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ABSTRACT

We describe a new species, Diacheopsis resinae (Myxomycetes), collected from a microhabitat
new for myxomycetes: stem wounds of coniferous trees (Norway spruce) where the resin is
overgrown with a community of resinicolous fungi. The 80 known collections come from the
Vosges (France), the Black Forest (Germany), Swabian Alp (Germany), and several localities in
Denmark and Norway. Observations, but as well as metabarcoding of substrate samples with
fungal (ITS [internal transcribed spacer]), bacterial (16S rDNA), and myxomycete (185 nuc
rDNA) primers from eight trunks, revealed the new myxomycete to co-occur with resin-
degrading ascomycetes (Infundichalara microchona, Lophium arboricola, Zythia resinae). The
gram-negative bacterial genera Endobacter and Sphingomonas were found to be abundant in
the substrate and may be a food source for the myxomycete. Fruit bodies were found mostly
during the more humid winter season, with a peak in January/February. Partial sequences of
two independent molecular markers (185 nuc rDNA, EFTa [elongation factor 1-alpha] gene)
were obtained for 41 accessions, which form a monophyletic cluster in a two-gene phylogeny
of Stemonititidales but do not group with other species of Diacheopsis, thus rendering this
genus paraphyletic. The new species, although exclusively developing sessile sporocarps and
morphologically undoubtedly falling into the genus Diacheopsis, is most closely related to
species of Lamproderma, especially L. album, L. zonatum, and L. zonatopulchellum. Within
D. resinae, three groups can be differentiated, which show nearly complete reproductive
isolation, as judged from a recombination analysis of the two unlinked markers and the
allelic combinations of the EFTa gene.
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INTRODUCTION Didymiaceae (Prikhodko, Shchepin, Bortnikova

et al. 2023; Ronikier et al. 2022) and Lamproderma

The genus Diacheopsis was erected by Meylan
(1930), who described D. metallica, a species
belonging to the ecological guild of nivicolous myx-
omycetes discovered by him (Kowalski 1975;
Meylan 1908). Fructifications occur at the edge of
melting snowbanks, although not exclusively in
alpine areas (Ronikier and Ronikier 2009).
Nivicolous myxomycetes are members of under-
snow microbial communities that need a long, con-
tinuous insulating snow cover to form
fructifications in the spring with the snow melt
(Schnittler et al. 2015). The group comprises around
100 taxa of mostly dark-spored myxomycetes
(FioreDonno et al. 2012), such as Diderma and
Lepidoderma (now Polyschismium) in the family

and Diacheopsis within the Lamprodermataceae
sensu Leontyev et al. (2019).

Diacheopsis Meyl. shares many morphological simi-
larities with Lamproderma Rostaf.; the most prominent
distinguishing character is the absence of stalk and
columella, causing sessile fructifications. Both genera
are traditionally included in the order Stemonitidales
(= Stemonitales) (Kowalski 1968, 1970) and belong to
the dark-spored clade of myxomycetes (FioreDonno
et al. 2012). In the proposal of Leontyev et al. (2019)
for a classification of the myxomycetes, Lamproderma is
placed in the family Lamprodermataceae within the
order Physarales, together with the genera Diacheopsis,
Colloderma, and Elaeomyxa, whose relationship to
Lamproderma is not resolved.
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The genus Diacheopsis currently comprises 19 spe-
cies recognized by Lado (2005-2023). Of these, six
species are nivicolous, four are corticolous, and the
remaining species are litter inhabiting, xylobionts, or
those of which habitat preferences cannot be inferred
from the few known observations.

This study describes a taxon in the genus Diacheopsis
localities in Denmark, France,
Germany, and Norway with an ecological niche new

from numerous

for myxomycetes: stem wounds of Norway spruce
(Picea abies) where the resin overgrown with
a community of resinicolous fungi. Using two indepen-
dent markers (185 nuc eDNA as a barcoding marker
established for myxomycetes and the EFla [elongation
factor 1-alpha] gene as an independent second marker),
we aim (i) to ascertain the systematic position of the
new species by a combination of both markers, (ii) to
exclude morphologically similar species via the 18S nuc
rDNA barcodes, the gene sequenced most often for
myxomycetes, and (iii) to reveal the internal genetic
structure of the new taxon by recombining sequence
variants (multilocus “fields for recombination” [Doyle
1995]; see example in Flot et al. 2010). To investigate the
composition of bacterial and fungal communities in the
new microhabitat and to confirm the presence of vege-
tative stages of the myxomycete, we employ metabar-
coding for fungi and bacteria via the established
barcoding markers ITS (internal transcribed spacer)
and 16S rDNA, respectively.

MATERIALS AND METHODS

Collection sites and field sampling.—The new species
was mostly found in three countries and two regions of
Europe: the Vosges Mountains and the Black Forest
(France/Germany, separated by the ca. 70 km wide
valley of the Rhine) and in lowland forests in
Denmark. In addition, three records are known from
Norway (SUPPLEMENTARY FILE 1).

The Vosges are a mid-elevation (up to ca. 1400 m
above sea level [a.s.].]) mountain massif in northeastern
France; bedrocks include sandstone and granite of
Hercynian origin. The climate is humid and temperate,
with rather high precipitation (990 mm, station
Mouterhouse, 270 m; data 1981-2010, Météo-France
2023), but figures for the summits exceed 2000 mm.
Forests are mainly composed of Scots pine, oak, and
beech in lower regions, whereas spruce and fir dominate
in higher regions. Significant proportions of planted
spruce, especially in the valleys, offer a refuge for deer,
which frequently cause stem wounds in spruce trees
through which the resin drains.

Very similar in altitude, bedrock composition, cli-
mate, and vegetation is the Black Forest. Precipitations
are also high for the German counterparts (annual mean
2000-2200 mm); the annual temperature is only 5-6
C for the plateau around 1000 m a.s.L

The locations in Denmark, central and southern
Jutland, are situated on diluvial plains, created during the
melting period after the last glaciation. The soils are sandy
and generally poor, often with sand dunes scattered inland
and covered with trees. The eastern localities, on the
Djursland peninsula and the island of Zealand, are gener-
ally on more fertile soils, mostly moraines. All collecting
sites were in spruce plantations, below ca. 100 m a.s.l.

Morphological analyses.—The Danish collections
upon which the morphological description is based
were studied with a Zeiss Jena stereomicroscope
(Oberkochen, Germany) and a Leica DM1000 LED
compound  microscope  (Wetzlar,  Germany).
Microscopic measurements were made at 1000x in
water with detergent added. A total of 25-30 spores
from each collection were measured to the nearest
0.5 um; measurements were exclusive of ornamentation.
Micrographs of spores were made with a 100x oil
immersion objective, numerical aperture (NA) 1.25;
white balance was adjusted on slide with no objects.
Macro images were made with a Canon EOS 500 SLR
camera (Tokyo, Japan) with a Zeiss Distagon 28/2.8
objective mounted in reverse position and 0.5-3.5 cm
extension.

Macrographs of the German specimens were taken
with a Keyence VHX-7000 digital dissecting microscope
(Keyence, Osaka, Japan). Scanning electron microscopy
(SEM) of the spores was carried out with a Zeiss
DSM950 microscope at the University of Alcala (Spain)
after applying the critical-point-drying technique, follow-
ing the methodology described in Lopez-Villalba et al.
(2022). SEM micrographs of the capillitium and peridium
were taken with a Zeiss EVO LS10 microscope without
prior critical point drying.

A quantitative measurement of spores was carried out
for 22 specimens as described in Woyzichovski et al. (2021,
2022), including a minimum of 200 spores per sporocarp.

DNA extraction, amplification, and sequencing.—
Extraction of genomic DNA was done with ca. 400 spores
sampled from a single sporocarp (18S nuc rDNA) or from
2-5 whole sporocarps (EFI« gene) according to the proto-
cols described in Schnittler et al. (2020) and Prikhodko,
Shchepin, Bortnikova et al. (2023a), respectively. For partial
sequences of the 18S nuc rDNA, the first part of the small



subunit that is free of introns (cf. fig. 4 in Fiore-Donno et al.
2012) was targeted by the primer pair S2 (Fiore-Donno
et al. 2008) and SUI9R (Fiore-Donno et al. 2011) or
SSU_rev (Prikhodko, Shchepin, Bortnikova et al. 2023).
Partial sequences of the gene for the protein elongation
factor EFla  (amino  acids 120-370;  see
SUPPLEMENTARY FILE 5) were amplified with the pri-
mer pair PB1F/PBIR (Novozhilov et al. 2013) in case of
Lamprodermataceae sensu Leontyev et al. (2019). For
Amaurochaetaceae, a combination of primers for
a seminested PCR (EF03 [or EF04] and KEF_R3;
Ronikier et al. 2020; Wrigley de Basanta et al. 2017) was
used; for amplification conditions, see Prikhodko,
Shchepin, Bortnikova et al. (2023).

Protocols for polymerase chain reactions (PCRs) and
purification are as in (Prikhodko, Shchepin, Bortnikova
et al. (2023) and Prikhodko, Shchepin, Gmoshinskiy et
al. (2023) and Schnittler et al. (2020), but for the latter
approach we used the AccuStart premanufactured mas-
ter mix (QuantaBio, Beverley, Massachusetts) with
a final volume of 20 pL. PCR products were purified
with alkaline phosphatase (Thermo Fisher) or
a magnetic bead-based kit (NimaGen D-Pure
DyeTerminator Cleanup Kit; Nijmegen, the
Netherlands) and analyzed on ABI 3130/3500 auto-
mated DNA sequencers (Applied Biosystems, Foster
City, California).

Sequence alignment and phylogenetic analyses.—
Taxon sampling for the two-gene phylogeny of
Physarales sensu Leontyev et al. (2019) focused on the
genera  Lamproderma and  Diacheopsis  (see
SUPPLEMENTARY FILE 1). The resulting two-gene
phylogeny from 203 sequences was rooted with
Barbeyella minutissima and Echinostelium bisporum
from the order Echinosteliales, occupying the most
basal position within the group of dark-spored myxo-
mycetes (Columellomycetidae; Leontyev et al. 2019).
18S nuc rDNA and EFla partial sequences were
compiled in Unipro UGENE (Okonechnikov et al.
2012) and aligned using MAFFT online service (Katoh
et al. 2019; Katoh and Standley 2013) with E-INS-i or
G-INS-i options, respectively, and default gap penalties.
After primer trimming and manual editing, alignments
were merged with SequenceMatrix 1.9 (Vaidya et al.
2011). The 18S nuc rDNA sequences were analyzed as
a single partition, whereas two separate partitions were
defined for the EFla sequences: the first and second
positions of each codon, which tend to be more con-
servative, were analyzed separately from the third posi-
tion, where most of the mutations are synonymous. The
exon parts of the EFla sequences were determined
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according to the sequence from Echinostelium bisporum
(GenBank MH814572) obtained from transcriptome
data (Fiore-Donno et al. 2018).

The final alignment consisted of 203 sequences with
2687 sites, 1367 distinct patterns, 308 singleton sites,
and 1521 noninformative  (constant) sites
(SUPPLEMENTARY FILE 2). Maximum likelihood
(ML) analyses were performed using IQ-TREE 1.6.12
(last stable release; Nguyen et al. 2015) launched on the
local machine. The TIM2e+1+G4 model was selected
for the 18S nuc rDNA partition according to the
ModelFinder tool implemented in the program
(Kalyaanamoorthy et al. 2017). HKY+F+R6 and GTR
+F+I1+G4 models were selected for the first two and
third positions of each codon in EFl« partitions,
respectively. Ultrafast bootstrap analysis with 1000
replicates (Hoang et al. 2018) was performed to obtain
confidence values for the branches. Bayesian analysis
was performed with the same data set using MrBayes
3.2.7a (Huelsenbeck and Ronquist 2001) run on
CIPRES Science Gateway (Miller et al. 2010); the GTR
+G+I model was applied. The phylogenetic analysis
was done in four independent runs, each consisting of
four separate chains sampled over 20 million genera-
tions (sampling every 1000). The convergence of
Metropolis-coupled Markov Chain Monte Carlo
(MCMCMC) was estimated using Tracer 1.7.2
(Rambaut et al. 2018); based on the estimates by
Tracer, the first 5 million generations were discarded
as burn-in. Posterior probabilities (PPs) of splits were
exported to the best-scoring ML tree using -sup option
in IQ-TREE. The phylogenetic tree with combined
supports was visualized for FIG. 1 using FigTree 1.4.4
and edited using Corel Draw 24.0 (Alludo,
Ottawa, ON).

To compare the identity of the DNA barcodes of the
new species with that of other Diacheopsis and
Lamproderma spp., a BLAST search was conducted.
A total of 270 partial 18S nuc rDNA sequences were
sampled and aligned using MAFFT online service with
E-INS-i strategy and default gap penalties
(SUPPLEMENTARY FILE 3). The model TIM2e+I1+ G4
was selected using the ModelFinder tool according to
Bayesian information criterion (BIC). A maximum like-
lihood tree search was performed with 1000 ultrafast boot-
strap replicates in IQ-TREE 1.6.12 (SUPPLEMENTARY
FIG. 4).

A separate phylogeny was reconstructed for the
EFla sequences using the same alignment and substi-
tution model as for the two-gene phylogeny.
A maximum likelihood tree search was performed
with 1000 ultrafast bootstrap replicates in IQ-TREE
1.6.12 (SUPPLEMENTARY FIG. 5).
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Barbeyella minutissima LE317265

—e——

Echinostelium bisporum Nx14-A1

96/0.98

Figure 1. Two-gene phylogenetic tree of Physarales sensu Leontyev et al. (2019) obtained with a maximum likelihood analysis of
partial 18S nuc rDNA and EF7a and rooted with species of the Echinosteliaceae (Barbeyella, Echinostelium). Names for species of
Diacheopsis are written in bold. A triangle depicts contracted clades (with its length equivalent to the average length of the branches
in the contracted clade); numbers in parentheses indicate the number of accessions in the respective clade. All sequences from
specimens belonging to the same taxon that differ in less than 0.04 nucleotide substitutions per site were contracted. The internal
structure of the new species is shown with higher resolution (groups res2a and res2b differ in less than 0.04 substitutions). Branch
supports are shown only for ultrafast bootstrap replicates/Bayesian posterior probabilities >=80/0.9; black dots indicate maximum
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Recombination analysis.—A total of 44 isolates of the
new species were sequenced for EFla, showing up to 40
single-nucleotide polymorphisms (SNPs) within the
analyzed partial sequence 735 bp long (corresponding
to 245 amino acids); see SUPPLEMENTARY FILE 5. To
explore possible signs of reproductive isolation, the
alleles of the nuclear marker EFla were reconstructed
using a Python 3 script (Shchepin 2023) with an itera-
tive procedure based on the maximum parsimony prin-
ciple. First, it checked whether any of the heterozygous
sequences could be explained by combining two known
alleles. Then it tried to find heterozygous sequences that
could result from a combination of one of the known
alleles and an unknown allele that could be recovered
from their overlap. This process was repeated until no
new alleles were derived. If there were any heterozygous
sequences that could not be explained by known or
recovered alleles and they contained only one hetero-
zygous position, such sequences were unambiguously
phased into two alleles. Finally, if the remaining
sequences contained more than one heterozygous posi-
tion, alleles for such sequences were resolved arbitrarily.
SUPPLEMENTARY FILES 6 and 7 show the resulting
alleles and a table of results.

The retrieved alleles were compared with the 18S nuc
rDNA sequences of the respective specimens to analyze
combinations of ribotypes/alleles (SUPPLEMENTARY
FILES 4/6) for the two markers, and the result was
visualized with a Python 3 script (FIG. 2C; Shchepin
2021). After that, a “haploweb” was constructed using
the same approach as in Flot et al. (2010). In brief, the
alleles found for the EFla sequences were used to pro-
duce a network showing their genetic distances, and the
network was overlaid with the observed combinations of
alleles (FIG. 2D).

Metabarcoding analysis of associated communities.
—Species identification in organic material of stem
wounds from 8 spruce trees was attempted by DNA
metabarcoding, following a protocol published in
Hausmann et al. (2020) for bacteria and fungi and
a modified protocol from Borg Dahl et al. (2019) for
dark-spored myxomycetes. Material was sampled in the
Black Forest National Park at the sites Herrenwies 1
(Diacheopsis voucher KR-M-0092822), Vogelskopf
(metabarcoding voucher KR-M-0093591, Diacheopsis
voucher KR-M-0092862), Hundseck (Diacheopsis vou-
cher KR-M-0092824), Ruhestein 1 (Diacheopsis voucher
KR-M-0092865), Darmstadter Hiitte 1 (Diacheopsis
voucher sc32566), Darmstadter Hiitte 3 (metabarcoding
voucher KR-M-0093640, Diacheopsis only observed),
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Hoher Ochsenkopf 1 (metabarcoding voucher KR-
M-0093590, Diacheopsis voucher KR-M-0092869), and
Hoher Ochsenkopf 2 (Diacheopsis voucher KR-
M-0092870).

The layer with the microbial community inhabiting
the stem wounds (see FIG. 3B) was scraped directly from
the spruce resin to reduce the amount of pure resin in the
sample. The material was dried at 60 C for 8 h and sub-
sequently homogenized in a FastPrep-96 homogenizer
(MP Biomedicals, Thermo Fisher Scientific, Waltham,
Massachusetts), using sterile steal beads in order to gen-
erate a homogeneous mixture of organic material to be
submitted for subsequent metabarcoding (conducted by
AIM-Advanced Identification Methods, Leipzig,
Germany). Prior to DNA extraction, 1 mg of each homo-
genizate was weighed into sample vials and processed
using adapted volumes of lysis buffer with the DNeasy
96 Blood & Tissue Kit (Qiagen, Venlo, Netherlands)
following the manufacturer’s instructions. Primers and
amplification of the target regions (ITS2 for fungi [Toju
etal. 2012], 16S rDNA for bacteria [Thijs et al. 2017], 18S
nuc rDNA for myxomycetes [Borg Dahl et al. 2019])
using a two-step PCR (Moriniére et al. 2016), preparation
of the MiSeq libraries, sequencing with Illumina MiSeq,
and bioinformatics processing of raw reads using the
VSEARCH suite 2.9.1 (Rognes et al. 2016) and Cutadapt
1.18 (Martin 2011) are described in detail in
SUPPLEMENTARY FILE 10.

For bacteria and fungi, operational taxonomic units
(OTUs) were clustered at a 97% similarity threshold. To
select the most important OTUs for data evaluation,
weighted abundance (total number of reads x frequency
in the eight samples, a number between 1 and 8) was
calculated for each OTU. The OTUs with the highest
weighted abundance were selected, until 50% of the sum
of all weighted abundances was reached (see
SUPPLEMENTARY FILE 8).

For myxomycetes, amplicon sequence variants
(ASVs) were clustered at 100% similarity threshold in
the process of sequence denoising, preserving every
unique 18S nuc rDNA barcode sequence that survived
filtering steps. Since the same approach to the selection
of the most important ASVs using the weighted abun-
dances that was applied to bacterial and fungal OTUs
would result in only three selected ASVs of myxomy-
cetes, 50 ASVs with the highest number of reads were
selected for the analyses instead (SUPPLEMENTARY
FILE 9). ASV sequences were aligned to the 185 rDNA
data set (SUPPLEMENTARY FILE 11), and a maximum
likelihood phylogeny (SUPPLEMENTARY FIG. 5) was
reconstructed using the same methodology as for
SUPPLEMENTARY FIG. 4.
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Figure 2. Intraspecific diversity within Diacheopsis resinae. Consistently, three groups are visible, which were color-coded with blue for
res1, red for res2a, and gold for res2b. (A, B) Maximum likelihood trees (A) for all 34 alleles found for the EFTa marker from 44
specimens (10 arbitrarily phased alleles with “unkn” in the label are presented here as five heterozygous unphased sequences) and (B)
for seven ribotypes found within 64 specimens. (C) Recombination analysis of the two marker genes. Line type indicates the number of
combinations (specimens homozygous for EFTa were counted twice). (D) Network of reconstructed EFTa alleles with the hypothetical
mutational steps between them (one SNP equals one mutation) marked by ticks on the straight lines. Curved lines connect alleles
occurring in one (dotted), two (hatched), three (solid), or more (bold) specimens. Alleles 1-7 were found in homozygous state, alleles
8-24 were derived from heterozygous specimens assuming one allele corresponds to alleles 1-7, and alleles 25-34 represent
hypothetical alleles that could not be unambiguously derived since two of them occur together. (E) The same network drawn to scale
(mutational steps) to visualize genetic distances between alleles.



TAXONOMY

Diacheopsis resinae Woerly & Gotzsche, sp. nov.
FIGS. 3-4
MycoBank MB849308

Typification: DENMARK. JYLLAND: Sendre
Feldborg Plantage, at Visborgvej, ca. 40-50-year-old
plantation of Picea abies, 56.31606°N, 8.96119°E, on
a large wound made by Cervus elaphus (red deer) on
a spruce stem, ca. 1-2 m above the ground, 1
Dec 2013, leg. H.F. Gotzsche & N.V. Mogensen (holo-
type hfg2408, phylogroup res2a; GenBank: 18S nuc
rDNA = OR783613, EFla = OR778653), deposited at
M; isotypes (duplicates of hfg2408) are in the private
herbaria of H. F. Getzsche and B. Woerly.

Other specimens examined: See SUPPLEMENTARY
FILE 1.

Etymology: resinae refers to the resin in stem wounds
degraded by fungi, where the species was found and
which is a rather unusual substrate for Myxomycetes
(FIG. 3A, B).

Description: Fruit bodies sessile, solitary to grouped, in
groups of 2-10(-30), developed as cushion-shaped small
sporocarps with a constricted base, 0.5-1 mm to often
irregularly shaped plasmodiocarps up to 3 mm long and
2 mm wide. Peridium thin, membranous, lead gray, and
often with metallic iridescence by reflected light (FIG. 3D,
E), almost hyaline to smoky by transmitted light (FIG.
3G) with a darker base, on the outside occasionally with
microscopic rod-shaped crystals that do not dissolve in
HC], sprinkled randomly on the surface, inner side nearly
smooth (FIG. 4F), dehiscing irregularly. Hypothallus very
inconspicuous, sometimes visible as a thin, shiny layer
between fruit bodies. Capillitium blackish to brown in
transmitted light, hyaline at the free endings, creating
a three-dimensional net at the base of the sporocarp
that radiates to the peridium, threads 1-3 pm diam,
solid, straight to moderately undulate, smooth to slightly
roughened, bifurcated and sometimes with perpendicular
ramifications, with dark spindle-shaped expansions up to
80 um long and 8 um wide (FIGS. 3H-G, 4A, E). Spores
globose, in the holotype 14-15.13-17 um diam (min-
mean-max, n = 30, excluding ornamentation).
Quantitative measurements show considerable variation
between specimens (14.8-15.8 to 17.1-17.8 um for the
25/75% quantiles; SUPPLEMENTARY FIG. 2). Spore
mass very dark brown to almost black by reflected light,
spores medium grayish brown by transmitted light with
one half distinctly paler, with dark, regularly distributed
blunt spines up to 0.5 um high, spines are less prominent
at the paler side (FIGS. 31, 4B-D). Plasmodium probably
whitish, as the developing fruit bodies (FIG. 3C).
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Diagnosis: A combination of characters tells the spe-
cies apart from other Diacheopsis spp.: parallel capillitial
threads arising from the entire base of the sporocarp
and rather large spores with blunt spines.

Comments: According to the generic description of
Diacheopsis (Martin and Alexopoulos 1969; Meylan
1930), the new species clearly falls into that genus
based on morphological characters, since the sporo-
carps are sessile, the peridium is persistent and irides-
cent, the columella is absent, the capillitium is
branched, and the capillitium and spores are dark.
It joins the group of rare, large-spored, spinulose,
non-nivicolous species of Diacheopsis. Based on Lado
(2005-2023) and Poulain et al. (2011), this group
comprises currently the following species: D. insessa
(G. Lister) Ing, D. mitchellii Nann.-Bremek. &
Y. Yamam., and D. gigantospora Shuang L. Chen, M.
Q. Guo & S.Z. Yan. Diacheopsis insessa is in spore
diameter very similar to D. resinae but possesses an
outer three-dimensional capillitium net, in contrast to
the mostly parallel branches of D. resinae, which only
forms a net at the base of the sporotheca. The 18S nuc
rDNA sequence of D. insessa is very different from all
barcodes of D. resinae. Also macroscopically similar is
D. mitchellii, but the frayed spines of the spores
clearly distinguish it from D. resinae, which has spores
with short, sometimes blunt, spinules (FIG. 4B-D).
Although the spore size of D. resinae shows significant
variation (SUPPLEMENTARY FIG. 2), only exception-
ally single spores reach the interval of 20-21 um reported
for D. mitchellii or 20.6-26.2 um for D. gigantospora. The
latter species was cultured on bark of Cryptomeria at
room temperature and seems to be corticolous. In addi-
tion, D. resinae differs from all known species of myxo-
mycetes by its unique microhabitat.

Molecular data point toward two, perhaps three,
phylogroups that seem to be reproductively isolated
and can be seen as putative biospecies. These three
groups do not show a geographic differentiation
(SUPPLEMENTARY FIG. 1). We could not discover
prominent differences between them in habit or micro-
scopic characters. For groups resl and res2a, we had
enough material for a quantitative measurement of
spores (SUPPLEMENTARY FIG. 2) but could not find
clear differences in spore size, as it is the case for spore
ornamentation (FIG. 4B-D).

Distribution: The new species is currently known
from northern (Norway: Vestfold og Telemark,
Innlandet, Viken; Denmark: Jutland, Zealand) and cen-
tral (France: Vosges, Alsace; Germany: Black Forest,
Swabian Alps, both in Baden-Wurttemberg) Europe
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Figure 3. Habitat and morphology of Diacheopsis resinae, sp. nov. (A) Danish spruce plantation with a wounded tree in the foreground
(habitat of the first records made, hfg2217 and hfg2218). (B) Close-up of the habitat (Black Forest): stem wounds in spruce trunks
(Picea abies) covered with resin. (C) Fresh, immature sporocarps covered by a slime sheath (same tree as KR-M-0092863). (D) Young
sporocarps; desiccation reveals a membranous, iridescent peridium (sc32566). (E) Iridescent peridium in well-matured sporocarps
(P1013032). (F) Change of color on mature and somewhat sclerotized plasmodiocarps (HFG2408). (G) Detail of a sporocarp with
blown-up spores, showing the hyaline peridium and the capillitium threads rising from the bottom to the top of the sporocarp (9926
CF). (H) Spores and capillitium in transmitted light (HFG2408). (1) Spores in transmitted light (HFG2408), stacked from two photographs
showing the spore surface and the spore margin, respectively. Bars: C, E, F = 1 mm; D = 0.5 mm; G, H = 100 um; | = 10 um. For more
images, see http://www.myx.dk/spp/disres.html.


http://www.myx.dk/spp/disres.html
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Figure 4. SEM micrographs of Diacheopsis resinae, sp. nov. (A) Spores and capillitium (fp8799). (B-D) Spores of specimens BW3368b
(resT), BW8789 (res2a), and fp0001B (res2b), respectively. (E) Connections between the capillitium and the inner side of the peridium
(collection 9926 CF). (F) Smooth, outer side of the peridium (collection BW3368b). Bars: A—E = 5 um; F = 20 pum.
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(SUPPLEMENTARY FILE 1). Searches in the German
Alps (Bavaria), the French Pyrenees, and the Romanian
mountains (Fagdras, Muntii Piatra Craiului, Apuseni)
were not successful so far.

Ecology: Found exclusively on resin-clad stem
wounds of Norway spruce (Picea abies), which consti-
tute a new microhabitat for myxomycetes
(SUPPLEMENTARY FILE 1).

RESULTS

Systematic position of the new taxon.—To infer the
phylogenetic position of the new species, we constructed
a two-gene phylogeny (18S nuc rDNA, EFla) of
Physarales sensu Leontyev et al. (2019), considering
especially Lamprodermataceae (Diacheopsis 3 taxa,
Lamproderma 21 taxa) and 41 accessions of the new
species (FIG. 1; SUPPLEMENTARY FILE 2).

The overall topology of the two-gene phylogeny is
congruent with other studies (e.g., Fiore-Donno et al.
2012), with Meriderma spp. as the basal clade of dark-
spored myxomycetes (ultrafast bootstrap replicates/
Bayesian posterior probabilities 98/0.84), followed by
members of the Amaurochaetaceae (here the genera
Enerthenema and Amaurochaete form a branch with
maximum support). Lamproderma cacographicum
appears as a basal taxon of Physarales s.l. (100/1). This
fact, as well as the nestedness of Didymiaceae and
Physaraceae within Lamproderma spp., makes this mor-
phologically well-defined genus a paraphyletic taxon
(Fiore-Donno et al. 2012; Novozhilov, Shchepin et al.
2022; Prikhodko, Shchepin, Bortnikova et al. 2023;
Prikhodko, Shchepin, Gmoshinskiy et al. 2023).

The genus Diacheopsis appears polyphyletic in our
phylogeny. All three taxa of this genus for which we
could obtain both 18S nuc rDNA and EFla sequences
appear at different positions in the tree, two of them with
high support. The new species, Diacheopsis resinae, forms
a monophyletic clade maximum support in a sister posi-
tion to L. zonatum and L. zonatopulchellum, a species
recently described by Yatsiuk et al. (2023). Three of the
four subclades within D. resinae (called resla, res2a, and
res2b in FIG. 1) also received maximum support.

The separate gene trees for EFla and 18S nuc rDNA are
mostly congruent in the topology of statistically supported
clades with each other and with the two-gene phylogeny,
but with a few exceptions. Lamproderma lycopodiicola is
grouped with L. cacographicum in the 18S nuc rDNA tree,
but with L. columbinum in the EFla tree
(SUPPLEMENTARY FIGS. 4 and 5). In both trees, the
genus Diacheopsis appears polyphyletic and all sequenced
accessions of Diacheopsis resinae group together into

a monophyletic clade sister to L. zonatum and
L. zonatopulchellum.

With the exception of D. metallica, most of the 19
described species (Lado 2005-2023) of the genus
Diacheopsis are rare; a typical example is D. cinerea
(Vlasenko et al. 2022) described from two specimens
from the same locality in Siberia. We were able to obtain
18S nuc rDNA barcodes from eight taxa of Diacheopsis.
In an 18S nuc rDNA phylogeny with various other taxa
of Lamprodermataceae (SUPPLEMENTARY FIG. 4),
these species (i) appear to be distinct from D. resinae
and (ii) occur at different positions within the tree.
D. resinae shows only 90-93% identity to barcodes of
its closest match, Lamproderma pulchellum. Among the
other species of Diacheopsis, the position of D. metallica
(14 accessions from France) is characterized best. In the
18S nuc rDNA phylogeny, it clusters together with spe-
cimens of Lamproderma arcyrioides, L. pulveratum, and
L. cristatum (SUPPLEMENTARY FIG. 4), and the bar-
codes of D. metallica are in several cases identical to the
abovementioned species of Lamproderma. The same is
true for two accessions from France that were deter-
mined as D. pauxilla (MM16552) and D. reticulospora
(MM21082) (SUPPLEMENTARY TABLE 1).

Intraspecific variation.—Of the 80 total accessions of
the new species, 64 could be barcoded for the 18S nuc
rDNA marker (SUPPLEMENTARY FILE 3). Seven
ribotypes (RTs) were found, and they formed two
clearly defined groups in a phylogeny for this marker
(FIG. 2B), with the second group splitting again into two
subgroups (SUPPLEMENTARY FILE 4). Ribogroup 1
(res) consists of a single ribotype, RT1, identical in 31
specimens. Ribogroup 2a (res2a) is represented by eight
specimens and three ribotypes. It deviates from resI by
37 SNPs and one indel, all located in helices 11, E-10,
and 10 of the 18S nuc rDNA (cf. fig. 4 in Fiore-Donno
et al. 2012). Ribogroup 2b (res2b) deviates from the
latter by 23 SNPs and consists of five specimens that
belong to three closely related ribotypes that differ only
in one indel and one heterozygous position. The two
most common ribogroups (resl, res2a) are both repre-
sented by specimens from all three sampled regions.
Due to the often scanty material, only 44 specimens
could be successfully sequenced for the EF1a gene (18
for resl, 19 for res2a, four for res2b, and for the remain-
ing three no 18S nuc rDNA sequences could be
obtained; SUPPLEMENTARY FILE 5). Most but not
all specimens (28, 68%) are heterozygous for this mar-
ker. This allowed us to derive the respective allelic
variants computationally (SUPPLEMENTARY FILES
6, 7): seven were found in homozygous state,



17 hypothetical variants could be derived from hetero-
zygous sequences, and 10 more variants were recovered
from heterozygous sequences arbitrarily, assuming the
closest match to a sequence already known. Like for the
18S nuc rDNA, a phylogeny for the alleles (FIG. 2A)
reveals also two major groups, with the second clade
splitting into two subgroups, res2a and res2b.

If we investigate the combinations between the var-
iants of these two unlinked markers (FIG. 2C), the
combinations of 18S nuc rDNA ribotypes and EFla
alleles sort the specimens of D. resinae into three
recombination groups corresponding to the clades
resl, res2a, and res2b, forming three mostly mutually
exclusive pools of alleles and indicating a high degree
of reproductive isolation between these clades. Only
two specimens (BW3343 and BW3360, both ribotype 1
and EFla genotype 1; FIG. 2C) represent between-
group recombinations, and these two specimens of
ribogroup resI constitute the clade indicated as res1b
with low support in FIG. 1. We thus can label the
subgroups in the EFla tree as well with the codes
derived from the 18S nuc rDNA sequences, since this
division appears also in a phylogenetic network of the
EFla alleles (FIG. 2D). Here, heterozygous specimens
(represented by curved lines) connect only alleles
belonging to the same group. If this network is
drawn to the scale of mutational steps connecting
allelic variants (FIG. 2E), it becomes visible that
genetic distances between groups are almost always
larger than the maximum within-group distance.

Ecology, phenology, and association with other
species.—All known collections of the new species
have been found on wounds on trunks of Picea abies,
inflicted not only by red deer seeking access to the
cambium in winters where other food sources were
scarce but also by woodpeckers, forest management,
fallen neighboring trees, or lightning. The three
Norwegian records come from forests naturally inhab-
ited by spruce, whereas all 27 Danish collections were
made in rather dense spruce plantations, often with
trees below 20 years in age. In the Vosges and the
Black Forest, spruce also occurs naturally but was very
often planted. Most observations of the new species
were made from October to May, with a peak in
February (SUPPLEMENTARY FIG. 3).

Within a couple of years, the resin exudated from
stem wounds is colonized by various fungi, turning the
resin black. Diacheopsis resinae co-occurs with this
peculiar fungal community (FIG. 5). The substrate is
always completely overgrown with a velvety, brownish
to blackish mycelium that seemingly represents
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a mixture of anamorphic states of different fungal spe-
cies, with Sorocybe resinae (Fr.) Fr. (e.g., Seifert et al.
2007), Infundichalara microchona (W. Gams) Réblova
& W. Gams, and Lophium arboricola (Buczacki) Madrid
& Gené especially abundant. Other associated species
are the following: the teleomorphs of Claussenomyces
spp. (FIG. 5A), with thick, gelatinous, green to dark
apothecia 0.2-1 mm diam); Lachnellula resinaria
(Cooke & W. Phillips) Rehm (FIG. 5B), with short
stalked apothecia, outer side whitish, inner side yel-
low-orange, 0.5-1.5 mm diam, but in dry state only
the outer side is visible, looking like a small white-
pubescent sphere, after Hansen and Knudsen (2000);
Zythia resinae (Fr.) P. Karst. (FIG. 5C), with sessile,
yellow to pale orange apothecia 0.5-1.5 mm diam,
after Hawksworth and Sherwood (1981); Sarea difformis
(Fr.) Fr. (FIG. 5D), with sessile, black apothecia
0.2-1.3 mm, after Mitchell et al. (2021); and, more
rarely, Lophium mytilinum (Pers.) Fr. (FIG. 5E), with
black ascocarps up to 1 mm diam, conchate, with
a striated surface, after Ellis and Ellis (1985) and
Boehm et al. (2009).

During a structural complexity enhancement experi-
ment conducted in 2016 in the Black Forest National
Park (Asbeck et al. 2023), a total of 60 trees in six plots
were girdled. Resin at the wounds of all girdled trees was
found in 2023 to be overgrown with the typical black
mycelium of resinicolous fungi. In spring of the
same year, we first observed mature D. resinge at three
of the 60 trees, occurring 6-7 years after the trees were
girdled (vouchers KR-M-0094491, KR-M-0094492).

Metabarcoding detected a total of 319 fungal OTUs
(SUPPLEMENTARY FILE 8; TABLE 1). According to
the proportion of weighed abundances (total number of
reads x frequency among the samples), the most com-
mon fungi are Sarea difformis (11.4%), Infundichalara
microchona (10.7%), Lophium arboricola (10.4%),
Sorocybe resinae (8.9%), Zythia resinae (5.6%), and an
unknown species from the order Chaetothyriales (4.5%).
Lachnellula resinaria and Lophium mytilinum were
detected as well but with considerably lower steadiness.

In addition, 430 bacterial OTUs (SUPPLEMENTARY
FILE 8; TABLE 1). Most prominent were two species
from the genera Endobacter (21.4% of the total weighed
abundances) and Sphingomonas (19.4%), making up
together for more than 40% of the total weighted abun-
dance. The following two taxa, Beijerinckia (5.5%) and
Phenylobacterium (4.5%), are already much rarer.

The 18S nuc rDNA barcode of the dark-spored myxo-
mycetes was successfully amplified for six out of eight
samples of the DNA isolated from resin. Among the 50
most abundant ASVs, 18 ASVs summing up to 67.3% of all
reads had Diacheopsis resinae as best matches
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Figure 5. Resiniculous ascomycetes associated with Diacheopsis resinae in the Black Forest National Park. (A) Claussenomyces sp. (KR-
M-0093597). (B) Lachnellula resinaria (KR-M-0093592). (C) Zythia resinae on resin of Picea abies (KR-M-0093519). (D) Sarea difformis (KR-
M-0092716). (E) Lophium mytilinum (KR-M-0093592). Images A-C: F. Popa, D-E: M. Theiss. Bars: A, E =2 mm; B-D = 1 mm.

Table 1. Most common species observed in all eight samples and/or metabarcoding with fungal (F) ITS2 and bacterial (B) 16S rDNA
primers.

Species Reference sequence oTuU Reads x Frequency Voucher
Sarea difformis (F) GBS08071-13 (100.0%, B) 3 371744 3591
Infundichalara microchona (F) GBHEL1084-13 (99.3%, B) 5 351 264 3632
Lophium arboricola (F) GBS08073-13 (98.7%, B) 4 339 000 3590, 3591
Sorocybe resinae (F) GBF020-08 (98.7%, B) 2 292 400 3590, 3591
Zythia resinae (F) GBSO13500-15 (98.9%, B) 1 183 976 3591
Chaetothyriales sp. (F) GBS03456-13 (84.4%, B) 7 149 288 —
Herpotrichiellaceae sp. (F) UDB0486015 (100.0%, B) 11 147 672 —
uncultured fungus (F) KU061857 (99.3%, G) 6 136 496 —
Lachnellula resinaria (F) MT913605 (97.9%, G) 15 45 232 3592
Lophium mytilinum (F) GBPLE908-13 (100.0%, B) 20 36 856 3591
Claussenomyces sp. (F) KY689630 (99.6%, G), KY661433 (99.6%, G)* 38, 55 2700, 1041 3597
Endobacter sp. (B) JF217150 (99.5%, S) 2 213 048 —
Sphingomonas sp. (B) AM697454 (100.0%, S) 1 193 232 —

Note. Total number of reads x frequency among the eight samples >100 000 (for a list of all sequences, refer to SUPPLEMENTARY FILE 8). Given are taxon names
and reference sequences from the databases BOLD (B), GenBank (G), and SILVA (S) with the respective percent identity, OTU number, weighted abundance,
and voucher specimens (the full number is KR-M-009xxxx, given are the last four digits). Species with an entry in “Reads x Frequency” were found in
metabarcoding; those with a voucher number were visually detected (lens and/or compound microscope).

*No unambiguous assignment of a single species possible.

(SUPPLEMENTARY FILE 9). Three of them were identi- DISCUSSION
cal to ribotypes from the clades resl, res2a, and res2b,
another nine ASVs were closely related to the ribotypes
known from fruit bodies, and six ASVs formed two new
subclades within Diacheopsis resinae (SUPPLEMENTARY
FIG. 6). Each sample yielded between 2 and 14 different
ASVs assigned to Diacheopsis resinae. The remaining 32
ASVs were assigned to genera Badhamia, Comatricha,
Diacheopsis, and Lamproderma (SUPPLEMENTARY
FILE 9).

Genera within Lamprodermatacae.—With 58 cur-
rently described species, the genus Lamproderma,
described already by Rostafinski (1873), is one of the
most diverse in myxomycetes, surpassed only by Diderma
(ca. 85 accepted taxa; Lado et al. 2005-2023; Novozhilov,
Prikhodko et al. 2022), Didymium (more than 90 recog-
nized species taxa; Zamora et al. 2023), and Physarum (ca.
160 taxa; Garcia-Martin et al. 2023; Prikhodko, Shchepin,



Gmoshinskiy et al. 2023). Most species of Lamproderma
are nivicolous (Schnittler et al. 2015) or bryophilous, pre-
ferring cool and shaded microhabitats (Stephenson and
Studlar 1985). Morphologically the genus is clearly char-
acterized (Dennison 1945a, 1945b): stalked sporocarps
with a blunt columella and a radiating capillitium that is
not tightly connected to the thin, membranous, and often
iridescent peridium, which persists for a rather long time
after irregular dehiscence; lime absent or only in traces
(flakes in Lamproderma pulveratum, or splinters in
L. arcyrioides, L. maculatum, and L. pseudomaculatum).
Unfortunately, all phylogenies let the genus appear as para-
phyletic (FIG. 1 herein and Fiore-Donno et al. 2012, com-
plete 18S nuc rDNA sequences). Lamproderma
cacographicum appears as the most basal species, and
Physaraceae and Didymiaceae are nested in the clade
accompanying all other Lamproderma spp., together with
Elaeomyxa, and the sessile genera Colloderma and
Diacheopsis. A recent three-gene phylogeny with focus on
Didymiaceae (Prikhodko, Shchepin, Bortnikova et al.
2023) confined this; we thus have a situation similar to
that in Physaraceae (Garcia-Martin et al. 2023; Prikhodko,
Shchepin, Gmoshinskiy et al. 2023). This problem remains
after former emendations of the genus: L. arcyrionema,
now Collaria arcyrionema (Nannenga-Bremekamp 1967),
was excluded from Lamproderma spp., and the
L. atrosporum group was recognized as in its own genus
—Meriderma (Poulain et al. 2011), which assumes the most
basal position within dark-spored myxomycetes (Feng
et al. 2016; Fiore-Donno et al. 2012).

The three remaining genera of the Lamprodermataceae
sensu Leontyev et al. (2019), Colloderma, Diacheopsis, and
Elaeomyxa, include mostly rare species: the material avail-
able in collections is usually scanty, often old, and some-
times allows sequencing only the 18S nuc rDNA marker.
In the tree of this barcoding marker targeting the genera
Diacheopsis and Lamproderma (SUPPLEMENTARY
FIG. 4), deeper branches are often not well supported,
but many terminal clades with high support are helpful
for species delimitation. The main characters delimiting
Diacheopsis from Lamproderma are the “absent” ones: the
lacking stalk and columella. From the 19 described
Diacheopsis spp., eight were barcoded, but we often could
access only single specimens. Well-represented is only
D. metallica, the most common species: its barcode cannot
be distinguished from those of L. arcyrioides, L. cristatum,
L. pulveratum, and L. spinulosporum (SUPPLEMENTARY
FIG. 4; SUPPLEMENTARY TABLE 1). This species seems
essentially to be a sessile Lamproderma, and further inves-
tigations including more genetic markers are needed to
disentangle this species complex. Obviously, the absence of
a structure (in this case, the stalk) is not a useful character
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for delimiting higher taxa, as already postulated by
Eliasson (1977) for the absence of a capillitium defining
the classical Liceales (see discussion in Leontyev et al.
2019).

We need a critical revision of Lamprodermataceae to
justify and delimit its genera, but the results of this study
allow the following major conclusions:

(I) New traits must be found to delimit genera, and
due to often convergent evolution, such char-
acters may be absent or at least not obvious.
This requires comprehensive taxon sampling in
further studies.

(II) Barcoding often, but not always, works reliably
(Borg Dahl et al. 2018; Schnittler et al. 2017,
2020). As stated in Yatsiuk et al. (2023),
a barcoding gap that fits all dark-spored myx-
omycetes does not exist, and contradictions
between barcoding and morphological differen-
tiation must be examined using multiple genetic
markers.

(III) We must deal with numerous taxa that are hard
to characterize, as they rarely fruit (or even
never, as hypothesized in Shchepin et al
2019), since the fruiting propensity of myxomy-
cete species may be very different in general, not
only between habitats or regions. Diacheopsis
spp. seems to be a prominent example (except
for D. metallica).

In spite of these yet unsolved problems, we decided to
describe the new, clearly delimited taxon still under the
generic name Diacheopsis, since (i) molecular data are
not yet sufficient to decide on a new generic classifica-
tion of Lamprodermataceae, and (ii) according to the
morphological species concept, upon which most of the
field observations and ecological studies are based, the
new species can be unambiguously accommodated
under this name.

Circumscription of D. Resinae.—The phylogeny (FIG.
1) of two independent genetic markers showed a clear
split into two phylogroups (resI and res2), one of them
splitting into two more subgroups (res2a and res2b). All
three groups received maximum statistical support. The
recombination analysis (FIG. 2) reveals that these three
groups (one called resla in FIG. 1 and resI in FIG. 2;
res2a and res2b) are reproductively isolated, with
a single exception of one EFla allele shared by some
specimens from resI and res2a that might be explained
by incomplete lineage sorting, which is not unusual
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among closely related species. In addition, we found no
morphological or ecological characters discriminating
between these three groups. We therefore decided to
describe all three groups under the name D. resinae,
although further investigations with more available
material might change this pattern.

The existence of several biological species within
one morphospecies is not uncommon for myxomy-
cetes and was documented in several studies via tests
for reproductive isolation with independently inher-
ited marker genes (Trichia varia, Feng and Schnittler
2015; Hemitrichia serpula, Dagamac et al. 2017;
Physarum albescens, Shchepin et al. 2022; Didymium
nivicola, Janik et al. 2020; Lycogala epidendrum,
Leontyev et al. 2022; Diderma spp., Shchepin et al.
2024). Another case where different ecological niches
suggest biological speciation is Badhamia melanospora
(Aguilar et al. 2014). This differentiation may or may
not be accompanied by subtle morphological differ-
ences (not found for T. varia; details of spore orna-
mentation visible in SEM only for H. serpula; peridium
and lime node coloration differing in P. albesens). For
Lycogala epidendrum (Leontyev et al. 2022), a whole set
of newly discovered microscopic characters allows
morphological description of at least a part of the
newly discovered species (Leontyev et al. 2023). The
delimitation of nine new taxa in the polyphyletic
Trichia botrytis complex is a similar case, since the
taxonomic value of several morphological characters
was reevaluated with support from molecular phyloge-
nies (Bortnikov et al. 2023).

In most of these cases, the biospecies have not been
formally described at any taxonomic rank, since they
cannot be differentiated without considerable additional
effort. A case where a molecular differentiation was
successfully proven to be accompanied by differences
in microscopic characters concerns Didymium nivicola
and D. pseudonivicola (Janik et al. 2020, 2021).

For Diacheopsis resinae, the differences in spore size
between the phylogroups (putative biospecies) are not
significant (SUPPLEMENTARY FIG. 2). As stated in
Woyzichovski et al. (2022) for Ph. albescens, variation
due to environmental plasticity may overrule genetically
coded differences, even if these exist between the phy-
logroups in D. resinae. Taking into account that the
biospecies of D. resinae show no geographic segregation
and share the same ecological niche, we describe only one
species. We have chosen the holotype from the phy-
logroup res2a and cite other studied specimens of the
same ribogroup to enable later emendations, if future
research will show the phylogroups to represent separate
species.

Ecology.—The new species (or complex of biological
species) occupies an ecological niche not yet discovered
for myxomycetes: stem wounds of coniferous trees with
resin flow. The resin of coniferous trees contains a high
diversity of secondary metabolites inhibiting the coloni-
zation by fungi and bacteria (Pearce 1996). Only a highly
specific community of fungal species is able to colonize
this substrate (Mitchell et al. 2021; Roll-Hansen and Roll-
Hansen 1980). The fungi observed together with
D. resinae are known to occur on conifer resin (Roll-
Hansen and Roll-Hansen 1980; Seifert et al. 2007).
Infundichalara microchona was also described growing
on decayed coniferous wood and fruit bodies of
Polyporales (Réblov4 and Stépanek 2011). The apothecia
of Sarea difformis, Zythia resinae, and Lachnellula resi-
naria together with the mononematous and synnematous
blackish anamorphs of “Sorocybe resinae” (stalked, black
conidiophores) can be used as indicators for the potential
presence of Diacheopsis resinae, although we do not
assume a direct link, such as a trophic relationship,
between the myxomycetes and the fungi.

The continuity and high abundance of sequence
reads of the two bacterial genera Endobacter and
Sphingomonas indicates a possible link between
Diacheopsis resinae and species of the two bacterial
genera, which may constitute the main food source for
amoebae and/or plasmodia.

In contrast, the phenology of the new species seems to
be determined by precipitation and temperature. It shows
a clear fructification peak in the winter months (February;
SUPPLEMENTARY FIG. 3) when the evapotranspiration
is lowest and the bark stays wet over longer periods of time.
We thus can conclude that it can develop at low tempera-
tures (a feature the new taxon shares with related nivico-
lous species of Lamproderma and Diacheopsis). However,
it seems also to be able to tolerate frosts. This contrasts
with myxamoebae of nivicolous species, which develop at
low but positive temperatures beneath the snow (Borg
Dahl et al. 2019; Schnittler et al. 2015) and will die with
sudden cold spells (Shchepin et al. 2014). The vertical
habitat of D. resinae is not insulated by a thick snow
cover and will be exposed to frost, even sudden frosts—
many records were found above 1 m height.

In contrast to corticolous species (Mitchell 1978a,
1978b, 1979), which develop on the outer, dead bark
of living trees, our species seems to be confined to stem
wounds. Therefore, it was never detected in the thou-
sands of moist chamber cultures set up with bark of
living trees (e.g., Harkénen and Ukkola 2000).

Summarizing, this study illustrates the challenges
that protist taxonomy faces in the molecular age:



morphological concepts of genera and species are shat-
tered by molecular results, since we have only a limited
display of morphological characters to compare, and
especially conspicuous characters may be the result of
convergent evolution, as it is most likely the case for
compound fructifications (see discussion in Leontyev
et al. 2019). In addition, myxomycetes are sexual amoe-
bae (see discussion in Lahr et al. 2011; Spiegel 2011), like
all Eukaryotes (Hofstatter and Lahr 2019), and seem to
possess a mechanism by which morphologically circum-
scribed species segregate into reproductively isolated
units we can call biological species (see discussion in
Feng et al. 2016; Feng and Schnittler 2015). As such,
future field surveys and morphological studies in this
group need to be accompanied by molecular investiga-
tions. With this combination of methods, in spite of
more than 200 years of field research in myxomycetes
(Stephenson et al. 2008), there is still a lot to discover, as
this study shows.
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