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Abstract

Hodophilus citrinofoetens sp. nov. is described from Australia using morphological characters and phylo-
genetic analyses of ITS and LSU rDNA sequences. New combinations are provided for Camarophyllopsis
darwinensis from northern Australia and C. kearneyi from south-eastern Australia, which are confirmed
as species of Hodophilus based on their phylogenetic placement and the presence of clavate to
sphaeropedunculate terminal elements in a hymeniderm pileipellis. Hodophilus citrinofoetens is a rarely
detected species with yellow sporing bodies and a strong naphthalene odour that is so far known from
Tasmania and the South West region of Western Australia. It is macromorphologically distinct from other
Australian Hodophilus, which are mostly shades of brown. The phylogenetic analysis revealed further un-
named species, amongst which are six putative novel species known from multiple collections, as well
as additional singleton sequences. Further morphological and molecular investigations are required to
confirm species delimitation among these putative phylogenetic species.

Cite this paper as: Vaughan L et al. (2026). A preliminary investigation of the diversity of Hodophilus (Clavariaceae) in
Australia, with description of Hodophilus citrinofoetens sp. nov.. Australian Journal of Taxonomy 128: 1-15. doi: https://doi.org/
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Introduction

Arnolds (1986) recognised Camarophyllopsis Herink with
synonyms Hodophilus R. Heim and Hygrotrama Singer
and accepted two subgenera: subgenus Camarophyllop-
sis, with a trichoderm pileipellis, and subgenus
Hodophilus (R. Heim) Arnolds, with a hymeniderm

pileipellis. Species of Camarophyllopsis form agaricoid,
lamellate, stipitate sporing bodies with thick, widely
spaced lamellae and a wax-textured appearance, which
led to placement of the genus in the waxcap family
Hygrophoraceae Lotsy (Arnolds 1986, Young 2005).
Camarophyllopsis was distinguished from other waxcaps
by sporing bodies with a generally dull colouration; a
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pilepellis of inflated, often clavate, terminal elements in
a hymeniderm, epithelium or trichoderm; and the pres-
ence of caulocystidia (Arnolds 1990, Young 2005).

Based on a multilocus molecular phylogeny of Agari-
cales, Matheny et al. (2006) recovered Camarophyllopsis
within Clavariaceae Chevall. In a single locus phylogeny
of Clavariaceae using the large subunit (LSU) rDNA,
Birkebak et al. (2013) recovered species of Camarophyl-
lopsis in two separate lineages. Relationships of Camaro-
phyllopsis were investigated further by Birkebak et al.
(2016), who assembled a multilocus phylogeny of
Clavariaceae and recovered three distinct clades of
agaricoid fungi. One clade represented a novel genus
described as Lamelloclavaria Birkebak & Adamcik, while
the other two clades represented the morphological
taxonomic concepts of Camarophyllopsis subgenus
Camarophyllopsis and  Camarophyllopsis  subgenus
Hodophilus. Consequently, Birkebak et al. (2016) recog-
nised Hodophilus R. Heim at genus level, distinguished
from Camarophyllopsis and Lamelloclavaria by the com-
position of the pileipellis, which is typically a vertically-
arranged hymeniderm of inflated, globose to
sphaeropedunculate terminal elements.

Twenty-eight species are currently accepted in
Hodophilus (Species Fungorum 2026), with most diver-
sity known so far described from Europe (Kovalenko et
al. 2010, Adamcik et al. 2017, Arauzo & Iglesias 2018,
Adamcik et al. 2018, 2020), North America (Adamcik et
al. 2016) and Asia (Crous et al. 2017, Zhang et al. 2019,
Tang et al. 2023). Hodophilus roseolus (G. Stev.) J.A. Coop-
er is known from New Zealand (Index Fungorum 2023).
Three sections are recognised by Adamcik et al. (2020)
based on strongly supported lineages in the phylogeny
of Northern Hemisphere species. Hodophilus sect.
Hodophilus contains the type species H. foetens (W.
Phillips) Birkebak & Adamcik, and includes European
and North American species with distinct naphthalene
odours that are mostly shades of brown, except for H.
atropunctus (Pers.) Birkebak & Adamc¢ik, which does not
have a distinct odour and has dark dots on the stipe
(Adamcik et al. 2016, 2017, 2020). Hodophilus sect. Mica-
cei Adamcik & Dima includes European and North Amer-
ican species characterised by yellow colours on the stipe
and lacking strong naphthalene odours (Adamcik et al.
2018). Hodophilus sect. Phaeophylli Adam¢ik & Dima con-
tains European species without naphthalene odours or
yellow colours (Adamcik et al. 2020).

Two species of Camarophyllopsis were formally
described from specimens collected in Australia by A.M.
Young: C. darwinensis A.M. Young, a small, pale pinkish-
brown mushroom from tropical Northern Territory and
Queensland (Young & Wood 1997, Young 2005); and C.
kearneyi A.M. Young, a smaller, dull pale-brown mush-
room from temperate New South Wales and Tasmania
(Young 1999, 2005, Young & Mills 2002). Young (2005)
placed both these Australian species in Camarophyllop-
sis subgenus Hodophilus based on the epithelium or

hymeniderm structure of the pileipellis. Based on the
pileipellis structure described by Young (Young & Wood
1997, Young 1999, 2005), C. kearneyi and C. darwinensis
require recombination in the genus Hodophilus. Indeed,
Zhang et al. (2019) keyed out C. kearneyi and C. dar-
winensis (as C. darminensis) under Hodophilus but did not
make new combinations. Gates and Ratkowsky (2014)
illustrated Camarophyllopsis darwinensis and two unde-
scribed species, C. sp. ‘brown’ and C. sp. ‘yellow’, that
are noted to have naphthalene odours. The Australasian
Virtual Herbarium (https://avh.ala.org.au/) lists various
specimens of Camarophyllopsis from Australia.

We assembled Australian fungarium specimens identi-
fied in collections as Camarophyllopsis and Hodophilus
for morphological examination and phylogenetic analy-
ses. Based on the phylogenetic placement and the
inflated terminal elements of the hymeniderm pileipel-
lis, we provide new combinations for C. darwinensis and
C. kearneyi in Hodophilus and describe the new species
Hodophilus citrinofoetens. We discuss additional diversity
of Australian Hodophilus recovered in the phylogeny.

Methods

Presentation of names.

Names of taxa at all ranks are italicised following Thines
et al. (2020).

Specimen selection.

Fungarium specimens collected in Australia and iden-
tified as Camarophyllopsis or Hodophilus in collections
were selected for examination from the National
Herbarium of Victoria (MEL), the Queensland Herbarium
(BRI), the NSW Plant Pathology & Mycology Herbarium
(DAR), the Tasmanian Herbarium (HO), the Western Aus-
tralian Herbarium (PERTH), the University of Tennessee
Fungal Herbarium (TENN-F) and the John T. Waterhouse
Herbarium (UNSW). Additional specimens from MEL
that were identified in collections as Marasmius or inde-
termined Fungi were included for examination because
their morphology was consistent with Hodophilus.

Morphological examination.

The macromorphological description for the novel
species is assembled from descriptive notes and pho-
tographs of fresh collections recorded by collectors, as
well as examination of dried material. Colours of fresh
collections are described based on field notes made by
collectors in daylight conditions and, where possible,
according to Kornerup and Wanscher (1978) in the for-
mat, for example, 4A5. Key characters of existing
species are a precis of descriptions from Young (2005).

The micromorphological description for the novel
species is based on examination of dried fungarium
specimens, from which hand cut sections were rehy-
drated in 5% potassium hydroxide (KOH) following Tang
et al. (2023) and then stained with Congo red to easily
observe cell walls. Microscopic features were observed
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and photographed using an Olympus BX51 microscope
(Olympus, Tokyo, Japan) with differential interference
contrast and an Olympus DP73 camera attachment.
Measurements were taken at x400 or x1000 (with oil
immersion) using measurement tools in Olympus
cellSens standard (v. 1.16). Basidiospore measurements
were recorded from at least 10 spores per specimen
examined. Basidiospore measurements are provided in
descriptions as the observed range of values, then as
the range of means per specimens examined with the
grand mean italicised. The number of spores measured
from the the number of specimens examined is pro-
vided after the measurements (e.g., n/x), where n indi-
cates the number of spores measured and x indicates
the number of specimens examined. Measurements of
basidia, cystidia, terminal and subterminal elements of
the pileipellis were recorded primarily from the holo-
type and supplemented from additional specimens
examined. These are provided as the observed range of
values in the description.

DNA isolation, PCR and sequencing.

DNA was isolated from selected specimens (Table 1)
using a modified CTAB method summarised in Craig
et al. (2023), based on that of Gardes & Bruns (1993).
Polymerase chain reactions (PCR) were performed to
amplify the internal transcribed spacer (ITS) rDNA and
domains D1-D2 of the large subunit (LSU) rDNA in 20
pl reactions using MyTaq Red Mix (Bioline/Meridian Bio-
science, London, UK), 1 pl of DNA template and the
primers pairs ITS5/ITS4 or ITSTF/ITS4 (White et al. 1990,
Gardes & Bruns 1993) and LR5/LROR (Vilgalys & Hester
1990, Vilgalys Lab 1992), respectively, using protocols
outlined by Craig et al. (2023). Sequencing was under-
taken by the Australian Genome Research Facility
(AGRF, Melbourne, Australia) and chromatograms were
aligned, manually checked and edited using Geneious
Prime 2021.0.3 (https://www.geneious.com) to generate
consensus sequences (Table 1).

Phylogenetic analyses.

The ITS and LSU sequences generated in this study were
assembled with sequences from species of Hodophilus
and the closely related genus Clavaria Vaill. ex L. that
were downloaded from NCBI GenBank, based on the
phylogeny of Birkebak et al. (2013, 2016), Adamcik et
al. (2016, 2017, 2020) and Tang et al. (2023). Additional
Hodophilus sequences were downloaded from UNITE
(Abarenkov et al. 2023) by searching for sequences
(search by NCBI+UNITE sequences; filter for Hodophilus)
and using MassBLASTer through the PlutoF workbench
(Abarenkov et al. 2010) to find sequences from NCBI and
UNITE with high similarity to sequences generated from
Australian specimens (Supplementary material 1: Table
of all sequences). The ITS and LSU datasets were aligned
separately using MUSCLE Alignment (Version 3.8.425)
(Edgar 2004) implemented in Geneious Prime (1000
maximum iterations, 100 maximum trees, all other set-
tings default), followed by manual editing including trim-

ming of sequence ends. Preliminary maximum
likelihood phylogenetic analyses were conducted sepa-
rately for the ITS and LSU alignments to check for incon-
gruence. We did not detect incongruence, so we
concatenated the ITS and LSU alighments and then
manually partitioned for ITS1-5.85-ITS2-LSU.

Maximum-likelihood (ML) phylogenetic analyses were
performed for the ITS1-5.85-ITS2-LSU alignment using
command-line IQ-TREE 2.2.2.6 (Nguyen et al. 2015, Minh
et al. 2020). IQ-TREE implemented partition models
(Chernomor et al. 2016) to test merging partitions and
ModelFinder (Kalyaanamoorthy et al. 2017) to test for
the best-fit substitution models for partitions according
to Bayesian Information Criterion (BIC). Partition models
merged ITS1-ITS2 and 5.85-LSU and ModelFinder
selected TPM2u+F+G4 as best-fit model for ITS1-ITS2
and TIM2+F+1+G4 for 5.85-LSU. The consensus tree was
estimated using UFBoot2 (Hoang et al. 2018) to calculate
ultrafast bootstrap support (UFBS) values from 10,000
replicates (Supplementary material 4: ML consensus
tree).

Bayesian analyses (Bl) were performed for the
ITS1-5.85-ITS2-LSU alighment using command line
MrBayes 3.2.6 (Huelsenbeck & Ronquist 2001, Ronquist
et al. 2012). The GTR+G+l| nucleotide substitution model
was applied. Two simultaneous runs of two million
MCMC iterations were performed, with four heated
chains, a heated chain temperature of 0.2, a sampling
frequency of 1000, and burn-in length of 25%, which
resulted in stable average standard deviation of split
frequencies below 0.01. Sequences of Clavaria pullei
were included as the outgroup for ML and Bl according
to the phylogeny of Birkebak et al. (2013, 2016).

As the topology of ML and Bl analyses were consistent,
only ML UFBS values = 95% and Bl posterior probability
(PP) > 0.90 are shown at nodes. For clades with ML UFBS
values = 95% and BI PP < 0.90, BI PP are shown in paren-
theses, and vice versa.

Supplementary materials, including the complete list of
sequences (Supplementary material 1: Table of all
sequences), the concatenated alignment (Supplemen-
tary material 2: ITS+LSU alignment), the partition file
(Supplementary material 3: ML partition file), the con-
sensus maximum likelihood phylogeny (Supplementary
material 4: ML consensus tree) and the data block used
for Bl analyses (Supplementary material 5: Bl data block)
are deposited on figshare (https://doi.org/10.6084/
m9.figshare.31064017).

Results
Phylogenetic analyses.

The ITS+LSU dataset contained DNA sequences from 97
specimens of at least 44 putative species of Hodophilus
(Supplementary material 1: Table of all sequences),
including sequences from 26 specimens from Australia
published in this study (Table 1). The aligned ITS+LSU
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99/1.00

Hodophilus phaeoxanthus | MH258237/— | France Holotype
Hodophilus rugulosus|HQ185707/—| USA Isotype
Hodophilus cf. micaceus | MH258248/MH258215 | Denmark
Hodophilus variabilipes | MF043546/MF043562 | Denmark
Hodophilus variabilipes | MF043543/MF043559 | Slovakia Holotype
00/1.00] Hodophilus micaceus|MH258227/MH258204 | UK Epitype
Hodophilus micaceus | MH258222/MH258199 | UK

Hodophilus cambriensis | MH258231/MH258208 | UK Holotype
Hodophilus cambriensis | MH258228/MH258205 | UK

100/1.00r Hodophilus cf. phaeoxanthus | KU882874/KP257219 | Canada
Hodophilus cf. phaeoxanthus | KP257150/KP257220 | Canada
Hodophilus anatinus| MH258217/MH258195 | UK

Hodophilus anatinus| MH258219/MH258197 | Sweden Holotype
Hodophilus subfuscescens | KU882872/— | USA Paratype

Hodophilus sp.|UDB03401029/— | AUS NT
99/1.00L Hodophilus sp.|UDB03401025/— |AUS NT
100/1 .Ool- Hodophilus sp.|UDB03401211/—| AUS QLD
Hodophilus sp.|UDB03401209/—| AUS QLD
Hodophilus decurrentior | MN619682/— | Norway
Hodophilus decurrentior| MN619681/— | Slovakia Holotype
100/1.00; Hodophilus carpathicus|MN619680/— | Slovakia
Hodophilus carpathicus | MN619679/MN619700 | Slovakia Holotype
100/1.00r Hodophilus stramineus|MN619691/MN619704 | UK Holotype
Hodophilus stramineus | MN619692/MN619705 | France
Hodophilus sp.| OR567624/—|NZ
100/1.00r Hodophilus phaeophyllus | MN619684/MN619702 | France

H. sect. Micacei

Hodophilus sp.‘Howick' | OR567621/OR567758 | NZ
Hodophilus sp.‘Hauru Falls’ | OR567625/—|NZ
Hodophilus sp. Hauru Falls’ | OR567546/OR567714 |NZ
9| ——|; Hodophilus sp. Kunanyi’ | PP275095/PX642499 | AUS TAS
Hodophilus sp. Kunanyi' | PP275094/—| AUS TAS
Hodophilus pseudoglabripes| MW528745/— | Thailand

Hodophilus pseudoglabripes | MW528743/MW404391 | Thailand Holotype
10011.00 100/1.00[ Hodophilus glabripes| MK894575/MK894562 | China Holotype

- Hodophilus glabripes | MK894566/MK894554 | China
_|——Hodophilus darwinensis | PP505405/PP702598| AUS QLD

H. darwinensis comb. nov.

100/1.00 Hodophilus sp.[UDB034071122]—[AUS QLD B
d 100/1.00, I Hodophilus sp.|UDB03401120/— | AUS QLD

H. sect. Phaeophylli E
1
1
1
1
1

Figure 1. Maximum likelihood consensus phylogeny of Hodophilus based on ITS and LSU sequences, revealing the placement
of H. darwinensis comb. nov., H. kearneyi comb. nov., H. citrinofoetens sp. nov. and several undescribed species from Australia
within the genus. ML UFBS values > 95% and Bl posterior probability (PP) = 0.90 are shown at nodes. For clades with ML UFBS
values > 95% and Bl PP < 0.90, Bl PP are shown in parentheses, and vice versa. Sequences of Clavaria pullei were included as
the the outgroup following Birkebak et al. (2013, 2016). Sequences generated in this study are in bold type. New combinations
are shown in blue highlight. The new species is shown in yellow highlight. Sections of Hodophilus defined by Adamcik et al.
(2020) are shown in grey highlight. GenBank or UNITE sequence accessions, location from which specimens were collected,

and type status are given after taxon names.

dataset comprised 1633 characters, of which 1116 were
constant and 390 were parsimony informative.

In the ML and BI phylogenetic analyses of ITS+LSU (Fig.
1), the clade containing all the species of Hodophilus has
high support (100% UFBS, 1.00 PP). The type species
of the genus, Hodophilus foetens, is recovered within a
well-supported (100% UFBS, 0.99 PP) clade correspond-
ing to section Hodophilus, as far as the species included
in this section by Adamcik et al. (2020). Hodophilus sec-
tion Micacei is also recovered with high support (100%
UFBS, 1.00 PP), as far as the species included in this sec-
tion by Adamcik et al. (2020). There is a clade that con-
tains all the species included in H. section Phaeophylli by
Adamcik et al. (2020) and Tang et al. (2023), as well as
an undetermined species from New Zealand and three
separate clades of eDNA sequences from Australia. This
clade has weak support that is below the significance
thresholds for ML UFBS and BI PP. Within this clade
there are two subclades. One clade (94% UFBS, 0.99 PP)
represents H. phaeophyllus, H. stramineus, H. carpathicus
and an undescribed species from New Zealand. The sis-
ter clade (100% UFBS, 0.99 PP) includes H. decurrentior,
along with Australian eDNA sequences forming three
distinct clades.

Sequences from Australian fungarium specimens or soil
samples place in multiple separate clades, representing
the two species recombined here as Hodophilus dar-
winensis and H. kearneyi, the novel species H. citrino-
foetens, and at least six putative undescribed species,
as well as singletons that remain unnamed. We have
assigned the provisional names H. sp. 'Coachwood’, H.
sp. 'eastern brown', H. sp. 'GG0196', H. sp. 'Kunanyi', H.
sp. 'light brown' and H. sp. 'western brown' to clades
newly identified based on Australian sporing body mate-
rial, alongside H. sp. 'Aongatete’, H. sp. 'Hauru Falls' and
H. sp. 'Howick' from New Zealand as identified by Coop-
er (2023). Four clades containing DNA sequences from
Australian soil samples remain "dark taxa" because
sporing bodies with DNA sequences have not yet been
matched to these clades to determine the morphology
of species.

Hodophilus darwinensis places in a well-differentiated,
highly supported (100% UFBS, 1.00 PP) clade represent-
ed by species from Asia, including H. glabripes from Chi-
na, H. pseudoglabripes from Thailand and H. indicus from
India. Within this clade, H. darwinensis is sister to H.
indicus in the consensus ML tree and BI tree, although
support for this relationship is below significance
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Hodophilus smithii| KP257161/KP257234 | USA
Hodophilus subfoetens | KX870000/KX869978 | UK
Hodophilus subfoetens|KP257165/KP257238 | Slovakia
Hodophilus pallidus | KU882898/KU882922 | Slovakia
r Hodophilus heslerii| KP257167/— | USA Type
00/1.00' Hodophilus heslerii| KP257160/KP257233 | USA
100/1.00; Hodophilus paupertinus|KU882889/— | USA Holotype
Hodophilus paupertinus | KP257166/KP257239 | USA
Hodophilus cf. foetens | —/MH258216 | UK
100/1.00r Hodophilus foetens | KX870012/KX869989 | UK
Hodophilus foetens | KX870008/KX869985 | Slovakia
Hodophilus tenuicystidiatus | KU882887/KU882915 | Estonia
Hodophilus tenuicystidiatus | KX870003/KX869981 | UK
Hodophilus cf. foTtens | KXS70007/K?(869980 |UK
100/1.00] Hodophilus sp.|UDB03401126/— | AUS QLD
Hodophilus sp.|UDB03401123/—| AUS QLD
100/1.00; Hodophilus atropunctus|KP257149/KP257217 | France

H. sect. Hodophilus

’

H. kearneyi comb. nov.

95/0.97 N _ " Hodophilu
T Fiodophiius sp.[OR567584/OR567741INZ
| Hodophilus sp.'GG0196’ | PQ637457/—| AUS TAS
Hodophilus kearneyi| PP505406/PP702599 | AUS NSW Holotype
Hodophilus kearneyi| PP505404/— | AUS NSW
951000 Hodophilus kearneyi| PQ637461/— | AUS TAS

100/1.00
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99/0.994 100/1.00

100/1.00) Hodophilus roseolus | OR567688/—| NZ

// 100/1.00[ Clavaria pullei| KP257132/KP257203 | Czech Republic
Clavaria pullei| MW549781/— | Spain
0.01

Figure 1. (Continued).

thresholds. Hodophilus kearneyi (99% UFBS, 0.99 PP) and
H. citrinofoetens (100% UFBS, 1.00 PP) both form highly
supported clades among a grade of several undescribed
putative species from Australia and New Zealand that
are phylogenetically close to H. hymenocephalus from
the USA. The clade of H. kearneyi is sister to a single
sequence from a specimen collected in New Zealand
that has 96.40-98.56% pairwise identity to ITS
sequences in the H. kearneyi clade. The H. kearneyi clade
includes two sequences from specimens collected in
NSW, including from the type locality in Lane Cove Bush-
land Park, and three sequences from specimens col-
lected in Tasmania, which confirms the distribution of
the species given by Young (2005). Two sequences from
specimens collected from the type locality of H. kearneyi
that were originally identified as H. kearneyi place in a
separate clade that we refer to as H. sp. 'Coachwood'
within the grade containing H. citrinofoetens. This clade
represents at least one undescribed species and the
variation between the two ITS sequences (95.28% pair-
wise identity) suggests the possibility of two separate
lineages that require further sampling. Another putative
undescribed species represented by sequences from

Hodophilus kearneyi| PQ637460/— | AUS TAS
Hodophilus kearneyi| PX642493/— | AUS TAS
Hodophilus sp.|OR567622/0R567759 | NZ
Hodophilus citrinofoetens | PP505400/PP702596 | AUS WA
98/0.97 Hodophilus citrinofoetens | PP275098/PX642495| AUS WA Holotype
951000l Hodophilus citrinofoetens | PP275097/— | AUS WA
Hodophilus citrinofoetens | PP505401/PP702597 | AUS WA
Hodophilus citrinofoetens | PP275089/PX642501 | AUS TAS
100/0.99- Hodophilus citrinofoetens | PP275096/— | AUS TAS
98/0.99|: Hodophilus sp.‘Coachwood’ | PX642491/—| AUS NSW
Hodophilus sp.‘Coachwood’ | PP505403/— | AUS NSW
Hodophilus sp. light brown’ | PX642492/—| AUS TAS
97/0.921 Hodophilus sp. light brown’ | PP275084/PX642503 | AUS TAS
991.001 | Hodophilus sp. light brown’ | PP275090/— | AUS TAS
Hodophilus sp.| OR567648/OR567776 | NZ
100/(0.64)— Hodophilus hymenocephalus | KU882876/—| USA
7/ wodophnus hymenocephalus | DQ484066/DQ457679| USA
Hodophilus hymenocephalus|—/KP257218 | USA
Hodophilus sp.‘eastern brown’ | PP275087/PV400338| AUS VIC

H. citrinofoetens sp. nov.

T Hodophilus sp.‘eastern brown’ | PP275086/PV400337 | AUS VIC
(o4y0.994__ | Hodophilus sp.‘eastern brown’ | PP275085/PV400336 | AUS VIC
1001100 — Hodophilus aff. foetens|KP257170/KP257243 | AUS TAS

= N Hodophilus sp.‘western brown’ | PP505402/— | AUS WA
(68)/0.90~—__

Hodophilus sp.‘western brown’ | PP275083/— | AUS WA
Hodophilus sp.‘western brown’ | PP505399/PP702595 | AUS WA
Hodophilus sp.‘Aongatete’ | OR567567/OR567727 |NZ

Hodophilus roseolus | OR567548/0R567715 | NZ

Australia and New Zealand, H. sp. 'light brown’, is sister
to H. hymenocephalus.

The clade of H. citrinofoetens comprises two distinct,
highly supported clades represented by specimens
from eastern and western Australia, respectively.
Although these clades are distinct, the pairwise identity
of ITS sequences across both the eastern and western
clades are between 97.83-100%, and consistent mor-
phological differences between the clades were not
detected. This species is formally described below
based on the phylogenetic placement and morphologi-
cal characters.

Morphological examination.

The morphological examination of Australian specimens
focused on three species recognised in the phylogeny:
H. darwinensis, H. kearneyi, and H. citrinofoetens. We
recognise the clade containing sequences from the type
specimen of Camarophyllopsis kearneyi in the phylogeny
as H. kearneyi. Examination of the pileipellis tissue of
H. kearneyi specimens was consistent with the descrip-
tions by Young (1999, 2005), which are congruent with
other species placed in Hodophilus. We assign the name
Hodophilus darwinensis to the sequenced specimen (BRI

VERSION OF RECORD 5



VAUGHAN ET AL. | A PRELIMINARY INVESTIGATION OF HODOPHILUS (CLAVARIACEAE) IN AUSTRALIA, WITH NEW SPECIES DESCRIPTION

AQ0669231) in the phylogeny identified as Camarophyl-
lopsis darwinensis by Young (2005). Although we were
unable to obtain sequences from the holotype spec-
imen of this species, examination of both specimens
showed that the micromorphology of BRI AQ0669231 is
consistent with the holotype.

We assign the name H. citrinofoetens to the clade of
sequences from specimens with bright yellow colours
and strong naphthalene odour, which was selected for
description based on its unique morphological features
in comparison to the other undescribed species from
Australia.

Discussion
Infrageneric classification.

In the phylogeny (Fig. 1), we have indicated the mem-
bership of species within H. sections Hodophilus, Micacei
and Phaeophylli based primarily on the placement of
Northern Hemisphere species that have already been
assigned to these sections by Adamcik et al. (2020). We
place a number of additional putative Southern Hemi-
sphere species within H. sect. Phaeophylli because these
putative species are intermingled with Northern Hemi-
sphere species in that section. We note, however, that
there is low support for the clade of H. sect. Phaeophyilli.
We do not have morphological data for the Australian
putative species that are represented by eDNA
sequences from soil. The New Zealand specimen (PDD
107271; GenBank: OR567624) appears to conform mor-
phologically with the section, without yellow colour or
dark dots on the stipe, but it is noted to have an unspec-
ified distinctive odour.

We also note there are some clades in the phylogeny
that could potentially be included in other existing sec-
tions, including H. sect. Micacei, by extending the bound-
aries of those clades. For example, a number of putative
Southern Hemisphere putative species, including
Hodophilus sp. 'Kunanyi', and the clade of tropical
species from Asia and Oceania, including H. darwinensis,
are recovered within a strongly supported clade that
includes H. sect. Micacei. However, we hesitate to
include these species in H. sect. Micacei on the basis
of this phylogeny and without detailed morphological
examination. It can also be argued that the clade of
tropical species may represent another viable section
defined by its robust phylogenetic placement and the
disjunct distribution of its species from those of other
currently defined sections.

Some undescribed putative species from Australia and
New Zealand that are phylogenetically close to H.
hymenocephalus form an unsupported clade with H.
sect. Hodophilus, and additional Southern Hemisphere
species such as H. roseolus place outside that unsup-
ported clade. Some of these species could potentially
be included in H. sect. Hodophilus but there is no sup-
port for the backbone of the tree to justify this. It is
unclear if some of these Australian and Zealand taxa

may also require their own infrageneric taxa. Future
studies with additional coding markers and comprehen-
sive sampling of Southern Hemisphere diversity would
assist with determining the infragenetic placement of
Southern Hemisphere species, as well as effective
species delimitation. Mapping of morphological charac-
ters onto a multi gene phylogeny would also be of inter-
est.

Recombination of former Camarophyllopsis species H.
darwinensis and H. kearneyi.

The recombination of H. darwinensis and H. kearneyi
within the genus Hodophilus is justified by the phyloge-
netic placement of representative sequences and the
robust support for the clades within which these
sequences are recovered. The recombination is also
supported morphologically by the hymeniderm pileipel-
lis that is composed of globose, clavate or sphaerope-
dunculate terminal cells. With H. darwinensis and H.
kearneyi recombined in Hodophilus, we do not have any
confirmed specimen records of Camarophyllopsis from
Australia, since all available sequences from specimens
previously identified as Camarophyllopsis place within
Hodophilus. However, 105 eDNA sequences on the Plut-
oF database that were isolated from soil samples col-
lected in Australia are labelled as Camarophyllopsis
(Abarenkov et al. 2010). Preliminary phylogenetic analy-
ses (not shown) of the PlutoF eDNA sequences labelled
as Camarophyllopsis confirms they place in a clade with
Camarophyllopsis schulzeri (Bres.) Herink, the type
species of that genus. Further collections of sporing
bodies that match these sequences would be needed to
confirm the presence of Camarophyllopsis in Australia.

Taxonomy

Hodophilus darwinensis (A.M. Young) L.J.

Vaughan & T.W. May, comb. nov.
MB861980

Basionym: Camarophyllopsis darwinensis A.M. Young, in
Young & Wood, Austral. Syst. Bot. 10: 1017 (1997).

Typification: NORTHERN TERRITORY, Darwin (12.399917° S,
130.93125° E), on soil in monsoon forest, 22 Feb 1985, A.E.
Wood & W. Kilkeary UNSW 85/127 (holotype UNSWDB16576!).

Fig. 2

Key characters: Sporing bodies with creamy buff-
brown or pinkish fawn (5AB-5B3) pileus, drying to pale
buff with pinkish tints (4A3); pale pinkish (5A2) lamellae;
stipe white to very pale cream-coloured (4A2);
basidiospores 5.2 x 4.8 pm, Q = 1.0-1.3; pileipellis an
epithelium of globose or pyriform elements 12-26 x
6-16 pm.

For a full description based on the holotype see Young
& Wood (1997) and for the description also including
material from Queensland, see Young (2005).
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Table 1. Australian Hodophilus specimens for which ITS and LSU sequences were generated for this study.

Taxon Original Specimen Locality Date Collector ITS LSU
determination
H. citrinofoetens ~ Camarophyllopsis sp. MEL AUS:TAS 30-Aug-2003 G.M. Gates, D.A. PP275096 —
2524949 Ratkowsky 4141
H. citrinofoetens ~ Camarophyllopsis sp. PERTH AUS:WA  23-Jun-2006 K. Syme 1543 PP505401 PP702597
08118914
H. citrinofoetens ~ Camarophyllopsis sp. MEL AUS:WA 23-Jun-2006 K. Syme 1543 PP275097 —
2526029
H. citrinofoetens ~ Camarophyllopsis sp. PERTH AUS:WA  6-Jun-2013 R.M. Robinson, P. ~ PP505400 PP702596
08166587 Anderson FC 1896
H. citrinofoetens ~ Camarophyllopsis sp. MEL AUS:TAS 24-Aug-2015 G.M. Gates 3151 PP275089 PX642501
2392821
H. citrinofoetens Marasmius sp. MEL AUS:WA 19-Jun-2004 K. Syme 1327/04 PP275098 PX642495
HOLOTYPE 2292260
H. darwinensis Camarophyllopsis BRI AUS:QLD 20-May-2001 P.I. Forster, R. Booth, PP505405 PP702598
darwinensis AQ0669231 A.M. Young PIF27253
H. kearneyi Camarophyllopsis sp. HO587534 AUS:TAS 30-Aug-1995 A.K. Mills 1352 PQ637460 —
H. kearneyi Camarophyllopsis sp. HO587536 AUS:TAS 16-Apr-1996 A.K. Mills 1382 PQ637461 —
H. kearneyi Camarophyllopsis BRI AUS:NSW 28-Jun-1998 R. Kearney, E. Kearney PP505404 —
kearneyi AQ0807939 2158
H. kearneyi Camarophyllopsis MEL AUS:TAS 26-May-1999  A.M. Young 2236 PX642493 —
kearneyi 2089735
H. kearneyi Camarophyllopsis  DAR0073919 AUS:NSW 13-Jun-1998 R. Kearney, E. Kearney PP505406 PP702599
HOLOTYPE kearneyi s.n.
H. sp. 'Coachwood'  Camarophyllopsis BRI AUS:NSW 16-Jun-1998 A.M. Young 2152 PP505403 —
kearneyi AQ0799520
H. sp. 'Coachwood'  Camarophyllopsis BRI AUS:NSW 26-Jun-1998 A.M. Young 2159 PX642491 —
kearneyi AQO0799519
H. sp. 'eastern Hodophilus sp. MEL AUS:VIC 12-Aug-2023 LJ. Vaughan 11 PP275085 PV400336
brown' 2533398
H. sp. 'eastern Hodophilus sp. MEL AUS:VIC 12-Aug-2023 L.J. Vaughan 12 PP275086 PV400337
brown' 2533399
H. sp. 'eastern Hodophilus sp. MEL AUS:VIC 12-Aug-2023 L.J. Vaughan 13 PP275087 PV400338
brown' 2533400
H. sp.'GG0196'  Camarophyllopsis sp. HO608630 AUS:TAS 7-Nov-2000 G.M. Gates, D.A. PQ637457 —
Ratkowsky 0196
H. sp.'Kunanyi'  Camarophyllopsis sp. MEL AUS:TAS 26-Jul-1999 S.).M. McMullan-Fisher PP275095 PX642499
2300641 403
H. sp.'Kunanyi'  Camarophyllopsis sp. MEL AUS:TAS 23-Jul-2001  SJ.M. McMullan-Fisher PP275094 —
2300665 1500
H. sp. 'light brown' Camarophyllopsis sp. HO608636 AUS:TAS 10-Jul-2001 G.M. Gates, D.A. PX642492 —
Ratkowsky 0201
H. sp. 'light brown' Camarophyllopsis sp. MEL AUS:TAS 6-May-2003 G.M. Gates, D.A. PP275090 —
2524961 Ratkowsky 4147
H. sp. 'light brown' Camarophyllopsis sp. MEL AUS:TAS 22-Jul-2003 G.M. Gates, D.A. PP275084 PX642503
2524962 Ratkowsky 4146
H. sp. 'western Fungi indet. MEL AUS:WA  16-Jul-2002 K. Syme 1205/02 PP275083 —
brown' 2233864
H. sp. 'western Camarophyllopsis sp. PERTH AUS:WA  16-Jul-2002 K. Syme 1205/02 PP505402 —
brown' 08118701
H. sp. 'western Camarophyllopsis TENN- AUS:WA  18-Jul-2011 P.B. Matheny 3644  PP505399 PP702595
brown' foetens F-066509

Sequenced specimen examined: QUEENSLAND, State
Forest 185 Danbulla, Kauri Creek Rd (17.110131° S,
145.551937° E), in sandy soil under ferns beside creek,
within 20 cm of water line, in open forest of Alloca-

suarina torulosa, Syncarpia glomulifera, Eucalyptus tereti-
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Figure 2. Morphology of Hodophilus darwinensis comb. nov. A-C. Holotype UNSWDB16576. A-B. Dried specimens. D-F. BRI
AQ0669231. D. Fresh specimen, photograph by P.I. Forster (Queensland Herbarium and Biodiversity Services). E. Dried speci-
men. C, F. Pileipellis in 5% KOH and Congo Red, showing globose or pyriform terminal elements of the epithelium pileipellis.
Scale:A,E=10mm; B=2mm; C, F=40 pm.

Notes. The pileipellis of Hodophilus darwinensis is an
epithelium of globose or pyriform cells according to
Young & Wood (1997) and this was confirmed from the
two known specimens identified by Young (2005) that
were examined for this study. This morphological char-
acter, as well as the placement of DNA sequence data
from BRI AQ0669231 within the clade of Hodophilus, jus-
tify its recombination in this genus as also suggested
by Zhang et al. (2019). We were unable to obtain DNA
sequences from the holotype to confirm that the two
specimens identified as this species by Young (2005) are
phylogenetically conspecific, but microscopic characters
are consistent between the two specimens. Hodophilus
darwinensis is the only representative of the genus so far
known from northern Australia. Additional modern col-
lections from tropical Australia with photographs, field
notes and DNA sequence data may assist in determining
the morphological, phylogenetic, and ecological limits of
this species and if there is additional diversity to recog-
nise.

The report of Hodophilus darwinesis in A field guide to
Tasmanian Fungi (Gates & Ratkowsky 2014) appears to
be a misidentification. The sporing bodies are described
as "dull pinkish brown" and the accompanying photo-
graph shows sporing bodies that are pinkish brown,
becoming browner as they expand. The colour at matu-
rity is browner in comparison to the characters of the
sequenced specimen from north Queensland (BRI
AQO0669231) identified by Young (2005) and in compar-
ison to the original description of H. darwinensis, which
was based on the type from the Northern Territory,
where the pileus is described as "creamy buff brown
when young aging to pallid cream with a faint pinkish

hue" (Young & Wood 1997). In addition, it is unlikely that
a species such as H. darwinensis, originally described
from tropical Northern Australia, would also be found
in Tasmania. The pictured collection has a voucher (MEL
2525022) for which a sequence is yet to be generated.
The collection may represent one of the four unde-
scribed putative species in the phylogeny that are rep-
resented in Tasmania, which all have a brownish or light
brownish pileus.

Seven observations from southern Australia on the cit-
izen-science platform iNaturalist (https://www.inatural-
ist.org/) have been identified as C. darwinensis, but these
are erroneous identifications that are not consistent
with the original description of the species. These obser-
vations (e.g., https://www.inaturalist.org/observations/
168932357) are representative of another putatively
novel species that belongs in the vicinity of Loreleia Red-
head et al. in Hymenochaetales Oberw., based on DNA
sequences obtained from the collection MEL 2573166
(https://www.inaturalist.org/observations/299815106).

The specimen barcode of the holotype, UNSWDB16576,
is from the Australasian Virtual Herbarium
(https://avh.ala.org.au/). The holotype was originally cit-
ed in the protologue as UNSW 85/127 (Young & Wood
1997).

Hodophilus kearneyi (A.M. Young) L.J.

Vaughan & T.W. May, comb. nov.
MB861981

Basionym: Camarophyllopsis kearneyi A.M. Young, Austrobai-
leya 5: 562 (1999).
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Figure 3. Morphology of Hodophilus kearneyi comb. nov. A-C. Holotype DAR 73919. A. Dried specimen. B-C. Squash of the
pileipellis in 5% KOH and Congo Red, showing globose to pyriform terminal cells of the epithelium pileipellis. Scale: A =6 mm;
B, C=40 pym.

Typification: NEW SOUTH WALES, Lane Cove Bushland Park
(33.816667° S, 151.166667° E), in sandy soil under ferns
beside creek in gallery warm-temperate rainforest, 13 June
1998, R. & F. Kearney s.n. (holotype DAR 73919!). GenBank: ITS
= PP505406; LSU = PP702599.

Fig. 3

Key characters: Sporing bodies with pale brown (5C4)
pileus with a darker centre, with smooth surface that is
finely micaceous under lens; lamellae white to greyish
white; stipe pale brown (5C2) with fine scattered brown-
ish fibrils; basidiospores 4-4.9-6 x 4-4.6-5 pm,
Q=1.0-1.2(-1.3); pileipellis an epithelium of globose or
pyriform elements 13-23 ym diameter.

For a full description see Young (1999).

Sequenced specimens examined: AUSTRALIA. NEW
SOUTH WALES: Gore Creek (33.819533° S, 151.177544°
E), in rainforest gully, 28 Jun 1998, R. Kearney, E. Kearney
2158 (BRI AQ0807939). TASMANIA: Mount Wellington,
Jacksons Bend Track (42.916667° S,147.266667° E), 30
Aug 1995, A.K. Mills 1352 (HO 587534); 16 Apr 1996, A.K.
Mills 1382 (HO 587536); Growling Swallet, near Mount
Field (42.6833° S, 146.4867° E), gregarious in moss, cool
temperate rainforest, 19 May 1999, AM. Young 2236
(MEL 2089735).

Additional specimen examined: AUSTRALIA. TASMA-
NIA: Little Florentine River (42.7369° S, 146.4233° E),
caespitose and gregarious in soil in very sheltered site
amongst moss and under old tree fern, in cool tem-
perate rainforest, 26 May 1999, AM. Young 2269 (MEL
2089736).

Distribution & habitat: So far known from New South
Wales and Tasmania in warm-temperate and cool-tem-
perate rainforests.

Conservation status. Hodophilus kearneyi (as Camaro-
phyllopsis kearneyi) is listed as endangered in NSW
(https://threatenedspecies.bionet.nsw.gov.au/pro-
file?id=10141) due to the limited number of places it has
been found.

Notes. The placement of DNA sequences from the
Camarophyllopsis kearneyi holotype DAR 73919 within
the clade of Hodophilus justifies the recombination of

this species in the genus Hodophilus. This phylogenetic
placement is also supported by morphological charac-
ters, such as the epithelium pileipellis of globose to pyri-
form terminal elements and the scattered fibrils on the
stipe surface. These morphological characters were con-
sistent in two MEL specimens identified by Young (2005)
and additional collections from HO and BRI that were
examined for this study.

Hodophilus kearneyi is among the Southern Hemisphere
species that place phylogenetically close to H. sect.
Hodophilus, but whose placement is not currently justi-
fied within this section because of the lack of support for
the backbone of tree based on current available data,
as discussed above. The morphology of the species as
described by Young (1999) illustrates a pale brown
species with scattered brown fibrils on the stipe but
without any information about odour. Most species in H.
sect. Hodophilus are described as having distinct naph-
thalene-like odours, except for H. atropunctus, as noted
in the introduction, which lacks a strong odour but does
have dark dots on the stipe (Adamcik et al. 2016, 2017,
2020). Hodophilus variabilipes Jancovi¢.,, Adamcik &
Looney is the only other Hodophilus species described
as having dark dots on the stipe, for example in the key
from Adamcik et al. (2020) or Tang et al. (2023), but this
has been observed in H. kearneyi and other Australian
putative species yet to be described. Although odour is
not mentioned in the species description of H. kearneyi
or in the collection notes of specimens cited here, this
does not necessarily mean the species does not have
an odour that was simply not detected at the time of
collection. Modern collections of H. kearneyi with pho-
tographs and field notes, paying particular attention to
the odour of fresh specimens, especially when bruised,
will be informative in further characterising how this
species differs from known species around the world
and other putative Australian species.

Four collections (BRI AQ0799519, BRI AQ0799520,
HO616959, HO616961) made by A.M. Young from under
Coachwood (Ceratopetalum apetalum D.Don) at the type
locality of C. kearneyi around Gore Creek in Lane Cove,
New South Wales, were originally identified as C. kear-
neyi. Young (1999) was presumably referring to these
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collections when he noted that "There may possibly be
a second species of Camarophyllopsis at the Gore Creek
site. Collections of material readily identified as the
genus Camarophyllopsis have been found caespitose on
sandy soils under coachwood (Ceratopetalum apetalum).
Dried material and descriptions so far have been incon-
clusive and the coachwood collections may just be a
variety of C. kearneyi". DNA sequences from the two
BRI collections place in a separate clade to H. kearneyi
that we label H. sp. 'Coachwood'. This clade represents
at least one putative species requiring formal descrip-
tion. However, the variation between the two sequences
in the clade (95.28% pairwise identity) indicates there
might be more than one novel species requiring formal
description.

Hodophilus citrinofoetens L.J. Vaughan &

T.W. May, sp. nov.
MB862780

Typification: AUSTRALIA, WESTERN AUSTRALIA, Denmark
Shire, Tingledale, Pedro Fireline Road off Dingo Flat Road
(34.9167 S, 116.6833 E), in litter of Eucalyptus diversicolor,
Corymbia calophylla and E. jacksonii, in tall forest, at side of
gravel road, 19 Jun 2004, K. Syme 1327/04 (holotype MEL
2292260!). GenBank: ITS = PP275098, LSU = PX642495.

Synonymy: Camarophyllopsis sp. 'yellow' as used in Gates &
Ratkowsky (2014).

Figs. 4,5

Diagnosis: Pileus, lamellae and stipe all with yellow
colours that become slightly more intense when dry;
with a strong naphthalene odour; decurrent lamellae.

Etymology: from Latin citrinus (lemon yellow) and
foetidus (stinking); named for the yellow sporing bodies
and the distinctive naphthalene odour that has previ-
ously been described from Hodophilus species of the
Northern Hemisphere, including the type species,
Hodophilus foetens. The colour is close to "citrinus" as
illustrated by Saccardo (1894).

Habit sporing bodies terrestrial, occurring gregariously
or sometimes in caespitose groups.

Pileus 3-14 mm wide, convex, sometimes becoming
truncated at apex, circular, margin straight, crenate to
crenulate, sometimes inrolled between lamellae,
transluscent-striate; surface dry, dull, smooth, glabrous,
or appearing sometimes slightly atomate under lens;
dull light yellow near 4A5 to bright deep yellow 4A6-7,
sometimes with yellow pink undersurface, sometimes
drying paler 3A3 to 4A2-4, hygrophanous; pileus con-
text firm, solid, to about 2 mm thick, yellow, almost
translucent when moist. Lamellae up to 7 mm long,
up to 5 mm deep, decurrent to subdecurrent, arcuate,
moderately thick, subdistant to distant (L = 9-13 per
sporing body), with lamellulae present but sometimes
very short (I = 8-12 per sporing body); edge and face
smooth; pastel yellow 1A4, yellow 4A5 to orange-yellow
between 4A6 and 5A6, sometimes with a hint of pink.
Stipe 18-33 mm long, 1.5-4 mm wide; central; cylin-
drical, often tapering downwards, and in cross section
often much wider at apex between lamellae and pileus;
surface smooth, glabrous, or sometimes with innately
appressed fibrils or minute scales forming banded
aggregations; pale yellow 3A3-5, sometimes tending
greenish, or sometimes almost translucent when moist,

Figure 4. Macromorphology of Hodophilus citrinofoetens sp. nov. A-C. Holotype MEL 2292260. A. Fresh specimen, photograph
by K. Syme. B-C. Dried specimens. D-E. MEL 2524950. D. Fresh specimen, photograph by G.M. Gates. E. Dried specimen. F.
HO608631 fresh specimen, photograph by G.M. Gates. Scale: A, F=10 mm; B, E=6 mm; C=2 mm.
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Figure 5. Micromorphology of Hodophilus citrinofoetens sp. nov. in 5% KOH and Congo Red. A-C. PERTH 08118914, elements
of the pileipellis. D. PERTH 08118914, basidiospores. E. Holotype MEL 2292260, basidia (two right elements). F. Holotype MEL
2292260, cheilocystidia of the lamellae edge (two central elements). G-1. PERTH 08166587, caulocystidia of the stipe. Scale: A,
B=40pm; C, G, H, =20 pm; E, F=10 um; D =5 pm.

then drying opaque, yellow 3A4. Odour very strong
naphthalene. Spore print creamy white.

Basidiospores 5-9.5 x 4-7 pm, 5.80-6.402-6.90 x
4.43-5.297-6.00 um (149/10), globose to subglobose, Q
=1-1.9, 1.068-1.224-1.407, hyaline, hilar appendage up
to 1 pm, subdermal oil vessels often present. Basidia
40-45 x 7-8 ym, 4-spored, occasionally 2-spored, nar-
rowly clavate, with sterigmata 4-7 x 2-2.5 ym. Cheilo-
cystidia present on lamellae edge, thin-walled, usually
narrowly clavate to cylindrical with wavy outline, apex
rounded, up to 35 x 2.5-6 pm. Pleurocystidia present
on lamellae face, like cheilocystidia. Hymenophoral
trama regular, consisting of cylindrical hyphae 2-5 pm
diameter, thin-walled, hyaline, as well as larger inflated
elements up to 10 pm diameter. Pileipellis a hymeni-
derm of vertically arranged elements; terminal cells of
pileus margin 27-91 x 15-35 pm (15-35 pm wide at
widest point, often 5-7 pm at base), sphaeropeduncu-

late to broadly clavate to subglobose, occasionally
branching near base; subterminal cells of pileus margin
often septate, often arranged in chains of cylindrical
segments 5-7 pm wide, sometimes of similar shape to
terminal elements, up to 77 ym long and 37 pm wide;
terminal cells of pileus centre 23-160 x 14-49 pm, sub-
globose to broadly clavate, sphaeropedunculate, or bal-
lon-shaped; subterminal cells of pileus centre similar
to those at margin; emerging from regularly arranged
pileus trama. Stipitipellis a cutis of cylindrical hyphae
1.5-6 pm wide, occasionally inflated up to 11 ym wide,
thin-walled, hyaline. Caulocystidia scattered, 35-90 x
6-11.5 pym, clavate to cylindrical, outline often wavy,
apex rounded and often slightly capitate. Clamp con-
nections absent.

Sequenced specimens examined: AUSTRALIA. WEST-
ERN AUSTRALIA: West Cape Howe NP, Bibbulmun Track,
west of road (35.099861° S, 117.628306° E), in grey sand
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with species of Melaleuca (long-leaved paperbark), Ago-
nis/Taxandria and Acacia, 23 Jun 2006, K. Syme 1543
(PERTH 08118914, dupl. MEL 2526029); Grid FC 56, Bar-
lee forest block, access from the N via track from
Graphite Road (34.162653° S, 116.503883° E), on ground
in tall open forest associated with vegetation of Corym-
bia calophylla and Eucalyptus marginata subsp. margina-
ta, 6 Jun 2013, R.M. Robinson, P. Anderson FC 1896 (PERTH
08166587); TASMANIA: Kunanyi/Mt Wellington, track to
Silver Falls (42.916667° S, 147.25° E) on soil in wet scle-
rophyll, 30 Aug 2003, G.M. Gates, D.A. Ratkowsky 4141
(MEL 2524949); Mt Wellington, Middle Island Fire Trail
(42.916667° S, 147.25° E), on soil in wet sclerophyll, 25
Aug 2015, G.M. Gates 3157 (MEL 2392821).

Additional specimens examined: AUSTRALIA. WEST-
ERN AUSTRALIA: South Coast Highway, Loc 406, N of
stream, adjoining Mt Shadforth Reserve (34.979722° S,
117.284444° E), gregarious in loam with Corymbia calo-
phylla and Allocasuarina decussata, 6 Jul 1995, K. Syme
840/95 (PERTH 08969930); West Bay Bushland, Leeuwin-
Naturaliste National Park, Augusta (34.288778° S,
115.147972° E), within litter, in open woodland of
Corymbia calophylla and Agonis flexuosa, 29 Jun 2008,
M. Brundrett, A. Dyson E 9157 (PERTH 08095213). TAS-
MANIA: Mt Wellington, Jackson's Bend (42.916667° S,
147.25° E), wet sclerophyll, 7 Nov 2000, G.M. Gates 0193
(HO608631); Bermuda Road (a.k.a. Bermuda Hill)
(43.066667° S, 146.9° E), on soil in wet sclerophyll, 16
August 2003, G.M. Gates, D.A. Ratkowsky 4139 (MEL
2524950); Kunanyi/Mt Wellington, Old Farm Trail (42.9°
S, 147.25° E), 19 Aug 2003, G.M. Gates, D.A. Ratkowsky
4140 (MEL 2525012).

Distribution & habitat: Known from Tasmania, in wet
sclerophyll forests, and the South West region of West-
ern Australia, where it has been found associated with
Eucalyptus diversicolor, E. jacksonii, Corymbia calophylla,
and species of Acacia, Allocasuarina, Melaleuca, Agonis
and Taxandria. Emerging from leaf litter or sometimes
from soil, sometimes attached to leaf litter.

Notes. This species was included by Gates & Ratkowsky
(2014) as Camarophyllopsis sp. 'yellow'. We examined
the specimen (HO608631) pictured in Gates and
Ratkowsky (2014) and confirm this as H. citrinofoetens
based on morphology. Some fungarium collections have
been labelled as Camarophyllopsis sp. 'yellow with moth-
ball odour'. This is a rarely detected species that has
only been found in a small number of localities in Tas-
mania and the South West region of Western Australia.
Two iNaturalist observations (iNaturalist: 52915949, WA;
4300939, TAS) may be referable to this species.

Structures in the hymenium described as cheilocystidia
did not project beyond the basidia but nevertheless
were differentiated from basidioles because the cheilo-
cystidia were wavy in outline and narrower than basidi-
oles.

Phylogenetic and morphological comparison of H. citrino-
foetens to similar species.

The bright yellow colours in the pileus, stipe and lamel-
lae of H. citrinofoetens in combination with a strong
naphthalene odour are unique among previously
described Hodophilus species. Species of H. sect.
Hodophilus, such as H. foetens, are noted for having dis-
tinct naphthalene odours (except for H. atropunctus) but
sporing bodies of this section are mostly shades of
brown and not typically yellow (Adamcik et al. 2016,
2017, 2020). Sporing bodies of H. sect. Micacei have yel-
low colours on the stipe, and sometimes on the pileus,
but are not typically noted for having strong naphtha-
lene odours, even though some species are noted to
have weak odours (Adamcik et al. 2018). Species of H.
sect. Phaeophylli usually have pale to dark brown
sporing bodies without naphthalene odours or yellow
colours (Adamcik et al. 2020). Hodophilus citrinofoetens
places outside all three sections, as they are currently
defined, and is readily phylogenetically distinguishable.

Some morphologically similar species in Australasia
include H. roseolus (G. Stev.) J.A. Cooper from New
Zealand, and H. kearneyi and H. darwinensis in Australia.
When fresh, H. citrinofoetens can be easily distinguished
from these species by the brighter, yellow colours of
the pileus, lamellae and stipe, and also by having larger
spores than H. darwinensis and H. kearneyi. However, it
is noted that each of these species are pale-coloured
and dried material of H. citrinofoetens is very similar in
colour to dried specimens of H. kearneyi and H. dar-
winensis examined for this study (Fig. 2, 3, 4). Sporing
body colours become less reliable for distinguishing
species in the examination of preserved collections of
these species, even though H. darwinensis is a phylo-
genetically distant species from northern Australia with
non-overlapping distribution. Therefore, thorough field
notes are important for recording characters that are
not preserved in dried material, such as colours, shape,
odour and size when fresh. Photographs capturing
these morphological features when fresh, especially
across a range of sporing body ages, will greatly assist
in recognising the distinctive morphological features of
the other undescribed Australian Hodophilus species.

Comparison of H. citrinofoetens to undescribed Aus-
tralasian species.

The closest known phylogenetic relatives of the novel
species H. citrinofoetens include H. sp. 'Coachwood' from
Lane Cove, NSW, previously misidentified as Camaro-
phyllopsis kearneyi, as well as a specimen from New
Zealand (PDD 107269: GenBank ITS = OR567622) and
the clade of H. kearneyi. Specimens from these clades
have rather dull-coloured, waxy sporing bodies with
decurrent lamellae that are various shades of pale
brown. Hodophilus citrinofoetens is macromorphologi-
cally well differentiated from these putative phylogenet-
ic species and most of the other remaining Australian
putative phylogenetic species of Hodophilus, which are
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also typically shades of brown. Hodophilus sp. 'eastern
brown' and H. sp. 'western brown' are both brown to
dark brown species that have been collected from sim-
ilar localities to H. citrinofoetens in Tasmania and the
South West region of Western Australia. They share the
strong naphthalene odour character with H. citrino-
foetens, but are easily distinguished from H. citrino-
foetens by sporing body colour. Each of the undescribed
putative phylogenetic species from Australia require
further investigation to phylogenetically delimit species
and establish the most appropriately informative taxo-
nomic characters to differentiate them.
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