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Abstract

In the area of the Italian town Trevignano Romano, within the Bracciano-Martignano Regional Natural Park, we have
found several rare Leucocoprinus specimens belonging to section Piloselli. In the same cypress alley in precedence, we
have reported the presence of the two uncommon species Myriostoma coliforme and a still undefined Battarrea sp.
Specifically, in the winter period of recent years, we have found Leucocoprinus pseudopilatianus, Leucocoprinus
gaillardii, Leucocoprinus marginatus and particularly, Leucocoprinus idae-fragum. The taxonomic identities of the
specimens were confirmed through molecular and phylogenetic analyses. Because information on the extremely rare L.
idae-fragum is still limited, a description of these specimens is presented including their peculiar growth environment
which seems now under threat of human intervention.
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Introduction

In a previous article (Ferretti et al., 2020), we highlighted the presence of the two uncommon species
Mpyriostoma coliforme (Dicks.) Corda and a Battarrea (Dicks.) Pers. species belonging to clade A (as
defined in Martin et al., 2013), in an alley of cypress trees (Cupressus sempervirens L.) that extends
towards the shores of Lake Bracciano, in the Trevignano Romano area, part of the Bracciano-
Martignano Regional Natural Park in Lazio. In the winter months of recent years (2022—-2024) in the
same cypress alley, we have collected specimens of several uncommon or very rare Leucocoprinus
species of section Piloselli (Kiihner ex Singer) Migl. & Donato, particularly, Leucocoprinus
pseudopilatianus Migl., (Migl., Rocabruna & Tabarés) Migl. & Donato (Migliozzi et al., 2001),
Leucocoprinus gaillardii (Bon & Boiffard) M. Asif, Saba & Vellinga, Leucocoprinus marginatus
(Burt.) Migl. & Donato (Boisselet, 2002) and Leucocoprinus idae-fragum (Guinb., Boisselet & G.
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Dupuy) M. Asif, Saba & Vellinga (Guinberteau et al., 1998). The Piloselli section includes species
whose basidiomata context stain orange-red or turquoise-green when bruised and which turn green
on contact with KOH or ammonia; with white then pink lamellae, basidiospores without germ pore
(Singer, 1986; Vellinga, 2010; Latha et al., 2020). The molecular studies by Vellinga (2010) showed
that section Piloselli is polyphyletic.

Recently, nomenclatural novelties have been introduced with respect to many species
previously classified as belonging to the genus Leucoagaricus Locq. ex Singer and now as
Leucocoprinus Pat. (Redhead, 2023; Asif et al., 2024; Migliozzi and Donato, 2024) to obtain a well-
supported monophyletic molecular clade for the combined genera (Justo et al., 2021). The merging
process is in progress as for instance Leucocoprinus subvolvatus (Malencon & Bertault) M. Asif,
Saba & Vellinga has been renamed but Leucoagaricus volvatus Bon & A. Caball. not yet and still
several Lepiota species occur in the present Leucocoprinus clade such as Lepiota decorata Zeller.
Pending the consolidation of the merge, in this article we have classified the specimens according to
the present state of art as defined in Index Fungorum (November 2024).

The specimen of L. marginatus found in the Trevignano Romano cypress alley had a diffracted,
brown pileus with a darker brown and sooty centre. It had white context that quickly turned red,
discoloured and then turned brown. White, cream lamellae and white coloured stem with redding
annulus. The morphology is similar to specimens described in literature (Boisselet et al., 2002;
Migliozzi, 2022). Basidiomata of L. marginatus have been found under Hesperocyparis macrocarpa
(Hartw. ex Gordon) Bartel in Point Lobos, California. Recently, L. marginatus specimens, found
under Cupressus sp. in the Castel di Guido area in Lazio, have been identified and morphologically
and molecularly fully described (Migliozzi, 2022).

The specimens of L. gaillardii had a convex cap, brown to finely dotted reddish-brown in
colour. The pileus turned red-dark red if rubbed, such as the context. The whitish lamellae as the stem
turned red over time. Stem with a poorly developed ring, and with a marginate base. The species is
described to be rare, its habitat located in sandy areas on the litter of old cypress trees and in dune
thickets and to appear only after heavy rains in early autumn (Bon and Boiffard, 1974; Gennari et al.,
1995).

The species L. idae-fragum is even more rare, initially described in France in 1998 to be present
in the Atlantic dunes among tamarisk groves on the Ile d’Oleron and some slimmer shaped specimens
under cypresses (H. macrocarpa) on the Ile de Ré (Guinberteau et al., 1998; Guinberteau, 2011).
Another L. idae-fragum specimen collected in France in Nogent-sur-Vernisson under Juniperus
thurifera L., is present in the Global Biodiversity Information Facility GBIF (occurrence
4150510803). The fungus is described as a particularly beautiful species, with a raspberry-coloured
pileus, an elongated white to bright pink stem, with the typical leucoagaric ring, edged in pink, with
a flattened basal bulb (Guinberteau, 2011). Leucocoprinus idae-fragum was synonymised with the
north American species L. decorata, based on morphology (Vellinga, 2006), from which it differs in
the presence of a universal veil, a green ammonia reaction on pileus and lamellae, and differently
shaped cheilocystidia (Vizzini et al., 2017). However, in 2017 the validity of L. idae-fragum with
respect to L. decorata was demonstrated, by molecular analysis (Vizzini et al., 2017).

Further specimens of L. idae-fragum were found later in some areas of Italy: in the Botanical
Garden of Cagliari in Sardinia under Phytolacca dioica L. and Ficus Tourn. & L. sp., on the Polvese
island in Umbria and along the famous Cypress Avenue (C. sempervirens) of Bolgheri in Tuscany,
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with species’ determination confirmed through molecular and phylogenetic analyses (Vizzini et al.,
2017). Another occurrence was found in 1990 and 2015 in a pinewood in the province of Ragusa in
Sicily (Brugaletta, 2018). This pinewood is a Nature Reserve overlooking the sea and is part of the
State Forestry Property. The habitat consists of sandy soil with Pinus halepensis Mill., and Pinus
pinea L. In 2021, a finding was reported in the sea dunes (Amsterdamse Waterleidingduinen, AWD)
of The Netherlands (Somhorst et al., 2022). The AWD is a Natura 2000 Reserve of herbaceous dunes
where since 1853 water is filtered for the drinking water supply of the city of Amsterdam.

We present the description of our findings of L. idae-fragum because of its extreme rarity to
obtain further characteristics of this species. Their peculiar growth environment is shared by other
interesting and uncommon fungal species but is currently endangered by urban expansion,
highlighting the importance of conservation.

Materials and Methods

Area of study and collection of samples
The area of study (42°09'36" N 12°13'44" E, 173 m asl) is located in Trevignano Romano, a small
town, municipality of the Metropolitan City of Rome Capital, on the north coast of the volcanic Lake
Bracciano and part of the Bracciano-Martignano Regional Natural Park. Trevignano Romano has a
Mediterranean climate, the average annual maximum temperature is 20 °C. In December/January
maximum temperatures range from 4 °C to 11 °C. The climate is dry with November statistically the
wettest month (data obtained from https://it.weatherspark.com/).

The site of the mycological findings is a 140 meters long alleyway perpendicular to the lake’s

coast, connecting the lake front with an interior road and composed exclusively of densely planted C.
sempervirens trees. The trail is historical, but the trees have been planted in the late 50s or early 60s
of the twentieth century. In some parts, Phytolacca plants grow among the cypresses and Hedera
helix L. covers some trees. The alleyway is a sandy soil path covered by cypresses’ debris, grassy at
the sides (Fig. 1). It is privately owned but freely accessible and intensively transited by pedestrians
with dogs and bicyclists. Adjacent to the cypress alley are currently uncultivated fields and an area
used for dog training.

In the last days of December 2022, we have collected specimens of L. pseudopilatianus
(TUF137358, TUF137359), L. gaillardii (TUF137356) and L. idae-fragum (TUF137362).
Leucocoprinus gaillardii (TUF137945) and L. idae-fragum (TUF137946) were also found in the first
days of January 2024 along with L. marginatus (TUF137944). The collected specimens are conserved
as a part of the Mycological Collections of the Natural History Museum and Botanical Garden of the
University of Tartu, Estonia (acronym TUF).

Morphological analyses

Photographs and notes were taken from fresh basidiomata. Microscopic characters were observed on
fresh and dried material; dried basidiomata were studied using a light microscope Leica DM750 with
Leica Application Suite v4.13 at x1000. Measurements of basidiospores were made in 3% KOH and
stained in Congo Red. Melzer's reagent, Cotton Blue and Cresyl Blue were used to test dextrinoid,
cyanophilous and metachromatic reactions, respectively. Dimensions of the microscopic elements are
given as “(minimum value)-average value—(maximum value) of length X (minimum value)-average
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value—(maximum value)” of width. Q is the spore quotient (length/width ratio). The terminology for
descriptive terms is based on several studies (Vellinga, 1988; Vizzini et al., 2017; Asif et al., 2024).

Fig. 1 — The cypress alley.

Molecular analyses
Ribosomal DNA-based analysis was performed on the specimens in the frame of the UNITE project
(Kodljalg et al., 2013). DNA extraction, PCR amplification of SSU partial, ITS1, 5.8S, ITS2, LSU
partial regions and sequencing were performed as in Voitk et al. (2018). Together with the thirteen
new sequences obtained from Leucocoprinus/Leucoagaricus species in this (seven) and our previous
studies (six), the sequences after Vizzini et al. (2017) integrated with closely matching sequences
obtained through a BLAST 2.13.0+ (Camacho et al., 2009) alignment against the updated Full
UNITE+INSD v9.0 dataset for Fungi (Abarenkov et al., 2022) were used (Table S1). Thus, a total of
ninety-seven sequences were aligned using the L-INS-I method of the MAFFT v7.520 algorithm
(Katoh and Standley, 2013) in Aliview 1.28 (Larsson, 2014). The ITS1, 5.8S and ITS2 regions of
ribosomal RNA gene were determined by ITSx v1.1.3 software (Bengtsson-Palme et al., 2013).
Maximum Likelihood (ML) and Bayesian inference were applied with HKY+I+G4 as the
model for nucleotide evolution as suggested by ModelTest-NG v0.1.7 (Flouri et al., 2014; Darriba et
al., 2020) using RAXML-NG v1.2.0 (Kozlov et al., 2019) and MrBayes 3.2.7a (Ronquist et al., 2012),
respectively.  Otherwise, K3Pu+F+I+G4 was applied as suggested by ModelFinder
(Kalyaanamoorthy et al., 2017) integrated in the IQ-TREE2 v2.3.4 software (Minh et al., 2020). In
IQ-TREE2 Nearest Neighbour Interchange was set up as topology research, with 20 initial trees
obtained applying RapidNJ and 148 iterations for bootstrap analysis. An all-in-one analysis (ML tree
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search and non-parametric bootstrap) was performed with RAXML-NG using 10 randomised
parsimony starting trees and 200 bootstrap replicates. In the parallel version of MrBayes, the Markov
Chain Monte Carlo algorithm was run using four chains (three hot, one cold), a temperature of 0.1, a
stop value of 0.01 on two trees with a diagnose frequency every 100 generations and a 25% burn-in.
The Bayesian consensus phylogenetic tree was visualised using FigTree v1.4.4
(http://tree.bio.ed.ac.uk/software/figtree) and annotated manually to include results from the various
analyses. To further investigate the L. idae-fragum clade, an alignment was performed on 706
overlapping bases of the six existing sequences of this species only and their Single-Nucleotide
Variants were highlighted by the snipit software (O’Toole et al., 2024).

The sequences of the new specimens are publicly available in the UNITE database
(https://unite.ut.ee/): L. gaillardii (UDB07674349, UDBO07675666), L. pseudopilatianus
(UDBO07674351, UDB07674352), L. marginatus (UDBO07675665), L. idae-fragum (UDB07674355,
UDBO07675667).

Results

Mycological findings in the study area

Concomitantly with the various specimens belonging to section Piloselli (L. pseudopilatianus, L.
gaillardii, L. marginatus and L. idae-fragum), specimens of various other fungal species appeared in
December after some days of rain and in January: Lepista sp. (TUF137357, TUF137388), Limacella
sp. (TUF137387), Agaricus bisporus (J.E. Lange) Imbach (TUF137361), Agaricus cupressicola Bon
& Grilli (TUF137360). Specimens of Battarrea sp. were stably observed even in the winter period.
Contrarily, the presence of M. coliforme was no longer ascertained within the cypress alley since
spring 2019.

Morphological description of the L. idae-fragum specimens

Pileus up to 6 cm in diameter campanulate, convex to plano-convex, with umbo. Margin sometimes
exceeding lamellae. Surface felted, smooth in the centre, squamulose on the perimeter of colour
raspberry pink, purplish mauve, vinaceous pink, darker at the centre and paler towards the margin,
on whitish background. In some but not all specimens, velar patch on the pileus was present. Lamellae
rather dense (crowded), free, white but tending towards light pink, with darker, greyish brown,
fringed edge (Fig. 2).

Stem 6-10 % 0.5-1.0 cm, cylindrical, protruding into the pileus, flexuous, equal or longer than
the pileus diameter, widening towards the base. Base with oblong or globose bulb. Felted, whitish
under the lamellae to a pink concolor with pileus towards the base, but often raspberry pink coloured.
Decorated by a membranous and/or fibrillose annulus placed towards the base, sometimes turned
inside out like a cuff, white in the inner upper side, raspberry pink or concolor with pileus in the
external side or underside and dark pink at the rim. Context white, rather thick and without relevant
smell.

23


https://doi.org/10.6092/issn.2531-7342/20651
http://tree.bio.ed.ac.uk/software/figtree
https://unite.ut.ee/

Knijn et al.
https://doi.org/10.6092/issn.2531-7342/20651 Italian Journal of Mycology 54 (2025): 19 - 31

’.‘
»

£ 5 N a8

Fig. 2 — Leucocoprinus idae-fragum basidiomata on Cupressus sempervirens needles litter.

Microscopy

Spores: (5.5)-6.7—7.8) x (3.3)4.1-(4.6) um, Q = (1.2)-1.6—+2.2) (n = 42) (Fig. 3). Ellipsoid, with
apiculum, hyaline, smooth, with thick wall, a part with one large lipid droplet other with several little
lipid droplets inside, strongly dextrinoid and cyanophilous, faintly metachromatic. Basidia 22—-30 x
7.5-9 um, clavate, usually 4-spored sometimes 2-spored. Cheilocystidia (23.6)-30.0—(37.9) x (8.8)—
13.0—(15.8) pum, thin-walled, colourless, variable in shape and size, clavate to pyriform. Clamp-
connections absent.

10 pm

Fig. 3 — Leuc ongo Red; b) basidia and basidiospores in
Congo Red.
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Fig. 4 — Phylogenetic tree upon alignment of the nuclear ribosomal ITS sequences of Leucocoprinus/Leucoagaricus
species, identified by their UNITE/GenBank accession number and associated species. The sequences AY 176350 and
MN&810149 from Cystolepiota pseudoseminuda were used as outgroup to root the tree. The new samples described in
the article are indicated by arrows and sequences from holotype/isotype material by hashes. Bayesian posterior
probabilities and Maximum likelihood bootstrap support values are reported as MrBayes/RAXML/IQ-TREE on the
main branches.
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Molecular analyses

Phylogenetic inference (Fig. 4) gave comparable results for Bayesian and ML analyses. The
taxonomies of the Leucoagaricus and Leucocoprinus genera are currently being merged (Redhead
2023; Asif et al., 2024; Migliozzi and Donato, 2024), a process which is still ongoing as can be seen
from Fig. 4 where not all species have yet been reclassified as Leucocoprinus. Regardless, no
monophyletic definition has been found for section Piloselli. Despite these uncertainties for the
backbone, the three analyses were confidently overlapping at the species’ level and allowed for the
identification of the Leucocoprinus specimens under study, in particular, two specimens were
confirmed to be L. idae-fragum. These sequences from the Trevignano specimens were closely
aligned to the sequence from the specimen found on the Polvese island (MCVE29342). The branching
between these three sequences and those obtained from the French holotype specimen (LIP97113001)
and the other Italian specimens from Bolgheri (MCVE29362) and Cagliari on the Sardinia Island
(CAGP.12 9/8.38) was present in all evaluated trees in the ML analysis and with a 100% posterior
probability in the Bayesian inferred tree.

© ~ ) o) o — o) 1) © m © m
© © © © ~ ~ 5] o o © © ©
— — — — — — — N ~ m m rg)
UDB07675667 TUF137946 * = - - - - = © = = G
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MF768441 LIP97113001 France # T C @ C G @ T G G G G T
1 1 | 1 1 1 1 1
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Position (base)

TS ) , ) ITs2

Fig. 5 — Single-Nucleotide Variants of the sequences from Leucocoprinus idae-fragum are shown with respect to the
holotype MF768441 sequence at the lower row. The hyphen indicates gaps, also intra-sequence gaps are indicated
(yellow boxes). The new samples described in the article are indicated by asterisks and the hash indicates the holotype
specimen. The barcode regions are annotated at the bottom.

A Single-Nucleotide Variant analysis (Fig. 5) was performed, to further investigate the origin
of this ramification. The only mutations in common between the Trevignano+Polvese specimens with
respect to the holotype clade, were a C in position 188 bp of ITS1 (tctCggt) against a T (tctTggt) and
a G in position 563 bp of ITS2 (gtcGgct) against a T (gtcTgct) (Fig. 5). Furthermore, in ITS1 six
consecutive nucleotides (TCCCGC) were missing (positions 166-171 bp) in the Trevignano+Polvese
clade with respect to the holotype. These six nucleotides seem to be insertions in the holotype
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complex because all other Leucocoprinus/Leucoagaricus species analysed in this study do not have
them.

Discussion

We report the findings of rare fungal species L. marginatus, L. gaillardii, and the very rare L. idae-
fragum specimens inside a short cypress alley in the Bracciano-Martignano Natural Regional Park.
The C. sempervirens alley was planted about seventy years ago in proximity of the Lake Bracciano
shore, with a vegetation of Phytolacca sp. and ivy growing at the edges. The soil is sandy, covered
by cypresses needles debris, and since it is a busy pedestrian crossing, it is often dirty. Bracciano-
Martignano Natural Regional Park is a volcanic area affected by the ancient Sabatino volcano. The
climate of the area is sunny and mild, due to constant ventilation from the sea. Rain is mainly
concentrated in the autumn months. Comparing with other sites of L. idae-fragum findings in Italy,
the presence of the lake would yield the environment not dissimilar to that of the C. sempervirens
area of the Polvese Island in the Trasimeno Lake in Umbria, although geologically the latter has a
tectonic origin (Gasperini et al., 2010). Interestingly, on the Polvese Island the same concomitance
of the two species M. coliforme and Battarrea sp. clade A (Bistocchi et al., 2001; Angelini et al.,
2016) was found as in the area of study (Ferretti et al., 2020). The Bolgheri area, comprising the
bicentenary C. sempervirens Avenue, shows a similar climate trend (data obtained from
https://it.weatherspark.com/). Regarding weather conditions during fungal growth, L. idae-fragum
specimens were found in winter after several days of rain, in the coldest period of Lake Bracciano.
Likewise, in literature, the specimens have been found in late autumn/winter (Guinberteau, 2011;

Vizzini et al., 2017; Brugaletta, 2018; Somhorst et al., 2022). Single exception are the specimens
found on the Polvese Island in June 2016 which was a particularly rainy month in Umbria (data
obtained from https:/it.weatherspark.com/). Therefore, the current climatic changes producing
drought could reduce their proliferation and represent a threat to this species. Notably, in December
2024 and the beginning of January 2025, no specimens of L. idae-fragum have been observed.

It was reported L. idae-fragum basidiomata show morphological variability (Guinberteau,
2011; Vizzini et al., 2017). The specimens found in Trevignano Romano appeared to be more slender
and smaller in size than those described in the literature (ibidem). It has been hypothesised that the

different position of the annulus on the stem evidenced in the specimens from the Bolgheri cypress
alley compared with these from the Polvese Island, was due to an asynchronous elongation of parts
of the stem which could be in relation with ecological factors (Vizzini et al., 2017). Presumably, fungi
with a basal annulus on the stem present an early opening of the pileus related to the development of
the hymenophore compared to the elongation of the stipe. In the specimens found in Trevignano
Romano, the position of the annulus on the stem is basal like the collection from the Bolgheri cypress
avenue. Consequently, the involved ecological factors should be similar in these two sites and
different from the Polvese Island. One ecological factor that could be involved is the soil composition.
It was reported that greater nitrogen availability together with soil temperature rise can influence the
development and the growth of some species of fungi (Solly et al., 2017; Treseder et al., 2021). The
soil in the Trevignano Romano cypress alley is rich of organic matter with a large amount of nitrogen
and phosphorus due to the presence of dog excrements. The specimens therefore could have
humicolous and nitrophilic properties. Instead, the environment of the Polvese Island, which is only
inhabited seasonally and is a scientific-educational park, is much less influenced by anthropic agents
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(Ricci, 2015) with a different effect on soil composition. Another factor is the distance from the sea
of the three locations, where the Polvese Island is inland with the greatest distance from the sea. The
combination of soil and environmental characteristics could be responsible for the variable maturation
of basidiomata.

The microscopic analyses revealed basidiospores, basidia and cheilocystidia with comparable
dimensions of that reported for the other various collections. The basidiospores generally contain one
lipid droplet inside, but some have many small lipid droplets. Lipid droplets presence in the spores is
not reputed a relevant characteristic for the taxonomic classification of fungal species, but their
different composition entails various roles in metabolism, signalling and development in fungi
(Murphy, 2001; Knijn et al., 2019; Kameoka and Gutjahr, 2022).

A molecular definition of section Piloselli is still challenging due to its polyphyletic origin.
Some authors include Leucoagaricus croceovelutinus (Bon & Boiffard) Bon in section Piloselli
(Munoz et al., 2014), which falls within a branch together with Leucocoprinus leucothites which is
part of section Annulati. Although molecular analyses not always support the branches within the
Piloselli section, probably due to missing sequences of species able to polarise and better define the
branches, at the leaf level the separations are generally clear. For instance, the L. idae-fragum clade
is well defined. Interestingly, phylogenetic inference shows that the specimens from Trevignano
Romano cluster together with the sequence from the specimen found on the Polvese island in Umbria.
The morphological differences between these two collections seem therefore effectively caused by
ecological factors. With the addition of further sequences of this species, it will become clear if the
differences with the sequence from the holotype specimen are indicative of stable nucleotide
variations. In fact, based on these preliminary results one could hypothesise the existence of two sister
species, although further data will be needed to obtain the necessary resolution to confute or confirm
this hypothesis.

Because fungi are generally not considered with respect to habitat preservation plans, it is of
great importance to document the mycological richness of this cypress alley. In fact, the land
comprising the alley is considered a building area. The area is categorised as a Zone for general and
local public services in the General Urban Plan of 2019. East of the alley, facing south towards the
lake, a station of the “Protezione Civile” is present. However, the area facing north has been sold with
a permit to build a condominium and here construction works will soon begin. This will have an
impact on this interesting and peculiar natural environment. It is noteworthy that already in the last
five years disturbing factors have interfered with the presence of M. coliforme, a rare species
considered threatened (Ferretti et al., 2020). The mycological diversity in this short alley is truly
astonishing and deserves due attention to preserve its peculiar microhabitat.
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