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IMA Fungus

Singleton-based species names and fungal 
rarity: Does the number really matter?
Jonathan Cazabonne1,2*, Allison K. Walker3, Jonathan Lesven4,5 and Danny Haelewaters6,7,8,9*   

Abstract 

Fungi are among the least known organisms on earth, with an estimated number of species between 1.5 and 10 
million. This number is expected to be refined, especially with increasing knowledge about microfungi in undersam-
pled habitats and increasing amounts of data derived from environmental DNA sequencing. A significant proportion 
of newly generated sequences fail to match with already named species, and thus represent what has been referred 
to as fungal “dark taxa”. Due to the challenges associated with observing, identifying, and preserving sporophores, 
many macro- and microfungal species are only known from a single collection, specimen, isolate, and/or sequence—
a singleton. Mycologists are consequently used to working with “rare” sequences and specimens. However, rarity 
and singleton phenomena lack consideration and valorization in fungal studies. In particular, the practice of pub-
lishing new fungal species names based on a single specimen remains a cause of debate. Here, we provide some 
elements of reflection on this issue in the light of the specificities of the fungal kingdom and global change context. 
If multiple independent sources of data support the existence of a new taxon, we encourage mycologists to proceed 
with formal description, irrespective of the number of specimens at hand. Although the description of singleton-
based species may not be considered best practice, it does represent responsible science in the light of closing the 
Linnean biodiversity shortfall.
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INTRODUCTION
In most subfields of mycology, the issue of specimen rar-
ity has always been a major concern, especially when it 
comes to patterns of diversity (Gange et  al. 2019) and 
conservation (Molina et  al. 2011). However, fundamen-
tal questions regarding the treatment of rarity of fun-
gal specimens in taxonomy and ecology have yet to be 
answered. Lim et al. (2012) demonstrated that rare spe-
cies are very common in taxonomy and that the phenom-
enon of rarity has been little considered. In particular, 
considerations regarding rarity apply to microscopic 
organisms of which the vast majority of species are rare, 
or at least rarely recorded. Microbial, and more specifi-
cally fungal, diversity records are generally dominated—
in terms of abundance—by a small number of “common” 
species, suggesting that being common is not frequent 
in microbial groups, but “widely distributed” species of 
fungi often turn out to be species complexes following 
more rigorous analysis (e.g., Pringle et al. 2005; Haelewa-
ters et al. 2018).

Some researchers prefer not to describe singletons 
(Lim et al. 2012), i.e., species names of which the descrip-
tion is based on a single specimen. Many mycologists 
indeed choose not to describe potential new species 
based solely on a single specimen as it may lack suf-
ficient supporting material and thus may be of limited 
taxonomic value. Although the International Code of 
Nomenclature for algae, fungi, and plants or Shenzhen 
Code (hereafter referred to as the Code) does not prevent 
a specimen singleton from being designated a type (Tur-
land et al. 2018), it is generally recommended, especially 
by reviewers, to await the acquisition of additional mate-
rial when proposing a name based on a singleton (Aime 
et al. 2021). This practice is also frequently followed when 
collections or isolates of a potentially new species of fungi 
have been obtained, but the number of specimens nev-
ertheless remains limited. The microscopic dimension of 
fungal diversity is also greatly subject to the presence of 
singletons as it contains most of the described and esti-
mated fungal species (Hawksworth 2001). Molecular 
approaches such as the metabarcoding of environmental 
DNA (eDNA) have been a game changer in the study of 
fungal diversity (Ruppert et  al. 2019) while introducing 
numerous biases and concerns regarding species known 
only from few or single environmental sequences.

While the description of new species based on sin-
gletons is sometimes regarded as a somewhat improper 
practice, a number of aspects merit more discussion in 
the light of the specificities of the fungal kingdom and 
knowledge shortfalls (Hortal et  al. 2015; Haelewaters 
et  al. 2024). Although fungi represent great ecologi-
cal and taxonomic diversity and are globally distributed 
covering all terrestrial and aquatic ecosystems, they: (1) 

suffer from a lack of documentation and theoretical and 
practical knowledge, (2) pose challenges to observe and 
describe due to their cryptic nature, (3) represent con-
siderable protection and conservation issues; and (4) 
regularly show local to global rarity with risks for extinc-
tion (Gaston 1998; Harnik et  al. 2012; Hull et  al. 2015; 
Aime et al. 2021; Mueller et al. 2022). Here, we address 
the implications of recognizing fungal species based on 
singletons in both field- and molecular-based fungal 
taxonomy.

The definition of what is a “singleton” varies in the liter-
ature. Some studies use this term to designate specimens 
encountered only once in their field surveys, or single 
collections that may be composed of numerous speci-
mens. Other studies define singletons in a taxonomic 
context—as a species only known and described from a 
single specimen, while single molecular sequences are 
also frequently considered as singletons. Here, we apply 
the following definitions to avoid confusion:

(1) Singleton-based species: a species that is known 
and described from a specimen, collection or iso-
late singleton.

(2) Specimen singleton: a single specimen.
(3) Collection singleton: a single collection of a given 

species, usually made in the field, consisting of 
numerous specimens collected at the same place 
and at the same time (a “gathering” in the sense of 
the Code).

(4) Isolate singleton: a single isolate of a given species, 
originating from culturing.

(5) Molecular singleton: a single molecular sequence 
characterizing a species either generated from DNA 
barcoding or eDNA metabarcoding procedures 
that, in the current Code, cannot be considered as 
the type of a species when considered alone.

When the term “singleton” is used in a general context, 
it represents all previous definitions without making spe-
cific distinctions among them.

LIMITATIONS AND RISKS OF SINGLETON‑BASED 
SPECIES
Lack of natural variation
Depending on the fungal group, one specimen may not be 
representative of the whole range of variability of the spe-
cies and displays limited information about intra- and inter-
specific variations—which may lead to misinterpretation 
of species attributes such as phenology (Aghayeva et  al. 
2022). It may be that a specimen singleton lacks the sali-
ent diagnostic characteristics that differentiate it from all its 
closely related species. For instance, in some specimen sin-
gletons analyzed by Hosaka et  al. (2018) across collections 
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in Japan, microscopic characteristics (i.e., basidia, cystidia) 
were absent, while for others the availability of spores was 
limited. Those distinguishing features vary from one group 
to another but generally involve different life-cycle stages, 
notably either sexual or asexual characteristics, or both if 
applicable.

Similar issues are encountered in collection and iso-
late singletons. Although one collection or culture often 
includes multiple sporophores and thus some variability, 
it may still be not sufficiently representative of the pheno-
typic plasticity typical for the species and lack diagnos-
tic characteristics. A single preserved culture of a species 
may happen to lack sexual characteristics, as reported 
for Colletotrichum psidii (Weir et al. 2012). This renders 
it particularly difficult to link asexual and sexual morphs 
in a single classification system that considers specimen, 
collection, or isolate singletons.

Species descriptions are also preferred to be based 
on fully mature specimens since they usually bear well-
developed structures. However, even when specimen 
singletons are fully mature, they do not allow for the 
analysis of intraspecific variability (morphology, genet-
ics, geographic distribution, ecological preferences, etc.) 
or accessing information on different life stages. Some 
morphological characteristics may, however, be better 
observed in immature material. This is well illustrated 
in gasteroid fungi (Bowerman and Groves 1962). The 
description of species based on immature or overmature 
specimen singletons may complicate taxonomic work 
when it comes to comparing descriptions with that of 
other species—and may lead to the designation of epi-
types (see Ophiocordyceps unilateralis, Evans et al. 2011; 
Paurocotylis pila, Dennis 1975).

Material quantity, deterioration, and loss
Specimen, collection, and isolate singletons could face 
a particular risk of material deterioration, e.g., due to 
improper drying or preservation  techniques in fun-
garia. Stakes associated with the loss of singleton mate-
rial are much higher than when multiple well-preserved 
and representative specimens are available. The Code 
requires a physical specimen or permanently preserved 
metabolically inactive isolate to exist as type (Art. 8.1, 
Sect. 2, Chap. II), with some exceptions for illustrations 
of types prior to 1 January 2007 (Art. 40.4, Sect. 2, Chap. 
V) or concerning microfungi (Art. 40.5, Sect. 2, Chap. V). 
Material deterioration may also interfere with success-
ful molecular protocols. Well-preserved material greatly 
benefits the value given to specimen singletons and 
their use as extended specimens (Lendemer et  al. 2020; 
Antonelli et  al. 2023). Fossil fungal species are a special 
case; for those, a type specimen is a strict requirement 
(Code, Art. 8.5). Fossil taxa, which are by default almost 

always specimen singletons, are also frequently dam-
aged (Taylor et al. 2012; Perreau et al. 2021). Hosaka et al. 
(2018) found that many specimen singletons of “extinct” 
mushroom  species in Japan were contaminated with 
molds and fragmented.

If holotype specimens are degraded (e.g., no more or 
low quantities of available DNA), DNA is highly frag-
mented (e.g., ancient specimens; Miller et  al. 2022), or 
DNA is challenging to extract and amplify (e.g., mel-
anized tissues in some species of cladosporioid fungi and 
Laboulbeniales microfungi; Moslem et  al. 2010; Haele-
waters et al. 2015), DNA extraction may be hindered or 
result in fragmented barcode sequences not suitable for 
species descriptions. As a consequence, specimen sin-
gletons are particularly susceptible to being described 
as species new to science solely based on morphology, 
which is not in accordance with best practices for the 
ideal of an integrative taxonomy. Morphological diver-
gence is not always indicative of molecular divergence 
since the evolution of morphological characters may be 
faster than molecular characters and vice versa (Jargeat 
et al. 2010). Moreover, certain groups of fungi have few 
morphological characteristics, and some species may 
exhibit cryptic diversity or high phenotypic plasticity 
(e.g., Slepecky and Starmer 2009; Haelewaters et al. 2018; 
Hapuarachchi et  al. 2019; Van Caenegem et  al. 2023a). 
These observations highlight the need to combine mor-
phological and molecular data whenever possible when 
dealing with singleton-based species—in line with using 
integrated methodologies to study fungal diversity (Caza-
bonne et al. 2022).

Molecular singleton bias
One marker—notably the ITS region—can be suffi-
cient to achieve resolution at the species level, hence its 
adoption as a universal barcode for fungi (Schoch et  al. 
2012). Many fungal species descriptions are indeed now 
being associated with a single ITS sequence obtained 
from the type, thus considered a molecular singleton. 
Fungal species based on both specimen singletons and 
molecular singletons are increasingly found in the liter-
ature (but see Aime et al. 2021). However, some groups 
of fungi may require more than one marker. One marker 
also goes against best practices of integrative taxonomic 
frameworks that use multiple loci for species delimita-
tion methods (Cao et  al. 2021; Chethana et  al. 2021). 
Moreover, interspecific divergence in the ITS barcode 
can be lacking between two sister taxa (Kauserud 2023) 
whereas different copies of the ITS can be found in a sin-
gle genome (Hibbett 2016; Paloi et  al. 2022). Recently, 
Bradshaw et al. (2023) observed around 65% of 641 fun-
gal species having intragenomic ITS variation. This is an 
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important observation to consider when barcoding a sin-
gle fungal specimen.

In fungal diversity studies based on both DNA barcod-
ing and eDNA metabarcoding, molecular singletons are 
common and usually systematically removed from analy-
ses to avoid biased interpretation and errors in sequenc-
ing. Molecular singletons derived from sequenced 
specimens are also often removed from macrofungal 
ecological analyses, even though these singletons rep-
resent already described fungal species and most of the 
collected specimens in the sampled area (Holec and 
Kučera 2020). Molecular singletons may artificially inflate 
diversity matrices and “species hypotheses” (Kõljalg et al. 
2013) and result in non-asymptotic accumulation curves 
of species diversity (Sota et  al. 2014). They contain a 
strongly elevated proportion of insertions compared with 
natural intra- and interspecific variation (Tedersoo et al. 
2010; Sota et  al. 2014). Hibbett et  al. (2011) found that 
chimeric sequences are also common in environmental 
molecular singletons.

Metabarcoding of eDNA can fail to detect species pre-
sent in situ or detect species that are not present in the 
analyzed samples (false positives) (Ficetola et  al. 2016). 
Moreover, new species can be “created” by errors inher-
ent to sequencing machines; we designate these here as 
“silico species”. Silico species are, by definition, created 
de novo and thus do not occur in nature. Although this 
phenomenon does exist, it has only been sparsely dis-
cussed in mycological literature. Further investigations 
are necessary to tackle challenges posed by false positive 
and silico species in fungal molecular studies, notably for 
the detection and distribution of molecular singletons in 
environmental samples.

Non-culturable microscopic fungal species known 
from a single sequence deserve specific taxonomic and 
systematic treatments. The issue of DNA-based typifi-
cation of environmental samples has already been dis-
cussed by mycologists and is under active consideration 
(May and Redhead 2018; Nilsson et al. 2023). A commit-
tee looking into this is planned to report to the Interna-
tional Mycological Congress (IMC) nomenclature session 
in 2024 when a change could be approved.

Singleton‑based species threaten nomenclatural 
and taxonomic works
The full extent of taxonomic characters necessary to sup-
port the description of a new species is ideally gathered 
from multiple specimens from different developmental 
and life cycle stages and perhaps localities, where pos-
sible, and is complemented with multiple independent 
lines of support. Otherwise, the risks are to (1) either 
describe a novel species when there is none, or (2) not to 
describe a novel species when there is one. The distinctive 

characteristics associated with a specimen, collection, 
or isolate singleton can either be perceived as discrimi-
nating a new species or in other cases be considered as 
extending knowledge of the natural morphological vari-
ability of an already known species. With molecular sin-
gletons, biases related to sequencing errors can mislead 
mycologists and pass off simple genetic variations as evi-
dence of a new species.

In case (1), new collections will be necessary to show 
broader morphological and molecular variability and 
recognize that a singleton-based species falls within the 
circumscription of an already described species, caus-
ing the name to be synonymized. In case (2), the new 
but unrecognized singleton-based species may find 
itself lost among different species (see Hawksworth and 
Rossman 1997 for related insights in phytopathogenic 
fungi). Moreover, the phenomenon of multiple fungal 
taxa grouped under one name disables efficient scien-
tific communication (Ryberg and Nilsson 2018). Further 
screening and sequencing of fungarium collections may 
uncover those hidden singleton-based species. Still, this 
can lead to uphill taxonomic and nomenclatural work—
especially if no other specimens, collections, or isolates 
are available to serve as lecto-, neo-, or epitypes.

REASONS TO DESCRIBE AND PUBLISH 
SINGLETON‑BASED SPECIES
Specimen singletons as types are acceptable
The limits of action of fungal nomenclature are governed 
by the Code which continues to be improved (Turland 
et al. 2018; May et al. 2019). The Code does not prohibit 
the description of new fungal species based on speci-
men  singletons. Alongside articles of the code related 
to typification, the examination of sufficient material to 
support species description is one informal requirement 
that should be checked by editors and reviewers for pub-
lication. Aime et  al. (2021) discourage the publication 
of cryptic species based on a single collection without 
strong supporting evidence. As such, a fungal species can 
be published “with limited material but clear taxonomic 
novelty” (Seifert and Rossman 2010)—even though it is 
not in accordance with best practices—which de facto 
implicitly includes the case of single specimens.

Many fungi are rare and only known from singletons
The phenomenon of rarity is predominant in the fungal 
kingdom. Fungal species based on specimen, collection, 
and isolate singletons are common, especially in under-
studied groups of fungi and from understudied areas of 
the world. For instance, species represented by collection 
and isolate singletons dominate corticioid collections 
in North American pine and spruce forests (Rosenthal 
et  al. 2017), leaves in moist tropical forest of Central 
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Panama (Arnold et al. 2000), the phyllosphere of temper-
ate Quercus macrocarpa (Jumpponen and Jones 2009), 
and the romaine lettuce phylloplane (Haelewaters et  al. 
2021). Species of Hermatomyces (Pleosporales, Hermato-
mycetaceae) are often described based on single isolates 
or specimens collected from plant material (Koukol et al. 
2018; Delgado et  al. 2020). In some specific sampling 
locations, most macrofungi are known from a unique 
specimen in a single location (e.g., Malaysia; Mohammad 
et al. 2019). Some species are known from different loca-
tions only once (i.e., one mention per country; Haelewa-
ters et al. 2024) and species that are presumed “extinct” 
are sometimes known only from a single type specimen 
in collections (e.g., Ogasawara Islands, Japan; Hosaka 
et al. 2018).

High-throughput sequencing technologies make it 
possible to feed public databases and discover new phy-
logenetic lineages (“dark taxa”; Lücking et al. 2021). Still, 
some species are known only by one environmental 
sequence. Baldrian et  al. (2022) found that 2.5% of the 
9.6 million singletons in their analysis had more than 
97% shared identity with a fungal Species Hypothesis in 
UNITE. The numerous molecular singletons retrieved by 
Geml et al. (2009) suggest that there are still many spe-
cies of Lactarius species awaiting discovery in Alaska. 
Molecular singletons may represent true or even unde-
scribed species; however, they should be tackled with 
caution since many errors and biases are attributed to the 
sequencing process.

Improving the taxonomy and phylogeny of poorly studied 
groups
Understudied fungal groups generally comprise chal-
lenging specimens to observe, collect, and identify in the 
field. This may be due in part to their small size, micro-
scopic nature, interactions with plants (e.g., endophytes), 
insects (e.g., ectoparasitic microfungi), mosses, and 
lichens (bryophilous and lichenicolous fungi), as well as 
their surrounding habitat (e.g., soil and aquatic micro-
fungi). Fungi of such groups are generally collected by 
experienced taxonomists during field expeditions, which 
are expensive, time-consuming, and thus relatively rare. 
Once collected, it is often difficult to re-collect. If such 
collections—many of which are collection singletons—
are not formally described, their taxonomic information 
will be lost. As a result, the time interval between the col-
lection and publication of these taxa, referred to as “shelf 
time” (Fontaine et  al. 2012), increases and conservation 
efforts of the habitat they occur in will render incomplete.

For example, limited morphology coupled with molec-
ular data was sufficient to formally describe the marine 
fungus Lulworthia fundyensis from a single specimen 
(Crous et al. 2022). Despite years of trying, authors were 

unable to get the fungus to reproduce sexually in culture 
or on wood bait (A.K. Walker unpubl.). And the mono-
typic genus Globosphaeria with type species G. jamesii 
was described on very scant material (only two ascomata 
on the squamules of the lichen Normandina pulchella) 
after extensive searches on the same host during sev-
eral years failed to discover more material (Hawksworth 
1990). Specimen, collection, and isolate singletons may 
harbor relevant data that may greatly benefit the scientific 
community. As an example, Bimuria novae-zelandiae, 
described based on an isolate singleton (Hawksworth 
et al. 1979), proved significant in illuminating Dothideo-
mycetes phylogeny when sequenced (based on ribosomal 
DNA, Lumbsch and Lindemuth 2001; based on whole-
genome scale data, Haridas et  al. 2020). If possible, one 
should therefore describe collections for others to use in 
future work. Describing and appreciating the taxonomic 
value of singleton-based species contributes to acknowl-
edging a reality that mycologists routinely encounter, 
thereby permitting them to address questions related to 
fungal rarity in the environment that should not be post-
poned against global change.

Closing knowledge shortfalls while advancing 
conservation efforts
The description of a singleton-based fungal species is rel-
evant for species of which formal description will assist 
in conservation efforts and legislation, for the fungus 
itself or for its potentially threatened associated organ-
isms. The shelf time for a specimen singleton is pivotal 
since habitats might have been already altered by natu-
ral and anthropogenic factors. This issue is exacerbated 
in understudied fungal groups, which are character-
ized by knowledge gaps in species descriptions (Linnean 
shortfall), geographic distributions (Wallacean shortfall), 
most recent observations (Latimerian shortfall), and 
IUCN Red List assessments (Scottian shortfall) (Hortal 
et  al. 2015; Haelewaters et  al. 2024). The probability of 
re-collection could be greatly impacted with increasing 
shelf time, among others because of shifted phenology 
patterns. In Colletotrichum, many species known from 
a single occurrence or specimen have not been recorded 
afterwards despite sampling efforts, suggesting they 
might be endangered or extinct (Talhinhas and Baron-
celli 2021). As such, specimen singletons may be repre-
sentatives of species at risk for extinction.

As an example of how singletons can contribute to con-
servation efforts, Subramanian and Bhat (1987) described 
21 new species and six new genera of hyphomycetes  in 
the Silent Valley, Western Ghats, India. Only three of the 
newly described species were based on more than one 
collected specimen. Although fungi were just one of the 
dimensions of the intense surveys (also see Subramanian 
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2015), this cataloging of the rare fungal diversity of the 
region (the rarity being emphasized by the fact that most 
of the fungi were collected only once) played a key role in 
the protection of the Valley’s biodiversity. This was espe-
cially achieved by preventing the flooding of the Valley 
via stalling the construction of a dam project and found-
ing a National Park.

Considerations from other organismal groups
Species in other kingdoms represented by singletons 
are a well-known phenomenon. An estimated 30% of 
described invertebrate species are known from specimen 
singletons (Lim et al. 2012). Samples of southern African 
Scarabaeidae from Ahrens et al. (2016) included 49% sin-
gletons. In Ahrens et  al.’s (2021) study of phytophagous 
scarab beetles in Sri Lanka, around 27% of all species 
were represented by a single specimen and 14 of the 27 
morphospecies singletons were also molecular single-
tons. Conversely, it seems that plant species are rarely 
described based on singletons (Lim et al. 2012).

Descriptions of animal species based on a single speci-
men are accepted for the International Code of Zoological 
Nomenclature (Art. 61.1.2; International Commission on 
Zoological Nomenclature 1999), and there are no restric-
tions regarding the description of species from singletons 
(Kurina and Kirik 2021). As stated by Art. 73.1, a holo-
type can be based on a single specimen. In Art. 72.5, an 
animal (Art. 72.5.1) or one individual organism contained 
in a preparation for microscope examination (Art. 72.5.5) 
can be the name-bearing type of a species.

CHALLENGES IN DEALING WITH SINGLETON‑BASED 
SPECIES
The description of singleton-based species appears to 
be an acceptable practice in mycology that should be 
encouraged if multiple lines of evidence are assem-
bled. However, most mycologists recognize that this is 
often not possible. We argue that descriptions of fungal 
species can be based on the holotype, even if there are 
not more reference specimens, collections, or isolates. 
Descriptions of singleton-based species (or specimens; 
e.g., Van Caenegem et al. 2023b) may be followed by field 
and molecular studies that add new data and expand the 
existing description as well as biogeographic, ecological, 
and genetic information.

If descriptions of specimen singletons are unavailable 
to the scientific community, researchers will not be able 
to link new collections to already recorded and collected 
species, whether or not formally named—publishing 
these will  therefore facilitate further taxonomic works. 
Risks associated with publishing singleton-based spe-
cies are thus far less than withholding relevant data from 
publication. Waiting for additional specimens should not 

be an obstacle to the advancement of fungal taxonomic 
knowledge. Although the aversion towards describing 
singletons appears to be overcome (Cheek et al. 2020), we 
identity the following challenges.

Fungal singletons in a changing world filled 
with interactions
Fungal species described based on one specimen is a 
challenge in light of the “6th mass extinction”. The con-
cern is twofold: to discover undescribed species and to 
explore the size of their natural populations, not solely 
of those in risk of extinction. Among the undiscovered 
threatened fungal species, there may be ecologically cru-
cial singletons; their removal could have wider repercus-
sions in species interaction networks and ecosystems. 
These facts should encourage building models to infer the 
current or potential extinction of fungal species known 
from only one specimen and one or very few locations 
(Roberts and Jaric 2020). A first avenue could be to quan-
tify the proportion of currently known singleton-based 
fungal species in the literature, museum collections, and 
fungal data repositories. It is probable that many his-
torical and well-known fungal species were originally 
described based on single specimens, collections, or 
isolates.

The probability of documenting a fungal species in 
interactions during field sampling is reduced when both 
the host and the associated fungus must be found occur-
ring in the same environment at the same time. This con-
cern is notably present in the fossil record of parasitic 
fungi where the host and the fungus do not occur simul-
taneously in preparations (Luo et al. 2023). The combined 
rarity of both fungal species and host complicates field 
observations and host screening, but even a single host 
specimen can bear multiple co-occurring fungal species 
(Hawksworth 2001). Some fungal groups may deserve 
specific attention as they are involved in interactions with 
other kingdoms subject to singleton-based species, such 
as insects (Novotný and Basset 2000; Kurina and Kirik 
2021). Insects represent three-quarters of earth’s specific 
richness along with the fungi (Purvis and Hector 2000) 
and are involved in many poorly known insect–fungal 
interactions, which is likely to encompass a great pool of 
species known from singletons.

The number of macro- and microfungi described 
from singletons (or from just a few specimens) is likely 
to increase, knowing the documented effects of climate 
change on fungal phenology (Vogt-Schilb et  al. 2022) 
and host range (Gange et  al. 2011). Infection patterns 
of fungal ectoparasites are also impacted by changing 
environmental conditions (Szentiványi et  al. 2019; Kai-
shian 2021). The emergence period of sporophores and 
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the occurrence of fungal species on new hosts will be 
affected.

Lack of expertise and resources
The expertise of experienced and trained mycologists 
is necessary when dealing with singleton-based spe-
cies. To publish new species is highly dependent on the 
context, i.e., the state of preservation of the collection, 
fungal group, distinctiveness of the characteristics, sam-
pling area, and number of worldwide fungal specialists 
working on that group. This requires the knowledge of 
mycologists who are aware of taxonomic issues in their 
group, e.g., to know if particular morphological differ-
ences or genetic variation can be considered indicators 
of a new species or genus. However, fungal taxonomy 
remains uncompetitive compared to other fields of 
mycology and is relatively poorly funded. Therefore, fun-
gal taxonomy is underrepresented in academia and thus 
struggles to attract trainees. A recent study applied Red 
List methodologies to elucidate threats to insect taxon-
omists (Hochkirch et al. 2022). Many of their highlights 
are applicable to fungal taxonomists, including the short-
fall of taxonomic expertise in many of the most species-
diverse geographical areas. If no one is there to describe 
them, singleton-based species will be lost despite encour-
aged publication and recognition.

Current sampling efforts and resources may be insuffi-
cient to tackle the case of singleton-based fungal species. 
However, citizen science is still an untapped reservoir to 
generate data contributing to knowledge of fungal rarity. 
Specimen and collection singletons may come into the 
hands of amateur mycologists during mycological sur-
veys and never be documented. Some singleton-based 
species might have even been documented in online 
databases (e.g., iNaturalist, MyCoPortal, MushroomOb-
server), or through social media, without the submitter 
or poster being aware that their posted material is the 
only representative of a potential species new to sci-
ence. In recent efforts from the Fungal Diversity Survey 
in North America, citizen scientists are being encouraged 
through “Rare Challenges” (https:// fundis. org/ prote ct) 
to find local rare fungi. In addition, citizen science can 
contribute to a better knowledge of molecular singletons 
in environmental samples through projects aimed at col-
lecting samples for eDNA studies. An ongoing example 
is FunLeaf (https:// sisu. ut. ee/ funle af/ about) that seeks to 
describe endophyte communities using leaves collected 
and sent by citizen scientists.

Despite being largely unused at present, museum col-
lections represent treasure troves to fill knowledge 
gaps in biodiversity—including singletons (Miller et  al. 
2020; Card et  al. 2021; Johnson et  al. 2023). More than 
half of flowering plant species are estimated to have 

already been collected and stored in herbaria (Bebber 
et al. 2010). For fungi, many undescribed taxa are to be 
found in fungaria that may contain cryptic and new spe-
cies “hidden” under old names or collections identified 
only to genus. However, non-digitized museum collec-
tions of fungi are poorly documented, with around 17% 
of known species held in culture collections and 55% in 
fungaria (Paton et al. 2020), and often suffer from curato-
rial neglect (Smith 2020). Fungaria in understudied geo-
graphic areas and poorly funded collections (e.g., those 
in the Global South) are of great interest since they are 
often representatives of the local funga and accommo-
date many singletons. Under-resourced collections face 
higher risks of material degradation (Paton et  al. 2020) 
such as being consumed by arthropods or other pathogen 
attacks due to poor preservation conditions. They can 
sometimes stand as the only centralized institutional col-
lections available for a wide geographical range and may 
house many actual and potential type specimens.

Rarity in the light of fungal singletons
What is called rarity is highly specific to each group of 
organisms. It is difficult to distinguish between a lack of 
sampling efforts or true rarity (Bazzicalupo et  al. 2022), 
notably in fungal groups in which increasing sampling 
efforts still return new species—a direct result of the Lin-
nean shortfall (Haelewaters et  al. 2024). In fact, many 
fungal species are probably more common than is esti-
mated from collections. Thereby, fungal singletons and 
rarity are interlinked and intrinsically challenging, even 
more so when the definition of what is a species remains 
a matter of ongoing debate (Glomeromycotina; Bruns 
et al. 2018).

How singletons are perceived in fungal taxonomy is 
likely to be linked to our perception of biological rarity. 
For instance, for fungi only known from sporophores, it is 
difficult to determine when a species is rare. From a spo-
rophore, one species would seem rare whereas most of 
its mycelium still resides in the environment. Moreover, 
sporophores are produced under specific environmental 
conditions; thus, a species may be invisible at the surface 
for several years, even decades, and then produce them 
in abundance in a specific year or under specific condi-
tions. However, with global change, a rare fungal species 
today will probably not be equivalent to what a rare fun-
gal species was in the past or will be in the future. Moreo-
ver, whether a recently alive and described fungal species 
is truly extinct would be arduous to determine given the 
rarity with which some species occur. As seen, rarity has 
various meanings within fungi, requiring adapted, uni-
versally accepted definitions (sensu Kaishian et al. 2022) 
of what a rare fungus is across fungal groups in evolving 
contexts—to allow for precise communication.

https://fundis.org/protect
https://sisu.ut.ee/funleaf/about
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The place taken by the phenomena of fungal rarity 
may seem paradoxical given the immensity of the fungal 
kingdom; or that the large number of species, includ-
ing their omnipresence and abundance, compensate 
for their rarity. Despite their diversity and resilience in 
the face of environmental disturbances, many known 
(and unknown) fungi may be threatened due to global 
change. The fungal kingdom is one of the least known 
groups of organisms in the scientific and societal sphere 
(but see Kuhar et al. 2018; Gonçalves et al. 2021; Palahí 
et  al. 2022). Fungi challenge our current vision of what 
it means to be a rare species by giving pieces of evidence 
that being rare could be one of the most common eco-
logical patterns in ecosystems.

TOWARDS THE RECOGNITION OF FUNGI BEING 
SINGLE AND RARE
Singletons have traditionally been thought to be “poor 
science” (Cheek et  al. 2020) because a single speci-
men from a single location cannot achieve complete 
taxonomic value (Cheek and Bridson 2019) and may 
remain therefore unpublished or published with miss-
ing data. However, singletons are very common across 
all kingdoms; thus the question “Why are so many spe-
cies based on a single specimen” (fide Wells et al. 2019) 
also applies to organismal groups other than animals, 
including the fungi. The advent of molecular tools 
underlines the fact that fungal singletons are to be 
found in all ecosystems. Collecting or studying fun-
gal singletons may cause a feeling of frustration since 
it is desirable to have more material to present when 
describing species (Aime et  al. 2021). Nevertheless, a 
paradigm shift may be needed to address the challenges 
posed by global change; the high proportion of single-
tons from eDNA and in fungal inventories, suggests 
there is much unsampled fungal diversity and many 
new species remain to be discovered worldwide.

This manuscript calls for discussion, and we would 
be delighted to receive constructive feedback from the 
community. Fungal singletons go beyond the field of 
taxonomy and specialist mycologists; our lack of data 
on fungal singletons is symptomatic of our general lack 
of consideration of all fungi (Gonçalves et  al. 2021). 
Even if any trade-off can be foreseen in the quality and 
relevance of species description because of insufficient 
material, scientists and the general public must work 
hand in hand to achieve reasonable goals of knowledge 
and recognition of singleton-based fungal species. We 
therefore encourage the community to value the small-
est taxonomic or ecological data collected whether in 
peer-reviewed scientific journals or online databases 
for raw data and to put more effort into unravelling 
fungal singletons assuming many ecological functions, 

sometimes unsuspected, can be supported by them. To 
publish fungal singletons or not is no longer a question 
of best practice, but a question of necessity and respon-
sibility at a time when the real rarity limiting our obser-
vations is not the specimens, but those who study them 
and the habitats that shelter them.
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