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Abstract: The authors describe, on the basis of three Spanish collections, a new species of morel: Morchella
iberica, close to the European species M. semilibera (half-free morel), belonging to sect. Distantes, subsect.
Papyraceae. A microscopical analysis and a phylogenetic analysis of the ITS and LSU regions of ribosomal
DNA confirm the proximity and the differences between M. iberica and M. semilibera, as well as with M. pa-
kistanica, M. populiphila and M. punctipes, three other half-free morels.

Keywords: Morchellaceae, morels, phylogeny, taxonomy.

Resumen: Los autores describen, en base a tres recolectas espafiolas, una nueva especie de colmenilla: Mor-
chella iberica, proxima a la especie europea M. semilibera (“crespillo”), dentro de la seccion Distantes, subsec-
cion Papyraceae. El estudio microscépico y el andlisis filogenético de las regiones ITS y LSU del ADN ribosomal
confirman la proximidad genética y las diferencias entre M. iberica y M. semilibera, asi como con M. pakista-
nica, M. populiphila'y M. punctipes, otras tres especies con mitra semilibre.

Palabras clave: colmenilla, filogenia, Morchellaceae, taxonomia.

Résumé : les auteurs décrivent, sur la base de trois récoltes espagnoles, une nouvelle espéece de morille :
Morchella iberica, proche de l'espéce européenne M. semilibera (« morillon »), au sein de la section Distantes,
sous-section Papyraceae. L'étude microscopique ainsi que I'analyse phylogénétique des régions ITS et LSU
de I'ADN ribosomal confirment la proximité génétique et les différences entre M. iberica et M. semilibera,
ainsi qu'avec M. pakistanica, M. populiphila et M. punctipes, trois autres especes a chapeau semi-libre.
Mots-clés : Morchellaceae, morille, phylogénie, taxinomie.

Introduction

The taxonomic and phylogenetic revision of the genus Morchella
(“true morels”) by RicHARD et al. (2015), together with several more
regional surveys from Australia (ELLiOTT et al., 2014), Spain (CLowez et
al., 2014, 2015), Cyprus (Loizies et al., 2015, 2016), Turkey (TAskiN et
al., 2016), North America (Vorrk et al., 2016), Central America and the
Caribbean (Baroni et al., 2018), and China (Du et al., 2019), currently
include 31 phylogenetic species worldwide in sect. Morchella (“clade
Esculenta” defined by O’DoNNELL et al., 2011), 41 in sect. Distantes
(“clade Elata”), and 2 in the archaic sect. Rufobrunnea (“clade Rufo-
brunnea”). Compared with European countries, Spain is currently
the most species-rich (CLowez, 2012; CLowez et al., 2014, 2015; RICHARD
etal., 2015; Loizioes et al., 2016), with 17 identified species so far, thus
representing 25% of the global diversity of morels.

The increasing interest for this genus, stimulated by recent pub-
lications and facilitated access to DNA sequencing by citizen scien-
tists, further contributes to unveil novel, rare or misidentified
species. Spain appears to be suitable for tracking such hidden bio-
diversity, with the most favourable environmental and biogeo-
graphical conditions (“hot-spot”) coupled with a high density of
field mycologists. The result of this intensive survey is illustrated
here by the description of Morchella iberica sp. nov., which repre-
sents the third half-free morel thus far known in Europe, in addition
to M. semilibera DC. and M. populiphila M. Kuo, M.C. Carter & J.D.
Moore.

Material and methods

Morphological description

The macromorphological description of M. iberica is based on pic-
tures provided by the collectors, completed by their in vivo obser-
vations. Micromorphological features were observed from exsiccata:
1) in aqueous solution of Chlorazol black for spore measurements,
previously revived in 10% ammonia for the observation of natural
colour of hymenial elements; 2) with the double stain “PhC1” de-
scribed in CLowez & Moreau (2018a), consisting in a first staining in
aqueous SDS + Chlorazol black solution, then in an alcoholic Phlox-
ine B solution, and observation in a drop of water after washing, for
observation of acroparaphyses and other elements embedded in
resinous coatings; 3) with the stain “PhC2” described in CLowez &

MoRreAU (2018a), consisting in the mount of mature ascospores or
minute fragments of hymenium (asci) in a drop of glycerin with ad-
dition of a droplet of stamp pad green ink Noris® Color GmbH, for
the observation of details of spore surface.

Phylogenetic analyses

DNA extraction and PCR amplification were conducted at the
CEFE-CNRS (Montpellier, France) and at CITAB (Vila Real, Portugal),
as described in RICHARD et al. (2015). The complete ITS region encom-
passing the internal transcribed spacers and 5.8S rDNA (ITS) of three
collections of M. iberica, two collections of M. populiphila and 10 col-
lections of M. semilibera, was amplified with ITS-1F/ITS-4 (WHITE et
al., 1990; GARDES & BRuNs, 1993). In addition, the sequence of four
other loci was obtained from the isotype PhC335 of M. iberica, using
the following primers: LROR/LR7 (28S rDNA, ViLGALYS & HESTER, 1990),
EF526F/EF3AR (TEF-1, REHNER & BuckLey, 2005), gRPB1A/aRPB1C
(RPB1, MATHENY et al., 2002) and 9F/3R (RPB2, Lwu et al., 1999).

Sequences were edited and assembled using Codon Code Aligner
v. 4.1.1 (CodonCode Corp., Centerville, MA USA). The analyzed ITS
dataset includes the 17 sequences generated for this study, as well
as 33 published GenBank sequences (www.ncbi.nlm.nih.gov/gen-
bank), representing the five currently recognized species of half-free
morels (M. iberica sp. nov., M. pakistanica, M. populiphila, M. punctipes
and M. semilibera; Table 1 and Fig. 1). The sequence KC464349 dis-
plays signs of poor quality (short and nucleotide differences clus-
tered) and nests as a long branch in the M. semilibera clade (Fig. 1).
We maintained it in the dataset for biogeographical purpose, as no
other sequenced collection from Ukraine is so far available in public
databases.

Phylogenetic analyses were performed online at http://phy-
logeny.lirmm.fr (DereePeR et al., 2008), as described in RICHARD et al.
(2015).

Taxonomy

Morchella iberica Marcos Martinez, Sanjaume & Clowez, sp. nov. -
Figs 2-9 - MycoBank MB 834421.

Diagnosis: Ascomata morchelloid, morphologically similar to
those of Morchella populiphila. Pileus truncated to nearly globose,
light yellow-brown to dark brown. Primary crests mostly longitudi-
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Table 1 - List of sequences generated for this study (see Fig. 1)

Species Collection Herbarium ITS Other loci
PAM16042501 LIP 0401128 MN442334
PhC181 LIP 0001675 MN442331
PhC335 LIP 0001676 (holotype) MN442540 28S: MN840852
M. iberica RPB1: MN850425
RPB2: MN850426
TEF1: MN850427
JMMO0036 MN442536
JMM442537 MN442537
o JMMO0054 MN238921
M. populiphila
GM2074 MN217666
PhC313 MN442337
PhC306 MN442336
JMMO0029 MN436846
PhC180 MN442330
o PhC218 MN442332
M. semilibera
PhC296 MN442335
JMMO0015 MN436845
PhC221 MN442333
JMM71403M MN442338
DP6142MS MN442339

nal, flexuous, first concolorous to pileus then darkening from apex.
Sulcus remarkably broad, making the pileus free on s of its height.
Stipe hollow, brittle, white, covered with coarse granules turning
blackish with age, for a long period not longer than the pileus.

Holotype: SpaiN, Catalufia, Girona, Campdevanol, riparian forest
under Fraxinus sp. and Populus sp., 30 Apr 2019, leg. R. Sanjaume,
LIP 0001675; isotypes in pers. herb. J. Marcos n° JMM0016 and
P. Clowez n° PhC 335.

Etymology: Latin epithet ibericus, from Iberia, Iberic peninsula,
where the species has been described from.

Other collections studied: SpaiN, Aragon, Huesca, Castiello de
Jaca, under Fraxinus excelsior and Populus nigra, 26 Apr 2012, leg.
L. Ballester & J. Garcia, herb. P. Clowez n° PhC 181 (LIP 0001676);
Castillay Ledn, Valladolid, Aldeamayor de San Martin, riparian forest
under Populus sp., with Morchella semilibera, 21 Apr 2018, leg. J. Ma-
teos, herb. P-A. Moreau PAM16042501 (LIP 0401128), and herb.
J. Marcos JMMO0O036.

Portrait: a short-stiped “half-morel”, morphologically similar to
M. populiphila, with a yellowish brown to dark brown, truncated
pileus with mostly parallel primary crests, mostly darkening towards
apex, a remarkably conspicuous sulcus, and stipe dotted with dark
granules, in native riparian forests on wet ground.

Description: Pileus 2.5-5 (7) x 2-4 (5) cm, at first frustoconical,
ovoid to subglobose with blunt apex, tending to elongate with age,
pale yellow getting olivaceous to dark brown tinges with age (Mun-
sell 7.5YR4/4-4/6), becoming dark red brown (2.5YR3/4) in senes-
cence ; pits 20-25 per half-pileus in front view, longitudinally
oriented, broad and sinuous to verrucose; primary crests longitudi-
nally oriented, sinuous, thick, bifurcate at cap margin, edge truncate,
originally whitish to concolorous, turning olive brown then darken-
ing especially at apex, irregularly elsewhere; obtuse, concolorous to
pits; secondary crests rare and hardly differentiated, mostly horizon-
tal, somewhat tuberculose, concolorous to pits. Sulcus conspicuous,
1-2 cm deep, broad, making the pileus free on s of its length,
white, minutely furfuraceous, wrinkled with age. Stipe 2-7 (11) x

1-2.5 (4) cm, lacunose, cylindrical with equal or slightly enlarged
base, at first shorter than pileus then strongly extending with age,
hollow, rather brittle; surface white to pale ochraceous, ochraceous
grey when altered; densely furfuraceous from the beginning then
strongly granulose with pyramidal granules darkening with age.
Context white in pileus and stipe, hyaline grey in stipe cortex,
slightly elastic. Inner excipulum white, lobate to grooved, roughly
pruinose, turning yellowish from margin. Smell raphanoid and sper-
matic when cut. Spore print white.

Ascospores medium-sized, (21) 23-25 (26) X 15-16 um (average
23.2 X 15.2 ym), type Ba5 of CLowez & MoRreau (2018b) i.e. ellipsoidal
with nearly smooth surface only subtly cracked, covered by
spumosities mixed with small refringent bubbles up to 2-3 um
wide. Asci 350-520 x 14-17 um, often with immature or aborted
ascospores mixed with mature ascospores; base snakehead-shaped,
straightly elongate (2-5 um wide at base) with a subbasal enlarge-
ment and a narrowed zone above, often broken on revived exsic-
cata. Paraphyses irregularly arranged in the hymenium,
230-300 um long, made of 3-4 elements, the shortest at base mea-
suring e.g. 30-50 X 5-9 um, the apical element much longer mea-
suring 115-160 x 7-15 um, slightly inflated at apex, sometimes
fasciculate or bifurcate and then with 2 shorter basal elements (20—
35 x 5-11 um) and 2 longer apical and subapical elements (115-
135 % 8 um), all pale-coloured; heteroparaphyses sparsed, undistinct
from paraphyses at maturity (Fig. 7b). Acroparaphyses long, regu-
larly disposed, cystidioid (Fig. 8a-c), made of 1-3 elements, the apical
element club-shaped, 100-110 x 20-30 pm (apex) X 8-12 um (base),
the others 35-110 x 10-30 pum. Stipitipellis made of long pyrams
of broad globose cells (textura globulosa to textura angularis), mea-
suring 35-60 x 40-50 um, ending with long, 0- to 4-septate apical
hairs (Fig. 9) made of large catenulate elements measuring 15-90 x
17-30 um, some with a broad rounded basal cell measuring 40-50
X 40 pum, apical element longer than the others, cylindrical gently
attenuate at apex.

1 Term introduced for the epithelioid granules on the stipe of morels (CLowez & Moreau, 2020).
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KM204689 11-26-Elling WA-USA

100

J1X069621 DD06-21 WV-USA
JQ723030 M837 IL-USA
831723029 M772 MO-USA
—— JQ723027 M64 IL-USA

2 JQ723028 M305 VA-USA (epiT)

— Q723031 M845 PA-USA
KM588008 PhC81 QC-Canada
MN442334 PAM16042501 Spain
MN442331 PhC181 Spain
MN442536 JMM0036 Spain
91 | MIN442340 PhC335 Spain (isoT)
MN442537 JMMO0016 Spain (isoT)
— KX306759 SJ121 Pakistan

KM204688 Dung-Semi-03 WA-USA

KM204690 Elling-05-02 WA-USA
MH198763 JLF3769 OR-USA

MN238921 JMM0054 Spain Morchella
91 | KM587961 PhC163 Spain populiphila
MN217666 GM2074 Spain (Mel-5)

— MK991861 JLF6336 OR-USA
JQ723033 M903 OR-USA (holoT)
JQ723032 M89 OR-USA

JX069622 DD06-35 WV-USA Morchella
JQ723026 M28 PA-USA punctipes
JQ723025 M13 MI-USA (Mel-4)

Morchella iberica sp. nov.

Morchella pakistanica

—— LC028919 Ms13-1 Japan
— AJ543743 TMII3M Germany
JQ723024 M 144 Netherlands

KMS588001 PhC7 France
MN442337 PhC313 France
MN442336 PhC306 France
MN436846 JMM0029 Spain
MN442330 PhC180 Spain
KM587981 PhC26 France
MN442332 PhC218 Spain
KM3588007 PhC80 France
MN442335 PhC296 France
JQ691483 HAI-C-1181 Germany
MN436845 JMM0015 Spain
MN442333 PhC221 Spain
MN442338 JMM71403M Spain
JQ723023 M162 Czech Republic
AJ543742 1MCJ2M Germany
GQ228475 MR7 India
MN442339 DP6142MS Italy

I3

20 _{FR2012522 LUG9100 Italy
KJ174320 PhC99 France (neoT)

0.03

KC464349 Fgl07 Ukraine

Morchella
semilibera
(Mel-3)

— J1Q691494 LE180140 Kazakhstan

Fig. 1 - Phylogenetic reconstruction of sect. Papyraceae (half-free morels) from ITS sequences (see Material & Methods).
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Fig. 2 - Morchella iberica, ascomata. 1: Type collection, photo R. Sanjaume. 2: Comparison between M. iberica (left) and M. semilibera (right),
Picture J. Mateos. 3-5: collection PAM16042501, photos J. Mateos.
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Habitat and distribution: so far only reported from three local-
ities in Northern Spain, in wet riparian forests with Fraxinus excelsior
and native Populus spp., often mixed with Morchella semilibera. Also
reported under Castanea sativa in the Mediterranean Turkish coast
(TaskiN et al., 2012).

Discussion

All collections of Morchella iberica studied in the present work
originate from northern Spain, hence the name adopted for this
new species. However, sequencing the isotype at 4 additional loci
revealed that two published Turkish collections identified as
“M. semilibera”, HT213 and HT215, not sequenced at the ITS locus,
actually belong to M. iberica (TaskiN et al., 2012 and data not shown).
It is surprizing that these two collections were not distinguished
from the other ones by the Turkish authors because they form a
well-supported clade within M. semilibera (TaskiN et al., 2012, Fig. 4).
These collections indicate that M. iberica is not endemic to northern
Spain but is also present in the southern Mediterranean coast of
Turkey (Antalya), where it fruits under Castanea sativa. Further taxon
sampling and careful examination of Mediterranean harvests of
half-free morels may unveil a broader distribution of the species
here introduced.

In an evolutionary point of view, M. iberica is sister to M. semilibera
and M. pakistanica Jabeen & Khalid, from which it differs by, respec-
tively, 7 substitutions + 1 indel and 7 substitutions + 2 indels (Fig. 1
and data not shown). The three species form a well-supported
Eurasian clade much more distant from the eastern North American
M. punctipes Peck and M. populiphila, present in both western North
America and Spain.

Altogether, these five species correspond to Morchella subsect.
Papyraceae Jacquet. (type: M. semilibera), encompassing so-called
“half-free morels”, within sect. Distantes (“Elata-clade”; see CLowEz,
2012 ; RicHARD et al., 2015). It shows the typical features of this sub-
section, i.e. a broad and deep sulcus (“vallécule”) making the pileus
edge free on 5 to %5 of its length, predominantly longitudinal pri-
mary crests on the pileus, and a strongly granulose stipe, at least 2—
3 times longer than the pileus at maturity. As in most species in sect.
Distantes, the pileus is more or less triangular-truncated, with nu-
merous and distinct pits (12-25 in front view). Microscopically, the
spores are nearly smooth, a rare feature in the genus, almost exclu-
sive of subsect. Papyracea in sect. Distantes (CLowez & MOREAU,
2018b).

Morchella populiphila has been reported from plantations of hy-
brid poplars (Populus x canadensis) originated from North America,
and is supposed to be allochtonous in Europe. It is so far only known
from Andalusia and Castilla y Ledn (Spain). However, both species
are very similar by the rounded or truncated pileus and the stipe ex-
tending only late in maturity, primarily not longer than the pileus.

Morchella semilibera and M. punctipes share a triangular pileus,
rarely truncated, exceptionnally rounded. In Europe, M. semilibera
has a broad ecological range, and may co-occur with M. populiphila
in Andalusia (J.G. Lopez Castillo, pers. comm.) as well as with M.
iberica in Northern Spain. The darkening granules on the stipe are
characteristic of M. punctipes, but may be observed on old speci-
mens of all half-free morels, according to our experience.

Morchella iberica differs from all other half-free morels by more
numerous primary pits (in average 20-25 in side view) than the oth-
ers (less than 20 pits per face), the pileus which is free only on s of
its length (about 2 in M. semilibera and %5 in M. populiphila), and
somewhat smaller spores.

By its small size and its Mediterranean affinities, M. iberica evokes
other small species in sect. Distantes with strongly developed sulcus,
which do not belong to subsect. Papyraceae. For instance, M. dispar-
ilis Loizides & P-A. Moreau (LoiziDes et al., 2016) has a rather deep sul-
cus (but less than 1 cm deep), but smaller-sized ascospores (in av.
22.7 x 14.7 pm) with an angular profile and distinct striations, and
more obvious secondary septa and aligned pits (type Bb3: CLowez

& Moreau, 2018b). Its ecology is also different, since M. disparilis is
mentioned from dry oro-mediterranean localities with Arbutus an-
drachne in Cyprus and Greece, and A. unedo in Spain (personal data).

Finally, it could easily be confused with young specimens in the
genus Verpa, for instance V. bohemica which also has longitudinal,
parallel crests. In Verpa, however, the pileus is entirely free from the
stipe, the crests do not darken with age, and V. bohemica is easily
identified under the microscope by its bisporic asci.
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