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I. Taxonomy vs. Nomenclature
Taxonomy (science)
• Describing, naming, and classifying organisms, usually in accordance with hypotheses 

about evolutionary relationships
• Taxa (groups) = evolutionary hypotheses
• “Accepted” hypotheses (names, classifications) determined by community of experts
• Room for multiple opinions
Nomenclature (policy)
• Procedures for “valid” publication of new names of organisms and determination of 

the correct name of a taxon when more than one name exists
• Rules embodied in the International Code of Nomenclature for algae, fungi and plants

(the Code)
e.g., priority: oldest validly published name of a species is the correct name
e.g., typification: new names of species must have a physical type specimen

Nomenclatural validity ≠ Taxonomic correctness



The Code
• Amended every six years at the International Botanical 

Congress (most recently at XIX IBC, Shenzhen, China, July 2017)

• Matters pertaining only to Fungi are in “Chapter F”, amended 
every four years at the International Mycological Congress 
(most recently at IMC XI, San Juan, Puerto Rico, USA, July 2018)

Changes in nomenclatural rules occur v e r y s l o w l y



II. Described vs. actual numbers of fungal species
Ca. 135,000 described/accepted species of fungi
• 999-2614 sp described/yr (avg. 1452 sp/yr; 40,652 sp total) 1990-2017

The actual number of fungal species is not known to within several orders of magnitude.
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Estimates of actual diversity Years required to complete inventory*
1,500,000 (Hawksworth 2001) 910 yr
3,500,000 – 5,100,000 (O’Brien et al. 2005) 2243-3310 yr
165,600,000 (Larsen et al. 2017) >100,000 yr



The vast majority of new species are being 
discovered though molecular ecological surveys
e.g., Tedersoo et al. (2014):
• 365 sites, 40 soil cores each
• 1,397,679 filtered ITS seqs
• 44,563 non-singleton OTUs @ 97% similarity
• 9.8% match specimen/culture-based identified seqs
• ~40,000 unidentified/new spp. (comparable to all 

species described 1990-2017)

None can be named under the Code, because there is 
no type specimen.

Tedersoo et al., Science 2014



The vast majority of new species are being 
discovered though molecular ecological surveys
e.g., Archaeorhizomycetes
• 50 non-singleton species-level OTUs plus 95 singletons
• Discovered in >100 studies
• Only two species have been named (based on cultures).

Hibbett, Science 2016

See poster 48. M. Ryberg et al. “The future 
of taxonomy in the light of ‘dark taxa’”. 



The database of environmental sequences is 
growing exponentially
Lücking and Hawksworth (2018):
• GenBank has ca. 1,000,000 fungal ITS 

seqs, deposited over 30 yrs
• Sequence Read Archive has ca. 

1,000,000,000 ITS seqs since 2009

There is a profound disconnect between species discovery and species description.



III. A modest proposal

(308) Insert a new paragraph after Art. 8.5 as follows:
• “8.6. In fungi, when DNA sequence data corresponding to a new taxon have been 

detected, but no physical specimen has been found to serve as the type of the name of 
the new taxon (Art. 8.1–8.4), the type may be composed of DNA sequence data 
deposited in a public repository.”

Proposal is deliberately vague, because (1) technology is changing, (2) criteria vary from 
group to group, and (3) it is not the role of the Code to specify the evidence used for 
taxonomic decisions. But there are recommendations…



III. A modest proposal

(309) Add a new Recommendation 8C:
• “8C.1. When the type is composed only of DNA sequence data (Art. 8.6), the new taxon 

should be described with reference to a published phylogenetic analysis; both the 
phylogenetic tree and the DNA sequence alignment that was used to create the 
phylogenetic tree should be deposited in a publicly accessible repository.”

• “8C.2. A new taxon typified only by DNA sequence data should be represented by 
multiple sequences obtained in independent studies, of which one is designated as 
the holotype.”

• “8C.3. DNA sequence data used for typification should be drawn from the molecular 
regions that are appropriate for delimiting species, based on prevailing best practices 
as determined by the relevant taxonomic communities.”



Reactions to the Hawksworth et al. proposal were 
overwhelmingly negative.
Opinions from individuals:
• Seifert (2017)
• Thines et al. (2018) 
• Zamora et al. (2018)



Reactions to the Hawksworth et al. proposal were 
overwhelmingly negative.
Opinions from individuals:
• May & Miller (2018) reported results of a “guiding vote”, held on-line prior to the IMC. 
• The proposal was rejected by >75% of the votes, which calls for automatic rejection.



Reactions to the Hawksworth et al. proposal were 

overwhelmingly negative.

Opinions from taxonomic governing bodies:
May & Redhead (2018) reported opinions from the Nomenclature Committee for Fungi 

(NCF, 20-member permanent committee of the IBC) and the International Commission on 

the Taxonomy of Fungi (ICTF, 23-member committee of the IUMS). 

“Within the NCF there was strong opposition to Prop. F-005 and F-006 (2 – 15 – 3 – 0), with a 75 % 
No vote (and only 10 % Yes). Opinions on Prop. F-005 were also sought from the ICTF, within which 
there was also strong opposition to the proposal as published (2 – 12 – 4 – 0), with a 67 % No vote 
(and only 11 % Yes).”



Outcomes
Shenzhen 2017 (XIX IBC): 
• Proposal was not accepted
• Special Committee was appointed to address the matter and report to the next IBC 

(Rio de Janeiro, July 2023).

San Juan 2018 (IMC XI): 
• Proposal was not accepted
• Special Committee was appointed to address the matter and report to the next IMC 

(Amsterdam, July 2022).



Objections 1: Sources of error.
• PCR artifacts, chimeras, sequencing errors.
• Gene-tree/Species-tree conflict, due to (1) hybridization, (2) incomplete lineage sorting, 

(3) horizontal transmission
• Lack of species-level resolution of selected markers
• Intragenomic heterogeneity of selected markers 
• Lack of comparability among databases of different genes
• Described but unsequenced species

All are potentially serious.
All can be addressed through technical or social mechanisms.
All have comparable sources of error in specimen-based taxon description.
See Lücking and Hawksworth (IMA Fungus, 2018) for assessment of impact and strategies to minimize error.



Should the Code take on a quality-assurance 
function?
The Code is silent on the criteria for recognizing species, and it does not require:
• Peer review
• Multiple collections/specimens
• Sequence data (ca. 40% of new species lack sequence data)
• Guarantee that type specimens are informative or accessible
“In discussion of the formal proposal in the ICTF two procedural options for handling DNA-
based names were raised: that names typified on DNA sequences alone must be: (1) 
published in specified journals (that adhere to a taxonomic code of practice); or (2) 
approved post-publication by a Subcommittee on DNA-based names.” (May and Redhead, 
2018)
“Quality may not need to be legislated in the ICN, but it still needs to be enforced; there is a 
strong tendency among mycologists to use the ICN as a quality assurance mechanism.” 
(Seifert, 2017)



Objections 2: Depression of traditional taxonomy.
“As taxa with DNA sequence types accumulate, the description of a new species will be 
increasingly difficult without DNA sequence data. Describing new species based on the 
morphology of unsequenced material will in practice not be feasible if the possibility exists 
that this species has been described based on a DNA sequence.” (Zamora et al. 2018)

“An undesired side-effect that should also be considered is that, in practice, few researchers 
will be devoted to redescribing (or actually describing) species that have been previously 
named based on just a DNA sequence. This has several causes, but among them, there is an 
important bias in research journals disfavoring the publication of re-descriptions of 
already known taxa, versus the description of new taxa.” (Zamora et al. 2018)

“If all the ‘dark matter’ of the cryptic basal lineages of fungi (Grossart et al. 2016) would be 
formally named based on sequence data, this would probably also discourage the 
laborious search for these organisms by FISH and other microscopy techniques.” (Thines
et al. 2018)



Objections 2: Depression of traditional taxonomy.
[re. options for sequence-based typification] “...Further refinements discussed included: 
DNA- based names are allowed but (3) do not compete for priority with names based on 
specimens...” (May & Redhead 2018) 



Objections 3: Marginalization of researchers in 
developing countries.
“Sequence-based types favour well-funded large mycology labs and leave researchers in 
developing countries behind... Environmental sequencing can only be pursued by 
mycologists with access to laboratories with molecular biology equipment and 
computational infrastructure sufficient for the handling of large datasets... Apart from all 
the issues mentioned so far, allowing DNA sequences as type would thus create an even 
larger gap between developing countries and developed countries, leaving the former 
behind when it comes to the discovery of new species.” (Thines et al. 2018)



Objections 4: Reduced support for herbaria and 
culture collections.
“...if sequence data were accepted as type, specimens might be seen as obsolete and only 
cost-prohibitive museum objects, as they are more difficult to store, curate and preserve 
than sequence data. This could herald the end of fungaria and the decline of culture 
collections...” (Thines et al. 2018)

Sequence-based species description is perceived as an existential threat to taxonomy.



Objections 5: The rise of the machines.
“The proposal promotes the mechanical production of taxon names based on minor 
sequence divergence, without taking any other data (such as genetic variability or already 
described taxa) into account. Much downstream time will have to be spent by future 
mycologists gathering additional information.” (Zamora et al. 2018)

“There is also the risk that in systems where quantity in research is valued higher than 
quality, massive amounts of names without detailed quality checks would be published, 
flooding fungal nomenclature with tens of thousands of meaningless names that would 
need to be sorted out in future decades or centuries.” (Thines et al. 2018)

“Do we want machine taxonomy in fungal biology? ... If DNA sequences comprise both the 
description and the type, it is a short step to a pipeline that automatically describes and 
names the OTUs as species. The question of machine-automated species description is 
staring us in the face.” (Seifert 2017)



IV. Sequence-based species descriptions, so far
Three studies, nine species:
• Fliegerová et al. (2012). Piromyces cryptodigmaticus
• Lücking & Moncada (2017). Lawreymyces, with seven species 
• De Beer et al. (2016). Hawkworthiomyces sequentia



Piromyces cryptodigmaticus.
• Described with reference to phylogeny and ITS sequences.
• Typified with sample of environmental substrate (manure).

http://www.indexfungorum.org/Publications/Index%20Fungorum%20no.1.pdf
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Piromyces cryptodigmaticus.
• Currently listed in CoL as an “accepted” species

http://www.indexfungorum.org/Publications/Index%20Fungorum%20no.1.pdf



Piromyces cryptodigmaticus.
• However, Tripp & Lendemer (2012) questioned whether the publication was valid, 

because it described “properties” rather than “features” of the species.
• NCF ruled in 2018 that the description was not diagnostic.
• Therefore Piromyces cryptodigmaticus is not a validly published name.



Lawreymyces.
• Lücking & Moncada (2017) obtained ITS sequences of an “unmanifested” 

basidiomycete from thalli of the tropical lichens Agonimia foliacea and Normandina. 

Lücking & Moncada Fig. 5.



Lawreymyces.
• Described a new genus Lawreymyces, with seven species. 
• Thorough description of sequence characters, phylogeny, quality-control mechanisms etc.



Lawreymyces.
• Typified with an illustration, as per Arts. 6.1 and 40.5 of the Code.



Lawreymyces.
• Typified with an illustration, as per Art. 40.5 of the Code.



Lawreymyces.
• Seven species of Lawreymyces are currently listed in CoL as “accepted”. 



Lawreymyces.
• However, the NCF questioned whether an alignment is an illustration (“work of art”). 



Lawreymyces.
• In the Shenzhen Code, a note was added that the Lawreymyces taxa are not valid.



Hawksworthiomyces sequentia.
Hawksworthiomyces gen. nov.
• 10 species
• 3 named based on cultures + environmental seqs
• 5 unnamed, based on environmental seqs from a 

single study
• Hawkworthiomyces sequentia named based on one 

environmental seq from Sweden and another from 
a culture from British Columbia, which was lost.



Hawksworthiomyces sequentia.
• Hawkworthiomyces sequentia has no type, either an illustration or a sample from the 

substrate, so this was never considered validly published.



Hawksworthiomyces sequentia.
• Hawkworthiomyces sequentia is not listed in CoL.



V. When does a molecular signature become a 
species?



V. When does a molecular signature become a 
species?
Never



V. When does a molecular signature become a 
species?
Never
• A species is a historical entity. 
• A sequence (or spore measurement, specimen) is piece of evidence that a particular 

species exists. 
• A name is a label for a historical hypothesis.



V. When does a molecular signature become a 
species?
Better questions:
• What criteria warrant recognition of a species?

o Multiple specimens/cultures, with phylogenetic concordance among multiple genes?
o Single collection with morphology, but no molecular data?
o Multiple environmental sequences, with associated metadata, but no specimen?

• Would science and society be better of with or without the names Piromyces
cryptodigmaticus, Lawreymyces, and Hawksworthiomyces sequentia? 

• Should the Code take on a role as a taxonomic quality-assurance mechanism?
• Can taxonomy take advantage of the flood of biodiversity data coming from molecular 

environmental surveys?
• Who gets to name fungi?



Thanks to
Paul Kirk
Participants in the DNA-based species debate (pro and con)


