyML and which ensures
high accuracy when SH-aLRT > 0.8 (Anisimova et al. 2011,
Bellanger et al. 2015). Bayesian inference of phylogeny was
performed using MrBayes 3.1.2 (Ronquist & Huelsenbeck
2003). Two runs of four Monte Carlo Markov Chains each were
performed for 1 000 000 generations, with stationarity conver-
gence estimated by the Potential Scale Reduction Factor = 1
(Gelman & Rubin 1992). Trees and parameters were sampled
every 1 000 generations (1 000 trees). The initial burn-in was
set to 25 % (250 trees). A 50 % majority-rule consensus phy-
logram was computed from the remaining trees with Bayes-
ian posterior probabilities (BPP) reported as percentages on
supported branches of the phylograms. Trees were visualized
using FigTree 1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/)
and edited with Inkscape 0.91 (https://inkscape.org/fr/).

Morpho-anatomic analyses

Microscopic characteristics were observed from dried mate-
rial mounted in Melzer’s reagent. The pileipellis structure was
studied from both freehand radial and scalp sections from the
pileus centre. The measurements of the elements of pileipellis
were made from scalps. Basidiospores were measured from
the veil or top of the stipe. Sporograms depicted in Fig. 4 have
been mounted following the method of the ADC, described in
Bidaud et al. 1994. Briefly, spores have been observed and
measured at the 1 000x magnification and 8 of them drawn
and aligned by increasing length order (0.5 pm step).

RESULTS

Our analysis resolved two strongly supported clades, referred
to as /Bicolores (BPP =99 %, SH-aLRT = 0.92) and /Saturnini
(BPP =100 %, SH-aLRT = 0.88) in the present work, and that
include most representative European species described in
sect. Bicolores and sect. Saturnini, respectively (Fig. 1, Table 2).

In its current sampling, /Bicolores includes 12 species, each
represented by 1 to 23 sequences (Fig. 2, Table 2). Sequenc-
ing existing type material and designating 1 neotype (C. cagei)
and 2 epitypes (C. dolabratus and C. refectus), we stabilized
9 names and identified 8 synonymous binomials at the spe-
cies rank. In addition, we describe C. dolabratoides as a new
species akin to C. dolabratus and so far found in Finland and
France. We postponed naming the North American C. sp1
and the Finnish C. sp2, awaiting further sampling to formally
describe them. Overall, our work confirms C. cagei, C. ever-
nius, C. plumulosus, C. refectus and C. fortuosus as genuine
members of the revised sect. Bicolores, but it also reveals that
C. dolabratus, C. glaphurus, C. hircinosmus and C. turgidipes,
previously reported in other sections of Telamonia, actually
belong in the section as well.

Intraspecific ITS variability in /Bicolores was generally low, with
a maximum number of changes D, max = 3 nucleotide (nts)
in the case of C. dolabratus, representing 0.5 % of sequence
divergence. Most species in the clade do not vary at all or only

by one substitution and one or two indels in spite of transcon-

(text continues on p. 185)
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KM273103

na

FS na

na

na
na

niveotraganus

SH188538.07FU (8 sequences)
TN 07-191, H:7000854

RH 70239
CFP 765

C. niveotraganus

KM273091
KP013203

IF 186: 2 (2014)

Canada
France

2007

olididisjungendus (holotype)
orasericeus (holotype)
quarciticus (holotype)

C. olididisjungendus

C. orasericeus
C. quarciticus

PC

SMF 99(1): 69 (1983)
CFP: C59 (1994)

1975
1988

R. Henry

UDBO000748

Sweden

T.E. Brandrud, H. Lindstrom,

H. Marklund, S. Muskos

R. Henry
M. Moser

DQ139984

SMF 97(3): 196 (1981)

na
na

France

<1981
1986
na

sordidemaculatus (holotype)

bovinus cf.
aprinus

RH 1122

C. sordidemaculatus

C. sp.
C. sp.

DQ139983
AJ889942

1B

Austria

1B 86/172

Denmark
Sweden

T. Freslev

TF-01-034
IK 11-017

KP 165552
FJ928484

IF 201: 4 (2014)

2011
na

1. Kytévuori

na

subserratissimus (holotype)

subturibulosus

C. subserratissimus
C. subturibulosus
C. tacitus

C. torvus
C. urbicus

na

France/Spain/Portugal na

SH188545.07FU (7 sequences)

AB 05-09-72

KX964583

PC
na
na

AC 22: 11400 (2014)

na
na

France

2005
na
na

A. Bidaud

na
na

tacitus (holotype)

torvus

UDBO001345

NA/FS/Germany
Canada/FS

OuTGROUP

SHO009362.07FU (10 sequences)

UDB000743

urbicus

SH188612.07FU (3 sequences)

FJ717605

WTU

IF 93: 1 (2014)

na

USA

2007
na

J.F. Ammirati

na

anomalovelatus (holotype)

anomalus

JFA13109

C. anomalovelatus

UDB002227
DQ663239
KF732554

na
G

SH196665.07FU (12 sequences)

Sa57-13

C. lepidopus sensu auct.
C. caesiocinctus

C. flavipallens

C. sannio

DM 20(77): 92 (1989)

France

1957
2008

R. Kiihner

caesiocinctus (holotype)
flavipallens (holotype)

sannio (holotype)

H

Persoonia 33 : 125 (2014)

Finland
USA

1. Kytévuori
M. Moser

IK 08-1729, H:6032393

KF732420

1B

Mycotaxon 72 : 315 (1999)
CFP, Cortinarius, Flora Photographica; AC, Atlas des Cortinaires; FN, Funga Nordica; DM, Documents Mycologiques; SMF, Bulletin de la Société Mycologique de France; FMDS, Bulletin de la Fédération Mycologique Dauphiné-Savoie; JEC, Journal des Journées Européennes du

1997

MM 97/352, 1B:1997/0352

Cortinaire; K&R, Flore analytique des Champignons supérieurs (Kiiehner & Romagnesi); IF, Index Fungorum; ASFFF, Acta Societatis pro Fauna et Flora Fennica; BFNF, Bidrag till kdnnedom av Finlands Natur och Folk; NA, North America (USA, Canada); FS, Fennoscandia (Denmark,

Sweden, Norway, Finland, Estonia, Lithuania, Latvia); U, Europe.

* Sequences generated for the present work are highlighted in bold.

tinental biogeographical distribution in some cases (Table 3).
Minimal interspecific phylogenetic distances D, min range
from 3 to 9 substitutions plus 2—4 indels, representing 0.5-2 %
of sequence divergence. Those are, with one exception, longer
than D, . max for a given pair of sister species clades (Table
3). The topology of /Bicolores strongly supports two distinct
lineages within the section, one including C. cagei, C. evernius,
C. plumulosus, C. refectus, C. sp1and C. sp2, and another one
including C. dolabratoides, C. dolabratus, C. glaphurus, C. hir-

cinosmus, C. tortuosus and C. turgidipes (Fig. 2).

As sampled here, /Saturnini includes 6 species in Europe
and North America, each represented by 1 to 44 sequences
(Fig. 3, Table 2). Sequencing existing type material revealed
a much higher rate of synonymy when compared to species
in /Bicolores, with 17 binomials identified as later names for
C. confirmatus, C. imbutus, C. lucorum or C. saturninus. Acom-
paratively wider species concept has emerged in this section,
as illustrated by the case of C. saturninus, which merged not
less than 9 holotypes previously reported to belong in unrelated
sections. The considerable rise in species polymorphism result-
ing from such finding has been dealt with at the infraspecific
taxonomic level in the last release of the ADC (Bidaud et al.
2015). In order to stabilize the nomenclature and fix the concept
of species widely accepted as genuine members of the Saturnini
section — or interpreted by some authors in sect. Bicolores,
we designated neotypes for C. saturninus, C. imbutus and
C. lucorum (see Taxonomy). Our work also positioned C. stuntzii
and a morphogenetic, widened concept of C. confirmatus in the
revised section, and it unravelled C. cyprinus as an overlooked
species in sect. Saturnini (Fig. 3, Table 2, 3).

Intraspecific phylogenetic distances were considerably larger
in /Saturnini when compared to /Bicolores, with a D, . max up
to 6 substitutions plus 1 indel, representing 1.2 % of sequence
divergence, only considering sequences with trace files (Table
3). The interspecific genetic distance within the clade is of 3
substitutions plus up to 5 indels, representing 0.5-1.3 % of
sequence divergence, except for C. lucorum, which is more
distantly related to the other species (D, min = 16 substitu-
tions plus 3 indels to C. confirmatus, representing 3.1 % of
sequence divergence). Although not significantly lower than
in /Bicolores, these distances exceed D, . max values only
for C. cyprinus and C. lucorum (Table 3). The topology of the
phylogenetic tree depicted in Fig. 3 indicates that C. lucorum
represents an early-diverging lineage in the section and it
supports C. saturninus, C. cyprinus and C. stuntzii as part of a

distinct lineage within /Saturnini.

The wide survey of subg. Telamonia depicted in Fig. 1 also al-
lows phylogenetic positioning of morphological Bicolores and
Saturnini, i.e., of those species that have been included in the
two sections based on purely morpho-anatomical criteria, but
which evolutionary history is unrelated to that of /Bicolores and
/Saturnini. Eight binomials usually treated in Bicolores could
be assigned to five morphogenetic species (Fig. 1, Table 1):
C. cinnamoviolaceus (incl. C. parevernius, C. subparever-
nius, C. basicyaneus and C. imbutus sensu CFP), C. mattiae,
C. parevernioides, C. salicinus and C. disjungendus. Similarly,
ten species formerly treated in Saturninibased on morphology,
turned out to be phylogenetically distant from /Saturnini. Six
of them could further be assigned to other known sections:
C. cypriacoides, C. subfirmus and C. illepidus in sect. Bovini,
C. saturninoides in sect. Sciophylli, C. oxytoneus in sect. Dura-
cini and C. sciophylloides in sect. Brunneotincti (Fig. 1, Table 1).

(text continues on p. 190)
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"";’&—— /Saturnini (Fig. 3)
Cortinarius subgen. Telamonia pp | pe————=mmmlll /Bicolores (Fig. 2)
ITS BI+ML phy|°geny w07 Cortinarius tacitus AB05-09-72 HOLOTYPE France
q - Comnanus illepidus AB11-11-331 France
LnL (harmonic mean) = - 5537.69 V_E ) AB11-11.330 P
Parsimony (ML) :688 LLs l— Cortinarius subfirmus AB08-10-363 HOLOTYP!
Tree size (ML) -1.51079 971042 Cortinarius neofurvol: CFP1438 HOLOTYPE Sweden
Ali t th :543 nt 63 Comnanus amsa(us CFP1200 HOLOTYPE Sweden
ignment lengtn : nis c SH188519.07FU NA-FS-France (9 seq)
Nb of sequences :348 (419) 075 Cortinari inaster 1K09-537 HOLOTYPE Noi
Nb of species 67 ,_l I— Cortinarius bovinus cf. 1B86/172 Austria
Cortinarius aprinus TF01-034 Denmark
Cortinari bovmus IK04 038 NEOTYPE Finland

1001077 C IK01.030 HOLOTYPE Estonia

60/- [ asp. cyp des PM|
Cortinarius cyprlacordes asp. lucorum PML3979 Fral
Cortinarius asp. cypriacoi PML1269 H

Cortinarius cinnamoviolaceus AB12-11-240 France
Cortinarius imbutus CFP574 Sweden
73/- Cortinarius parevernius RH3258a78 HOLOTYPE France
| Cortinarius cinnamoviolaceus 1B48/590 HOLOTYPE Austria (¢
Cortinarius subparevernius RH526 HOLOTYPE France (short)
Cortinarius cylindratus RH4000 HOLOTYPE France
Cortinarius dolabratus AB02-10-71 France
COnlnarIus basicyaneus RH70942 HOLOTYPE France
RH1240 HOLOTYPE France
LComnanus cinnamoviolaceus TN05-198 Finland
Cortinarius cinnamoviolaceus TN05-051 Finland
SH188640.07FU Sweden-Italy (2 seq)
Cortinarius mattiae AB06-09-153 France
Cortinarius subviolascens PML650 France
Cortinarius subviolascens AB99-09-77 France
Cortinarius mattiae PML3989 France
[~ Cortinarius mattiae PML2298 France
[~ Cortinarius mattiae 1K98-001 Finland
|- Cortinarius mattiae AB13-08-35 France
|- Cortinarius mattiae H6000560 Finland
|- Cortinarius mattiae CFP1204 Sweden
|- Cortinarius mattiae IK01-039 Sweden
S I Cortinarius sp. SH009438.07FU Canada (1 seq)
I Cortinarius mattiae H6029375 Finland
56/ L Cortinarius mattlae KS-CO1936 ISOTYPE Sweden
] C DBB27618 HOLOTYPE USA
Cortinarit SH1 4.07FU USA-Estonia-ltaly (3 seq)
Cortinarius saturninoides XC2010-56 France
Cortinarius saturninoides XC2013-144 France
Cortinarius saturninoides XC2014-119 France
Cortinarius oxytoneus RH3451 France
Cortinarius saturninoides AB00-10-148 France
Cortinarius saturninoides AB12-10-93 France
Cortinarius saturninoides XC2014-64b France
Cortinarius saturninoides XC2010-29 France
Cortinarius subserratissimus 1K11-017 HOLOTYPE Sweden
Cortinarius disjungendus PAK4370 LECTOTYPE Finland
75/"’EEE Comnamls cyanosterix RH338 HOLOTYPE France _
C RH70239 HOLOTYPE France
Cortinari i RH2334 HOLOTYPE France
94/ Cortinarius olididisji dus H7000854 HOLOTYPE Canada

Cortinarius oxytoneus RH931 HOLOTYPE France
Cortinarius rigens SH094372.07FU NA-Italy (6 seq)
Cortinarius sp. SH188648.07FU Denmark-Germany (2 seq)
Cortinarius duracinus PML349 NEOTYPE France
Cortinarius parevernioides AB02-09-50 HOLOTYPE France
Cortinarius malachius SH188502.07FU NA-U (15 seq)
Cortinarius suboxytoneus AB01-09-56 HOLOTYPE France
Comnanus sp. (ecto. Fagus) MFT60 Germany

5".] Corti SH188487.07FU NA-U (26 seq)
Cortinarius q iticus CFP765 HOLOTYPE Sweden
Cortinarius biformis SH188479.07FU NA-U (41 seq)
l Cortinari i ié H7000901 HOLOTYPE Canada

Cortinarius murinascens 1K08-958 HOLOTYPE Finland
Cortlnanus urblcus SH188612.07FU Canada-FS (3 seq)
C SH188538.07FU FS (8 seq)
Cortinarius torvus SH009362.07FU NA-FS-Germany (10 seq)
I:Coninarius sciophylloides PML5446 France

55/-

Cortinarius sciophylloides PML2381 France
valgus SH188568.07FU Canada-U (6 seq)

91/- L— Cortinarius sciophylloides AB99-10-254 HOLOTYPE Fi
| Cortlnarlus sciophylloides AB91-10-291 France
JB604808 HOLOTYPE Spain ) ]
Cortinarius subturibulosus SH188545.07FU France-Spain-Portugal (7 st
,_1 l—— Cortinarius salicinus XC2014-03 HOLOTYPE anﬂ
Cortinarius gallurae CONS00076 HOLOTYPE Italy
Ll L c ipiens PML366 NEOTYPE France

Cortinarius nefastus XC2014-60 HOLOTYPE France
Cortinarius brunneifolius TN-06146 HOLOTYPE Finland

Cortinarius sp. (ecto. Quercus) LM5411 Austria
%'_L Cortinarius furiosus XC201464c HOLOTYPE France
i H6001898 HOLOTYPE Finland
Cortinarit I JFA13109 HOLOTYPE USA

— - .
C lepid s. auct. SH196665.07FU U (12 seq)

981066 Cortinarius sannio 1B97/352 HOLOTYPE USA Outgroup
,_‘_‘— Cortinarius flavipallens K08-1729 HOLOTYPE Finland
C jocinctus Sa5713 HOLOTYPE France

0.02 substitution per site
Fig. 1 Sections Bicolores and Saturnini within subg. Telamonia. — Bayesian 50 % majority-rule consensus tree inferred from the analysis of 348 ITS se-
quences (419 represented, due to Species Hypotheses, see Material and Methods) spanning subg. Telamonia plus 5 outgroup sequences, with collapse of
the /Bicolores and /Saturnini clades that are developed in Fig. 2 and 3, respectively. Branches with strong statistical support (BPP = 95 % and SH-aLRT > 0.8)
are highlighted as thick lines, others display support values as % BPP/SH-aLRT. Species excluded from these two clades but morphologically included in sect.
Bicolores and sect. Saturnini and for which molecular data are available, are indicated by (Bic) and (Sat), respectively. Sequences of collections taxonomically
described in these two sections are highlighted in bold. Section assignment follows Niskanen et al. (2012).
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— Cortinarius tortuosus PML3551

|— Cortinarius tortuosus SH094369.
|— Cortinarius tortuosus AB01-09-1

85/-

|— Cortinarius tortuosus PML1225

|— Cortinarius tortuosus AB96-08-1

|— Cortinarius glaphurus XC2011-212 Franc

|— Cortinarius tubulosus AB03-11-87 HOLOTYPE France
|— Cortinarius tubulosus AB08-11-445 France
|— Cortinarius cedriosmus AB92-10-350 HOLOTYPE France

67/-

C AB92-10-332
|— Cortinarius sp. SH094485.07FU Poland (.

|— Cortinarius glaphurus AB99-11-345 France
|— Cortinarius glaphurus AB14-11-138 France

Cortinarius turibulosus AB91-11-360
|— Cortinarius turibulosus PML2390 France

|— Cortinarius violaeolens XC2009-41 HOLOTYPE France

+— Cortinarius glaphurus XC2009-64 France

80/~

L— Cortinarius paranomalus GK1142 HOL!

Cortinarius tortuosus 1B79/533 NEOTYPE Sweden (short)

|— Cortinarius tortuosus AB96-10-124 France
|— Cortinarius tortuosus PML1214 France
Cortinarius tortuosus TN09-046 USA
|— Cortinarius tortuosus CFP493 Norway
|— Cortinarius tortuosus 1K99-709 Finland
Cortinarius tortuosus TN07-307 Canada
|— Cortinarius tortuosus TN10-087 Canada
|— Cortinarius tortuosus AB02-09-41 France

|— Cortinarius tortuosus TN05-006 Finland
Cortinarius laetior PAK354 HOLOTYPE Finland (short)

|— Cortinarius flabelloides XC2008-43 HOLOTYPE France

|— Cortinarius tortuosus PML386 France

— Cortinarius tortuosus AB95-09-34 France

951- Cortinarius turibulosus SH094444.07FU NA-France (3 seq)
I: Cortinarius glaphurus TN12-221 USA

Cortinarius glaphurus RH71421 HOLOTYPE France

{— Cortinarius glaphurus AB03-10-56 France

Cortinarius turibulosus PML1067 France (short)

France

.07FU USA-U-Japan (7 seq)
9 France

France

9 France

France (short)
2 seq)

France (short)

OTYPE France
Cortinarius hircinosmus AB04-10-357 France
Cortinarius scriptor AB97-10-341 France
Cortinarius livor AB02-09-32 France
Cortinarius hircinosmus H6033565 Finland

65/0

[— Cortinarius dolabratus AB89-11

Cortinarius dolabratus

|— Cortinarius dolabratus AB13-10-120 France
|— Cortinarius dolabratus AB01-09-41 France

|— Cortinarius dolabratus CFP990 EPITYPE Sweden

|_ Cortinarius hircinosmus F44390 Sweden
Cortinarius hircinosmus PML334 HOLOTYPE France
-309 France

AAB04-09-169 France

|— Cortinarius dolabratus H60335

[— Cortinarius dolabratus IK95-34
|— Cortinarius dolabratus 1K95-15!

|— Cortinarius dolabratus TN11-246 USA

|— Cortinarius dolabratus TN02-1095 Finland
|— Cortinarius imbutoides KS-CO1576 Sweden
|— Cortinarius phaeoruber RH80814 HOLOTYPE France
|— Cortinarius dolabratus TN03-1713 Slovakia
75-__|— Cortinarius dolabratus SH188528.07FU NA-FS-Slovakia (10 seq)
|— Cortinarius dolabratus TN09-196 USA
|— Cortinarius dolabratus AB98-09-94 Canada
|— Cortinarius dolabratus TN02-959 Finland
|— Cortinarius dolabratus TN09-139 USA

|— Cortinarius dolabratus XC2013-103 France

[— Cortinarius dolabratus TN12-200 USA
|— Cortinarius imbutoides AB04-09-186 HOLOTYPE France
L— Cortinarius imbutoides KS-CO1290 Sweden

— Cortinarius dolabratus 1K02-033 Finland
Cortinarius dolabratoides H6033615 Finland
Ecam'nan'us dolabratoides AB07-08-48 France

19 Finland

7 Finland
76 Finland

toides H6033567 HOLOTYPE Finland

Cortinarius dolabra
Cortnart

Cortinarius dolabratoides H6033570 Finland
Cortinarius dolabratoides IK01-062 Finland

Cortinarius turgidipes AB93-10-425 HOLOTYPE France

E Cortinarius dolabratoides H6033575 Finland

1K04-051 Finland

Cortinarius refectus AB05-09-138 France

Cortinarius testaceoviolaceus AB92-10-293 France
Cortinarius refectus PML2159 France

Cortinarius refectus AB04-10-321 France

Cortinarius refectus AB96-09-73 EPITYPE Germany
Cortinarius refectus PML769 France

Cortinarius scriptor AB94-10-268 France

Cortinarius refectus IK96-1031 Germany

791 Cortinarius refectus PML17 France

0,005 subsiitution per site

Cortinarius refectus AB99-09-121 France

Cortinarius plumulosus PML3308 France
Cortinari TN04-730 Finland (short)
IECam'narius fundatus AB98-09-119 Canada

Cortinarius fundatus AB10-09-183 France
Cortinarius plumulosus 1K98-1612 Finland
Cortinarius minicolor AB92-10-256 France
Cortinarius cagei PML1057 France
Cortinarius cagei SH188634.07FU Germany-Italy (2 seq)
91/0.94 Cortinarius cagei CFP1260 Sweden NEOTYPE
Cortinarius cagei PML3588 France
Cortinarius minicolor PML738 France
Cortinarius minicolor AB04-09-266 France
Cortinarius periodolens ad int. XC2014-02 France
Cortinarius sp. UBCOGTR194 Canada
[ o tinarius sp. TN12-217 USA
|— Cortinarius evernius AB04-09-212 France
|— Cortinarius evernius PML376 France
|— Cortinarius evernius SH188514.07FU Canada-FS-Germany (11 seq)
|— Cortinarius evernius TN05-238 Norway
— evernius f. AAB00-09-83 HOLOTYPE France
|— Cortinarius evernius PML230 France
|— Cortinarius evernius TN07-328 Canada
|— Cortinarius evernius f. AB91-08-42 France
|— Cortinarius evernius TN07-223 Canada
|— Cortinarius parvulior ad int. AB96-09-47 France
|— Cortinarius evernius f. fragrans PML1727 HOLOTYPE France
|— Cortinarius evernius IK97-123 Finland
|— Cortinarius evernius TN07-312 Canada
|— Cortinarius evernius CFP792 NEOTYPE Sweden
|— Cortinarius evernius IK00-038 Finland
|— Cortinarius evernius PML622 France
|— Cortinarius evernius TN10-054 Canada
|— Cortinarius evernius var. insignis AB09-07-44 France
|— Cortinarius evernius TN10-055 Canada
|— Cortinarius evernius PML212 France
I— Cortinarius evernius var. evernius PML3469 France

_— Cortinarius evernius TN10-074 Canada

Cortinarius sp. TN05-033 Finland

Cortinarius tortuosus

Cortinarius plumulosus RH3417 HOLOTYPE France
E Cortinarius fundatus PML657 France

Cortinarius sect. Bicolores
ITS BI+ML phylogeny

LnL (harmonic mean) = -1488.69
Parsimony (ML) :71

Tree size (ML) :0.1456

Alignment length :608 nts

Nb of sequences :124 (153)
Nb of species :12

Cortinarius glaphurus

Cortinarius dolabratus

Cortinarius dolabratoides

Cortinarius turgidipes

Cortinarius hircinosmus

Cortinarius refectus

Cortinarius plumulosus

Cortinarius cagei

Cortinarius sp1

Cortinarius evernius

Cortinarius sp2

Fig.2 The morphogenetic Bicolores section. — Bayesian 50 % majority-rule consensus tree inferred from the analysis of the ITS sequence of 124 (153 repre-
sented, due to Species Hypotheses, see Material and Methods) Telamonia sequences nested in /Bicolores. Branches with strong statistical support (BPP = 95%
and SH-aLRT > 0.8) are highlighted as thick lines, others display support values as % BPP/SH-aLRT. Sequences from ‘type’ material are highlighted in bold,
those having nomenclatural priority are further underlined.
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Cortinarius imbutus 1K97-1162 NEOTYPE Finland
Cortinarius imbutus 1K98-2242 Sweden ii i ini
Cortinarius imbutus ABO8-10-307 France Cortinarius sect. Saturnini
Cortinarius imbutus asp. imbutus AB09-11-471 France ITS BI+ML phylogeny
Cortinarius imbutus asp. imbutus AB98-10-358 France . —
Cortinarius imbutus asp. imbutus AB10-10-237 France LnL (harmonic mean) = -1530.69
[— Cortinarius imbutus asp. imbutus PML375 France i .
|— Cortinarius imbutus asp. laetior XC2013-13 France Pars'"_]ony (M L) 65
|— Cortinarius imbutus asp. saturnalis XC2014-77 France Tree size (M L) :0.11305
|— Cortinarius betulaecomes RH3123 HOLOTYPE France . .
[— Cortinarius imbutus AB02-09-58 France Ahgnment Iength 1613 nts
|— Cortinarius imbutus asp. imbutus XC2002-107 France .
[— Cortinarius imbutus AB02-10-106 France Nb Of sequ_ences 131 (1 73)
|— Cortinarius imbutus asp. imbutus AB04-09-228 France Nb of species :6
[— Cortinarius imbutus asp. imbutus XC2002-106 France
[— Cortinarius imbutus XC2012-96 France . N .
|— Cortinarius saturninus SH188563.07FU Canada-Estonia-China (6 Cortinarius imbutus
[— Cortinarius imbutus AB00-09-127 France
Cortinarius RH71030 France
|— Cortinarius imbutus asp. imbutus XC2002-108 France
|— Cortinarius imbutus TN11-257 USA
[— Cortinarius imbutus XC2002-109 France
[— Cortinarius imbutus TN05-167 Finland
[— Cortinarius imbutus TN11-151 USA
|— Cortinarius imbutus asp. imbutus XC2002-122 France
[— Cortinarius laccatus PML4557 HOLOTYPE France
[— Cortinarius imbutus JMB2008092703 France
[— Cortinarius imbutus TN11-252 USA
|— Cortinarius imbutus asp. vilior XC2007-104 France
|— Cortinarius imbutus asp. saturnalis XC2014-61 France
[— Cortinarius imbutus TN11-150 USA
‘— Cortinarius imbutus 1K94-1236 Finland
Cortinarius confirmatus asp. assiduus AB02-11-201
Cortinarius confirmatus asp. subcylindratus XC2013-11
5810.92 Cortinarius confirmatus asp. assiduus AB09-11-514 Fi
Cortinarius confirmatus FR2012405 France
Cortinarius sp. SH094374.07FU U-Iran (6 seq)
Cortinarius confirmatus asp. assiduus AB05-11-423 Fran
Cortinarius confirmatus FR2016052 France
Cortinarius confirmatus RH3195 HOLOTYPE Frat
Cortinarius confirmatus asp. assiduus XC2013-156 Fra
Cortinarius confirmatus FR2012076 France
Cortinarius confirmatus XC2006-204 France
Cortinarius confirmatus asp. imbutus XC2012-171
Cortinarius confirmatus XC2005-249 France
Cortinarius confirmatus FR2012089 France
I: Cortinarius confirmatus asp. spurcatocephalus XC2011.
Cortinarius asp. AB09-11-4
Cortinarius bulbosovolvatus RH84159 ISOTYPE France
assiduus var. 3118
Cortinarius confirmatus asp. imbutus PML4722 France
87/0.3 |— Cortinarius confirmatus asp. spurcatocephalus XC95-10-04-06 France
] Cortinarius assiduus MES3541 HOLOTYPE Spain
[— Cortinarius confirmatus AB09-11-450 France
Cortinarius ci ad int. AB92-11-422 France
Cortinarius confirmatus asp. paracohabitans AB11-11-324 France
|— Cortinarius confirmatus asp. confirmatus AB03-11-78 France
t— Cortinarius confirmatus asp. kuehneri AB13-10-97 France
L— Cortinarius confirmatus asp. rubricosissimus AB00-10-193 France
Cortinarius saturninus XC2006-194 France
Cortinarius salicis RH2623 HOLOTYPE France
Cortinarius saturninus XC2008-61 France
Cortinarius saturninus asp. salicis XC2011-205 France
Cortinarius fulvorimosus XC2007-14 HOLOTYPE
Cortinarius saturninus XC2002-167 France
Cortinarius asp. AB04-10-344 Fr.
|— Cortinarius saturninus asp. urbicoides XC2001-107 France
|— Cortinarius saturninus asp. urbicoides AB95-11-144 France
|— Cortinarius saturninus XC2001-104 France
|— Cortinarius saturninus asp. cohabitans XC2014-63 France
[ Cortinarius saturninus XC2007-90 France
[— Cortinarius subtorvus CFP408 Sweden
[— Cortinarius saturninus TN09-208 USA
|— Cortinarius saturninus asp. salicis XC2007-108 France
[— Cortinarius saturninus H6029320 Finland
|— Cortinarius saturninus asp. urbicoides AB02-10-179 France
|— Cortinarius urbicus AB97-09-187/PML5347 France
|— Cortinarius saturninus XC2016-12 France
Cortinarius urbicus PML75 France (short)
|— Cortinarius umbrinoconnatus RH476 HOLOTYPE France (sl
|— Cortinarius saturninus asp. salicis XC2014-109 France
[— Cortinarius saturninus AB05-10-273 France
|— Cortinarius saturninus asp. saturninus XC2007-97 France
Cortinarius salicis PML3967 France
[— Cortinarius saturninus JMB2009101002 France
|— Cortinarius saturninus asp. dionisiae AB14-09-47 France
[— Cortinarius saturninus 1K94-631 Finland
Cortinarius subtorvus 050591 Norway (Svalbard)
|— Cortinarius saturninus asp. saturninus XC2014-114 France
[— Cortinarius marginatosplendens PML2215 ISOTYPE France
|— Cortinarius saturninus asp. deceptivus AB98-10-381 France
[— Cortinarius saturninus CFP514 NEOTYPE Sweden
[— Cortinarius dissidens PR258 HOLOTYPE France
[— Cortinarius saturninus XC96-10-26-09 France
[— Cortinarius denseconnatus RH3758 HOLOTYPE France
— urbicus var. PML4578 HOLOTYPE F
|— Cortinarius saturninus asp. salicis XC2008-55 France
|— Cortinarius gramineus RH81181 HOLOTYPE France
|— Cortinarius saturninus asp. salicis AB14-11-160 France
|— Cortinarius saturninus asp. saturninus XC2014-116 France
Cortinarius subtorvus KH14 Norway (Svalbard)
|— Cortinarius rastetteri RH71682 HOLOTYPE France
L— Cortinarius saturninus SH094324.07FU USA-U (13 seq)
— Cortinarius cyprinus PML425 France
[— Cortinarius cyprinus XC2013-15 France
[— Cortinarius cyprinus XC2007-95 France
|— Cortinarius cyprinus XC2007-103 France
|— Cortinarius cyprinus AB11-11-251 France
|— Cortinarius cyprinus AB06-09-144 France
|— Cortinarius cyprinus PAM13092901 France
C sp.
|— Cortinarius cyprinus PML81 France
I— Cortinarius cyprinus JMB2014111802 France
|— Cortinarius cyprinus AB04-09-167 France
|— Cortinarius cyprinus PML344 France
|— Cortinarius cyprinus XC2012-26 HOLOTYPE France
t— Cortinarius cyprinus AB11-10-192 France
'— Cortinarius cyprinus TEB348-10 Norway . . .
Cortinarius stuntzii Rehner394 HOLOTYPE USA Cortinarius stuntzii
Cortinarius lucorum CFP490 NEO a
Cortinarius montis-dei PML4142 HO
Cortinarius lucorum asp. circumvelatus
Cortinarius incarnatolilascens Rl
Cortinarius lucorum IK89-748 Finland
Cortinarius lucorum KS-CO513 Sweden . .
Cortinris luorum TNOG-1169 Sweden Cortinarius lucorum
Cortinarius lucorum SH188495.07FU e

Cortinarius confirmatus

79/0.81

Cortinarius saturninus

51

Cortinarius cyprinus

Cortinarius circumvelatus PML34
Cortinarius lucorum TN10-002 Canada
\—— Cortinarius umidicola 10433 SYNTYPE USA (short)

0.004 substitution per site

Fig. 3 The morphogenetic Saturnini section. — Bayesian 50 % majority-rule consensus tree inferred from the analysis of the ITS sequence of 131 (173 repre-
sented, due to Species Hypotheses, see Material and Methods) Telamonia sequences nested in /Saturnini. Branches with strong statistical support (BPP = 95 %
and SH-aLRT > 0.8) are highlighted as thick lines, others display support values as % BPP/SH-aLRT. Sequences from ‘type’ material are highlighted in bold,
those having nomenclatural priority are further underlined. The asterisk points to a subclade that segregates a 1 nt intra-individual polymorphism, as XC 2011-
205 (within the subclade) was fruiting from the same mycelium as XC 2007-108 and XC 2014-109 (outside the subclade).
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TAXONOMY

Each morphogenetic (i.e., defined by both morpho-anatomic
features and unique molecular signature) species that belongs
in the two revised sections is here introduced. To keep the
present survey reasonably short, taxonomic descriptions are re-
stricted to the new C. dolabratoides species, and major changes
relative to the current use of the other names are highlighted in
the notes. Because of its intricate taxonomic relationships with
C. imbutus and C. dolabratus, we also provide below a taxo-
nomic update of C. cinnamoviolaceus, even though the species
is not part of sect. Bicolores nor sect. Saturnini dealt with here.
Akey to species treated in the present work is proposed at the
end of the article.

Cortinarius cinnamoviolaceus M.M. Moser, Nova Hedwigia
14: 514. 1967 — MycoBank MB#329008

= Cortinarius basicyaneus Rob. Henry & Trescol ex Bidaud & Eyssart.,
Bull. Semestriel Féd. Assoc. Mycol. Méditerranéennes 25: 38. 2004.

= Cortinarius contractus Rob. Henry, Doc. Mycol. 16, 61: 27. 1985.

= Cortinarius cylindratus Rob. Henry, Bull. Soc. Mycol. France 99: 91.
1983.

= Cortinarius subparevernius Rob. Henry, Bull. Soc. Mycol. France 85:
442.1970.

[= Cortinarius parevernius Rob. Henry, Fl. Anal. Champ. Sup.: 303. 1953,
nom. inval. (no diagnosis, no type designated)].

Type. AUsTRIA, Tirol, near Hotting, in mixed forest, 18 Sept. 1948, M. Moser,
IB 48/590, holotype. MycoBank MBT#372783. ITS (partial) sequence de-
posited in GenBank under KX964412.

Misapplied names

— Cortinarius dolabratus Fr., Epicr. Syst. Mycol.: 311. 1838, sensu Bidaud
et al. (2008).

— Cortinarius imbutus Fr., Epicr. Syst. Mycol.: 306. 1838, sensu Brandrud
etal. (1998).

— Cortinarius evernius Fr., Epicr. Syst. Mycol.: 294. 1838, sensu auct.

lllustrations — Bidaud et al. 2008: pl. 639 (as C. dolabratus);
Brandrud et al. 1998: pl. D60 (as C. imbutus).

Taxonomic descriptions — Bidaud et al. 2008: f. 817 (as C. do-
labratus); Brandrud et al. 1998: pl. D60 (as C. imbutus).

Notes — This is C. evernius sensu Konrad & Maublanc
(1930) and sensu Henry (1937), with smaller spores and
raphanoid smell. Our phylogenetic analysis reveals a much
wider range of chromatic variability for this species, making it
compatible with both sect. Bicolores and Duracini. In addition,
the /C. cinnamoviolaceus clade here delineated sheds new
lights on the intricate links between these two sections and
sect. Saturnini (Fig. 1). Indeed, as redefined here, the species
falls outside the three sections but it merges:

i. typical Bicolores concepts — C. parevernius and C. cinna-

moviolaceus;
ii. typical Duracini concepts — C. subparevernius, C. cylin-
dratus and C. contractus;

iii. a species defined by its author as intermediate between
these two sections — C. basicyaneus;

iv. a Duracini concept hiding a phylogenetic Bicolores —
C. dolabratus; and

v. a Saturnini binomial interpreted by contemporary Nordic
authors as a Bicolores species — C. imbutus.

When displaying blue tinges, C. cinnamoviolaceus may be
confused with C. evernius but the spores of the latter are larger,
gills lack reddish hues and the smell is weak or indistinct. Cor-
tinarius mattiae may fruit in the same places and is similar in
appearance but the pileus is less dark coloured, not glabrous
and almost not hygrophanous, while lamellae display even
deeper red tinges. When blue pigments are absent, C. cinna-
moviolaceus looks like a Duracini with reddish lamellae and is

nearly identical to C. dolabratus, from which it can fortunately
be distinguished by larger spores (9.7 x 5.2 pm vs 8.6 x 4.9
pm, respectively) and stronger smell (Table 3).

Cortinarius sect. Bicolores (M.M. Moser) Melot, Doc. Mycol.
20, 77: 97. 1989, emend.

Type. Cortinarius cagei Melot, Doc. Mycol. 20, 80: 58. 1990.

Notes — As phylogenetically revised here, Cortinarius sect.
Bicolores has been redefined to a rather severe extent, with
well-known representative species excluded from the revised
section and half of its new content previously described out-
side Bicolores. The original diagnosis of the section should
be emended as follow: young basidiomata usually (but not
always) with violet tinges outside and/or in the context. Pileus
strongly hygrophanous, yellowish brown, chocolate brown to
reddish brown. Stipe cylindrical, often attenuate to rooting, usu-
ally with remnants of the white universal veil. Smell indistinct,
weakly raphanoid, of cedar-wood, rarely of geosmin (earth-like,
dusty). Spores amygdaloid to ellipsoid, sometimes fusiform,
(6.5-)7-12(13) x (4-)4.3-7(-7.2) ym (on average: 9.3 x 5.4
pm), verrucose. Widely distributed in the Northern Hemisphere,
fruiting solitary or gregarious, rarely cespitose, mostly under
coniferous trees.

Inits current sampling, it includes 12 species, 10 of which have
been or can be assigned a Latin binomial.

Cortinarius cagei Melot, Doc. Mycol. 20, 80: 58. 1990 — Myco-
Bank MB#129526

= Cortinarius bicolor Cooke, Grevillea XVI: 45. 1873, nom. illeg.

— Cortinarius minicolor Rob. Henry, Bull. Soc. Mycol. France 104, 4: 300.
1989 ‘1988, sensu Bidaud et al. (2014).

[= Cortinarius periodolens Carteret & Reumaux ad int., Atlas des Corti-
naires XXII: f. 1417. 2014, nom. inval. (no diagnosis, no type designated)].

Type. SwepeN, Gotland, Lummelunda, Prastanget, under broadleaf trees,
1 Oct. 1994, T.E. Brandrud, H. Lindstrém, H. Marklund, S. Muskos CFP1260,
S, neotype designated here. MycoBank MBT#373139. ITS sequence depo-
sited in GenBank under KX964295.

lllustrations — Bidaud et al. 2014: pl. 959 (as C. minicolor and
C. periodolens); Brandrud et al. 1998: pl. D48.

Taxonomic descriptions — Bidaud et al. 2014:f. 1419 (as C. mini-
color)butalso f. 1417 (as C. periodolens); Niskanen et al. 2012:
864; Brandrud et al. 1998: pl. D48.

Notes — Historically, C. cageiwas introduced to fix the nomen-
clatural issue associated with C. bicolor Cooke, an illegitimate
name because of an earlier use of the name for another, un-
related taxon. However, by omitting to designate a holotype or
other voucher specimen for his new name, Melot did not clarify
the taxonomic ambiguity of C. bicolor. Indeed, C. bicolor was
initially described as a species with medium-sized spores (10
x 5—6 pm) fruiting under deciduous trees. However, five years
later, it was attributed much larger spores (12-14 x 6—7 pm),
and also a broader ecology — mixed woods. It is likely that
Cooke actually lumped together two phylogenetically distinct,
but morphologically very similar species, in his latest diagnosis,
making C. bicolor a nomen dubium. As such, the name may
just be discarded but the authors of the CFP proposed an
interpretation of C. cagei that fits very well the initial concept
of C. bicolor. Because:

i. the CFP plate D48 is well-known and widely recognized
as a good illustration of C. cagei;

ii. our work considerably extends our morphogenetic, bio-
geographical and ecological knowledge of this species;
and
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ii. there is so far no convincing candidate for the second
C. bicolor, even though C. plumulosus has been postulated
to represent that one by the authors of the ADC (cf. notes
under C. plumulosus), we fix here the species in its primary
concept through designating the sequenced CFP1260
collection of plate D48 to neotypify C. cagei.

In these new morphogenetic boundaries, C. cagei is described
in the ADC under C. minicolor, an obvious lookalike that, how-
ever, fruits under coniferous trees. Unfortunately, the holotype of
C. minicolor could not be located in PC, preventing phylogenetic
placement of the species within /Bicolores. Cortinarius cagei
also includes C. periodolens, a Bicolores species described ad
interim in the ADC, as a C. obtusus with violaceous stipe and
strong iodine smell. Phylogenetically, C. cagei is well resolved
due to the absence of any intraspecific sequence polymorphism
and of a minimal distance to its sister species C. evernius of
3 substitutions plus 3 indels (Table 3). In the field, confusions
are possible with C. refectus and C. plumulosus but spore
shape ratios and host trees of the three species should prevent
misidentification (Table 3).

Cortinarius dolabratoides Kytov., Carteret, Bidaud, Liimat.,
Niskanen, Bellanger, Dima, Reumaux & Ammirati, sp. nov.
— MycoBank MB#818596; Fig. 4

Etymology. The name refers to the close phylogenetic and morphological
affinities with C. dolabratus.

Type. FinLanD, Koillismaa, Taivalkoski, Loukusa, the nature reserve of
Loukusanharju, dry Pinus forest on the esker, with some Picea and Betula,
some Picea-dominated depressions, 30 Aug. 2008, /. Kytévuori 08-465,
H:6033567 (holotype H; isotype K). ITS sequence deposited in GenBank
under KX964302.

Pileus 2—7 cm, conical when young, later expanding to plain
with a distinct button-like umbo, clay brown to purplish brown,
hygrophanous. Lamellae moderately distant, strongly emar-
ginate, at first bluish then brown. Stipe 5-12 cm cylindrical to
weakly clavate, sometimes slightly routing, white, with pale
lavender blue top. Veil white, as a thin coating or obscure
bands or patches on the stipe. Context whitish to purplish in
the pileus, watery whitish bluish in the stipe. Exsiccated pileus
dark blackish greyish brown, stipe much paler. Smell weakly

grass-like or stronger, of cedar wood. Macrochemistry (on the
context of the French collection only): Gaiac: ++; phénolaniline:
+++; FMP: +++; AgNO3: 0. Spores 7-8.3—9.5 x 3.5-4.6-5.0
um, Q = 1.68-1.82-1.96, (250 spores, 7 specimens), narrowly
fusoid (to almost cylindrical), with a low suprahilar depression,
often somewhat elongated at apex, fairly finely, densely verru-
cose, often prominently more strongly at the very apex, some-
what dark-coloured, faintly dextrinoid. Lamellar trama hyphae
pale olive brownish, smooth to very finely densely scabrous.
Basidia distinctly darker, olive brown (in MLZ). In damp to dryish
boreal or alpine Picea abies forests, sometimes in dry Pinus
sylvestris-dominated forests mixed by Picea abies.

Distribution — Fairly poorly known, but considered occa-
sional.

Other specimens examined (sequenced collections marked with an
asterisk, see Table 2 for GenBank accession numbers). FiNLAND, Varsinais-
Suomi, Kisko, Kaukuri, mesic Picea forest, 16 Aug. 2000, T. Niskanen &
1. Kytévuori, H:6033518; Etela-Hame, Juupajoki, Hyytiala, mesic Picea forest,
18 Aug. 2004, I. Kytévuori H:6033615*; Virrat, Monoskyla, Korpijarvi E, mesic
Picea forest, 15 Oct. 2001, I. Kytévuori 01-062*, H; Pohjois-Hame, Laukaa,
Aijala, Heindaho, mesic Picea forest, 10 Sept. 2004, I. Kytévuori 04-051*, H;
Kainuu, Paltamo, Kontiomaki, Tololanmaki W, Kylmanpuro, W sloping, mesic
Picea forest with some Pinu