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O
ne, two, three … 300? At a time when  
systematists are interested in biodiversity, 
it is important to be able to enumerate 
numbers of organisms. For example 
mycologists believe that many fungi 
remain to be discovered to reach the 

total estimated 1.5 million species. Numbers of species are 
dependent to some extent on a choice of a species concept, a 
topic that has been the subject of heated discussions among 
systematists of all organisms. My colleagues and I study 
yeasts that inhabit the gut of insects feeding on fungi. After 
6 years of periodic collecting in Panama and the southern 

USA, a limited geographical range, we believe we have 
approximately 300 novel ascomycete yeast species in a 
group (Saccharomycetales) currently estimated to contain 
about 800 species. Yeasts are essential to decomposition in 
many environments and some are important economical- 
ly. We hope to discover that our yeasts are both ecologically 
and economically significant, but for the moment we are 
preoccupied with determining and describing unique species 
from the poorly investigated beetle gut habitat.
 A dramatic shift in my research occurred when I put  
aside the study of life cycles and phylogenies of insect-
dispersed fungi with complex life histories, some involving 

two unrelated hosts and as many as 
three distinct morphological states in 
the same life cycle. I was diverted from 
such remarkable fungi by Dr Sung-Oui 
Suh, a postdoctoral researcher in the  
laboratory, to the study of yeasts from 
the gut of mushroom-feeding beetles. 
Our research emphasis changed, there- 
fore, not only to fungi with an extremely 
simple morphology, but also to resolv- 
ing different questions set at lower taxo- 
nomic levels. Because of the presence of 
relatively few morphological characters 
in yeasts, physiological traits have been 
used as phenotypic characters, but such  
traits often are too plastic to serve as 
stable markers for species.

What is a species?
Our need for a species concept became 
urgent when, in our first year of study-
ing insect gut yeasts, we discovered 
almost 100 potentially undescribed 
taxa. Then there were 200, and today, 
almost 300 undescribed yeasts. We 
spoke glibly about numbers of ‘species’ 
without considering exactly how we 
defined them. There is no shortage  
of species concepts from which to 
choose, and, perhaps much of the con- 
fusion surrounding the topic rests with 

separating theory from practice. An 
excellent discussion of species concepts 
applied specifically to fungi by John W. 
Taylor and colleagues, distinguishes 
theoretical and operational aspects of the 
question. In their evaluation of species 
concepts, outlined by R.L. Mayden, 
they accepted the Evolutionary Species 
Concept (ESC) of G.G. Simpson as a 
primary theoretical species concept. 
Briefly, the ESC defines a species as 
a group of organisms with a history 
of common descent that ‘maintains 
its identity from other such lineages…’. 

Mayden considered other concepts: 
Morphological Species Concept (MSC), 
Biological Species Concept (BSC) and 
Phylogenetic Species Concept (PSC) to 
be secondary to, but compatible with, 
the ESC.
 Taylor and colleagues discussed 
species concepts in terms of recognition 
criteria and pointed out that these are 
not specified by the ESC, although they 
are inherent in secondary, operational 
concepts such as the MSC, BSC 
and PSC. Moreover, theoretical and 
operational concepts can be separated 
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 Far left. Wood-boring passalid beetles attempt an escape into their tunnels. The beetles 

inhabit wood previously infected by white rot basidiomycetes that have removed cellulose 
and lignin, making the wood suitable for beetle invasion. These beetles harbour very different 
yeasts when compared to those of fungus-feeding beetles, and their hind gut microbiota 
includes xylose-fermenting yeasts. Meredith Blackwell

 Far right. Where are all the yeasts? Novel gut yeasts are known from the beetle Ellipticus 
sp. (Erotylidae) shown feeding on sporulating patches of Tinctoporellus epimiltinus 
(Basidiomycota). The basidiomycete is one of the species that is widespread in Louisiana as 
well as other parts of the Caribbean, but thus far associated insects and yeasts have much 
more restricted distributions. Joseph V. McHugh

 Left. Yeast-harbouring endomychid beetles are found feeding on a variety of fungi, including 
some ascomycetes, the dark patches seen here. Joseph V. McHugh

 Right. The larger erotylid beetle (Megischysus sp.) and three scaphidiine (Staphylinidae) beetles 
feeding on a resupinate polypore. The presence of different beetles on the same fruiting body 
has been postulated as providing opportunity for host switching by their gut yeasts. Joseph V. 
McHugh
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on the basis of ‘species concept’ and 
‘species recognition’. The criteria for 
recognition of species are inherent in 
the name of the concepts: basically 
(1) morphology, (2) reproductive 
competence and (3) position in a 
phylogenetic tree. For most fungi 
morphology is very simple – in fact 
that is why yeasts (and bacteria) were 
distinguished by physiological traits 
early in the history of their systematics. 
Physiological traits, while no longer 
considered to be the best characters for 
recognizing species, do provide clues 
to ecological function and help in the 
recognition of yeast guilds that share 
similar nutritional resources. Tests 
of the BSC relying on reproductive 
compatibility do not work well for 
most fungi, because many are asexual 
and many more are self-compatible 
and do not outcross. 20 % of all 
fungi are estimated to be asexual; for 
ascomycete yeasts the proportion is 
even greater with 215 asexual to 265 
ascospore-producers recorded in 1998. 
That many of the ascospore-formers 
are non-outcrossing yeasts increases 
the count even more.
 The use of two of the criteria, 
morphology and sexual compatibility, 

to distinguish species has been played 
down on the grounds that these 
recognition criteria cannot be applied 
with an expectation of precise success. 
The criteria, however, should not 
be completely disregarded, because 
they have been the basis of so many 
currently recognized fungi. Recent 
comparisons of fungal species based on 
morphological or reproductive com-
patibility criteria, however, indicate 
that species numbers usually, although 
not always, are underestimated by com-  
parison with species recognized on  
the basis of DNA analysis, because 
changes in morphology and repro-
ductive capacity often lag behind 
genetic change. Phylogenetic species 
recognition is also favoured because  
it can be applied readily to all fungi.  
Fungi share characters from DNA  
sequences that, regardless of morph- 
ology or  reproductive capability, can 
be collected and analysed to produce 
gene genealogies of potential species.

Lines of demarcation
At this point an operational problem 
arises: where to draw the species line? 
Is it appropriate simply to draw a line 
based on a clustering of terminal taxa 

in a tree? Taylor and colleagues applied 
a non-arbitrary method, genealogical 
concordance, that relies on agreement 
of several different gene genealogies to 
indicate placement of the line of species 
limits. Varying degrees of discordance 
among genealogies indicates that 
lineage sorting and fixation of genes 
is not complete and isolation of 
the population has not happened. 
Phylogenetic Species Recognition by 
genealogical concordance has been 
applied successfully to a wide variety 
of basidiomycetes and ascomycetes as 
well as non-fungal organisms, including 
prokaryotes.

Delimiting 300 new species?
How do we delimit and describe 300 
new yeasts within the 6-year period of 
grant funding? This is a huge problem 
because of the constraints of community 
expectations and nomenclature code 
restrictions. We characterize the yeasts 
using DNA sequences, a feat rapidly 
accomplished by a team of hard-
working undergraduates. By 1998 
Cletus Kurtzman and colleagues had 
sequenced the D1/D2 region of the 
large subunit nuclear ribosomal RNA 
gene (LSU rDNA) of all available yeast 

species. Their original database, to which we and others 
have added hundreds of additional sequences, makes it 
possible to find close relatives of new yeasts using not 
only BLAST searches but also phylogenetic analyses for clade 
recognition and to provide a basis for delimiting species. It 
is common for gut yeasts to vary by as many as 30–70 bp 
in the D1/D2 region. Other yeasts may vary by only a few 
base pairs from a known strain, and these are more difficult, 
because the question of where to draw the species line arises. 
Kurtzman suggested that a substitution rate greater than 1 % 
in about 600 bp in the D1/D2 region be used to separate 
species – approximately 4 or more base pairs difference for 
ascomycete yeasts. The difference correlates well with data 
from mating tests in a study of biological species in yeasts 
that could be crossed. The 1 % solution, however, failed to 
distinguish Saccharomyces cerevisiae and S. bayanus, and other 
close relatives, and almost certainly provides a conservative 
estimate of species numbers as suggested for other fungi.
 In practice, in our rush to characterize yeasts, we do not 
obtain sequences of several independent DNA regions for 
the novel yeasts. We do, however, use additional markers, 
e.g. microsatellites and the plastic physiological traits 
that are useful at low taxonomic level. These markers are 
more variable than sequences, and we almost certainly 
underestimate species numbers in order to handle the large 
numbers of novel isolates.

Needs for yeast systematics
We are fortunate to have a dense LSU rDNA database, and 
many literature resources are widely available for the study 
of yeasts. In addition to the required classic, The Yeasts, a 
Taxonomic Study (Kurtzman & Fell), with a fifth edition in 
preparation, an essential online resource, the BioloMICS 
database of the Centraalbureau voor Schimmelcultures 
(CBS) (www.cbs.knaw.nl/) based on the book, has characters 
of all species, an online identification system and up-to-date 
references. These resources available for yeasts are exceptional 

 Top. Many insects have intimate associations with yeasts, but so do 
other animals. The nest of a Panamanian bird contains speckled eggs 
and is composed in large part of rhizomorphs, the dark, narrow-
diameter filaments that are made up of ropes of microscopic thread-
like somatic structures of fungi. Nhu H. Nguyen

 Bottom. Carmen Rodriguez (University of Georgia) and Nhu Nguyen 
(Louisiana State University), participants in the National Science 
Foundation Research Experiences for Undergraduates program, 
collect beetles at the Smithsonian Tropical Research Institute, Barro 
Colorado Island site, Panama. Students acquire many skills from 
collecting, isolating and purifying yeasts in culture to performing a 
number of molecular techniques. Joseph V. McHugh

 Left. Buds make the yeast. This photomicrograph of the type of a 
new species collected at the Smithsonian Tropical Research Institute, 
Barro Colorado Island, Panama, illustrates yeast buds. The name of 
the species, isolated from gut of a fungus-eating beetle, Candida 
sinolaborantium, commemorates the Chinese labourers whose 
lives were lost to build the transisthmian railroad that preceded 
construction of the Panama Canal. Cennet Erbil

 Right. Polyporus tenuiculus, a delicate wood-decaying basidiomycete 
is a favourite food of many beetles that harbour yeasts in their gut. 
Nhu H. Nguyen

Our need for a species  
concept became urgent 
when, in our first year of 
studying insect gut yeasts, 
we discovered almost 100 
potentially undescribed taxa; 
then there were 200, 300…



among fungi, and yeast systematists are finding many new 
species that can be identified to near species level rapidly 
using DNA sequences – or can be recognized as undescribed. 
In fact rapid deposition of DNA sequences to GenBank has 
promoted collaboration among yeast workers with similar 
sequences in distant localities, including, in our experience, 
Panama, Brazil, Portugal and Belgium.
 Although rDNA is well sampled for many species and  
about 20 complete genome sequences are available, more 
sequences, especially for protein-coding genes, are needed 
for basal yeasts to provide a well-supported predictive 
phylogenetic framework for organizing yeast taxa. Genomes 
will help to access additional appropriate DNA regions 
for use in systematics. Continued collecting from natural 
habitats will lead to the discovery of many more predicted 
novel yeasts. Additional sampling will also help to establish 
biogeographical limits of many species currently known from 
only few localities.
 What more could we wish for to help characterize 300 
yeast species? Our most immediate need is for rapid methods 
to determine yeast physiological profiles. We culture 1–3 
isolates of every yeast we describe in about 100 different 
ways to determine physiological and morphological traits. 
This tedious characterization procedure is a part of the 
‘standard’ description recognized by the community of 
yeast systematists, one that also gives value added data on 
potentially valuable biological organisms – especially at a 
time when discussions of petroleum alternatives are intense.
 The elimination of the Latin diagnosis required for 
valid publication by the International Code of Botanical 
Nomenclature, would dramatically hasten the publication 
of our 200 novel yeast backlog. Time spent on translating 
a diagnosis to Latin or discussing whether a description 
should be in the nominative or the ablative case, could be 
used for more rapid publication of essential organisms in our 
environment!

How many fungi?
Search for and discovery of novel fungi were common 
themes of papers and entire symposia at the 8th International 
Mycological Congress held in Cairns, Australia, in late 
August. In our own presentation we suggested that known 
ascomycete yeast numbers had increased by almost 30 %, 
and we predicted that sampling of previously collected insect 
gut habitats in just Panama and the southern USA could 
easily yield another 100 species, something Dr Suh and I 
are close to achieving. Yeasts have been, and will continue to 

be, useful models in population studies that will lead to an 
understanding of mechanisms of speciation. Some degree of 
host and geographical specialization of nearly 300 insect gut 
yeasts and the vast regions left to sample for insect gut yeasts, 
indicates that these organisms will contribute significantly to 
increasing the numbers of ascomycete yeasts and indeed the 
total number of all fungi.
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