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An Understudied Kingdom

Although most people immediately 
recognise mushrooms, with their 
well-known cap and stem, many other 
fungi, such as yeasts and moulds, are 
microscopic. Despite their importance, 
many of these fungi have been 
overlooked, with millions of species still 
awaiting description. 

‘Fungi are essential to ecosystem 
functioning, they occur virtually 
everywhere and form complex 
mutualisms with diverse organisms 
including prokaryotes, algae, plants, 
invertebrates, vertebrates, and other 
fungi,’ says Dr Danny Haelewaters, 
a researcher at Ghent University in 
Belgium, who studies the classification, 
biology, and ecology of fungi.

Dr Haelewaters has contributed 
substantially to known fungal diversity, 
describing and documenting more 
than fifty new species. One microscopic 
fungus, discovered and described 
by Dr Haelewaters, is Laboulbenia 
quarantenae, which he named after the 

lockdown measures that were in place 
at the time due to the global COVID-19 
pandemic. Although the pandemic 
caused much of Dr Haelewaters’ 
field studies to be cancelled, it 
serendipitously gave him and his 
colleague the time they needed to 
finally describe the species. 

Describing new fungi such as 
Laboulbenia quarantenae is of interest 
to not only mycologists, but for anyone 
interested in ecological conservation 
and maintaining biodiversity. Some 
fungi, for example, are critical to the 
health and survival of plants. Others 
provide essential ecosystem services, 
such as the decomposition of matter 
into available nutrients for plants and 
animals. However, we cannot truly 
understand the role of fungi – or which 
fungal species are threatened – unless 
we first document their existence, 
understand their evolution, and study 
their basic biology. Armed with this 
knowledge, conservationists would be 
able to devise more effective strategies 
for protecting important fungal species, 
and their wider ecosystems.  

Therefore, Dr Haelewaters has 
dedicated much of his career to 
researching two understudied classes 
of fungi: Laboulbeniomycetes and 
Leotiomycetes. 

The class Laboulbeniomycetes is 
a unique group of fungi that form 
obligate relationships with insects 
and other arthropods. However, due 
to their microscopic size, peculiar 
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From microscopic, single-celled yeasts to a mycelium that can 
cover many acres underground, fungi represent a diverse array 
of organisms. However, despite their global distribution, diverse 
growth forms, and complex interactions with other organisms, 
we still know very little about fungi. This lack of knowledge is 
reflected in the numbers: although it is estimated that there are 
between 1.5 and 6 million species of fungi, only around 138,000 
have been described. Dr Danny Haelewaters of Ghent University 
is contributing to closing the gap in our understanding. His 
team’s research explores the diversity of fungi, in addition to their 
evolutionary history and ecological interactions with other groups 
of organisms.
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Thalli of Laboulbenia quarantenae, 
named after the COVID-19 quarantine 

period. Scale bar = 0.1 mm.  
Photo: André De Kesel.



Ladybird infected by a species of Laboulbeniales. Photo: Bart Horvers.

morphologies, complicated life history, 
and the inability of many species to 
be grown in culture, they have been 
mostly neglected by mycologists. While 
Laboulbeniomycetes present a variety 
of challenges that preclude research, 
descriptions of species within the class 
Leotiomycetes have been comparatively 
extensive. However, attention has 
been mainly focused on species in 
the Northern Hemisphere, whereas 
the tropics, Africa, and Asia have been 
virtually unsampled.  

In addition to describing new fungal 
species, Dr Haelewaters has also 
creatively used and in some cases 
developed new tools and technologies. 
When combined with traditional 
classification methods, his techniques 
have elucidated complex evolutionary 
relationships among species in these 
two classes of fungi. His current work 
has now branched into the ecological 
implications of the associations 
that fungi make with other types of 
organisms – leading to a whole new 
area of community ecology research, 
in which he asks questions about how 
climate and habitat may affect these 
associations. 

Evolution of Parasitic Fungi

Of all fungi, parasitic fungi are perhaps 
the most understudied. The most 
diversified group of fungi within 
the Laboulbeniomycetes class is 
Laboulbeniales. This is an order 

consisting of fungi that live as external 
parasites on arthropod hosts. As 
‘obligate parasites’, they must associate 
with a host in order to survive and 
reproduce. Colloquially known as 
‘beetle hangers’, these tiny fungi appear 
to ‘hang’ from many arthropod species 
– mostly beetles – by attaching to their 
bodies. With 2,325 known species and 
many more awaiting descriptions, the 
Laboulbeniales order is quite species-
rich.

Laboulbeniales can parasitise a wide 
range of arthropod hosts, including 
beetles, mites, millipedes, cockroaches, 
earwigs, and flies. Despite this broad 
host diversity, most of these fungi 
exhibit strict host specificity, with each 
species of fungi associating with only 
one species of host. However, some 
Laboulbeniales species are habitat-
specific rather than host-specific, having 
multiple hosts that are in unrelated 
groups yet occur in the same habitat, 
such as underground caves or ant nests. 

The unusual morphologies and 
microscopic size of Laboulbeniales 
species makes them difficult to 
study. This difficulty is compounded 
by the fact that, contrary to most 
fungi, researchers have not been 
able to grow Laboulbeniales 
in culture. Consequently, the 
relationships between Laboulbeniales 
and other members of its class, 
Laboulbeniomycetes, are still not well 
understood.

While previous research has mainly 
characterised Laboulbeniomycetes 
by grouping species based on their 
physical attributes, Dr Haelewaters 
was among the first to combine 
morphological methods with modern 
genetic sequencing and molecular 
tools, as well as ecological information, 
to evaluate their evolutionary history. 
Using this method on a parasitic 
fungus of ladybirds, he found that each 
ladybird species has its own unique 
species of fungus. This approach has 
also led to other fascinating discoveries. 
For example, Dr Haelewaters 
developed the first evolutionary tree 
of Laboulbeniomycetes based on 
multiple molecular markers, which 
describes how species in this group 
are related to one another and how 
they diversified. During this work, Dr 
Haelewaters established a new order, 
the Herpomycetales, to accommodate 
species that are exclusively associated 
with cockroaches. 

Though Dr Haelewaters’ contributions 
have been significant, he is dedicated 
to deepening our understanding 
of the evolutionary history of 
Laboulbeniomycetes further. ‘Resolving 
evolutionary relationships among 
Laboulbeniomycetes is a long-term 
pursuit that I will continue to develop,’ 
he says. To do so, he received funding 
to sequence an additional 25 fungal 
genomes.

Alongside their use of technological 
tools, Dr Haelewaters and his colleagues 
also connect concepts from theoretical 
ecology and fungal morphology, to 
make predictions on how morphology 
and distribution might influence 
host specificity. For example, some 
Laboulbeniales species penetrate the 
host tissue using a structure known as a 
haustorium, while others simply attach 
to the surface of their host’s body. Dr 
Haelewaters hypothesises that, as hosts 
develop defence mechanisms, these 
fungal parasites with a haustorium 
adapt accordingly, which can lead to 
the evolution of new species. In other 
words, species with a haustorium are 
highly host-specific. 
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Parasites of Parasites

As obligate parasites, our understanding of the Laboulbeniales 
is only as good as our understanding of their host relationships. 
Since 2015, Dr Haelewaters has investigated the species-level 
diversity of Laboulbeniales associated with flies that parasitise 
bats. Between 2015 and 2020, Dr Haelewaters conducted 
field studies in Honduras and Panama, which resulted in the 
discovery of six new species of fungi being described and 
thousands more bat flies being added to a large repository of 
over 12,000 bat fly samples. His activities in Panama have led to 
a long-term collaboration with researchers at the Universidad 
Autónoma de Chiriquí to mentor students and investigate the 
local Laboulbeniales diversity. 

This tripartite relationship between bats, bat flies, and parasitic 
Laboulbeniales fungi is globally common. Collaborating with 
Operation Wallacea and Taxon Expeditions, two networks of 
academics who implement biodiversity research expeditions 
with students and citizen scientists, Dr Haelewaters and his 
team are starting to monitor bats for the presence of bat flies 
in field sites in Central and South America, Europe, Africa, and 
Asia. 

Dr Haelewaters and his colleagues plan to keep building 
on their repository to see if there are certain traits that are 
correlated with parasitism. For example, the researchers have 
already reported data indicating that local temperature and 
humidity influence parasitic prevalence of Laboulbeniales on 
their hosts. With human-induced habitat fragmentation altering 
ecosystems worldwide, it may be speculated that parasitism by 
Laboulbeniales could become more widespread in the future. 
The team hopes to continue to sample bats and bat flies to 
have a more robust repository of data, so that they can better 
understand the possible impacts of climate change and habitat 
fragmentation on Laboulbeniales fungi and their hosts. 

Describing New Fungi

One of the largest questions in mycology is: What are the 
millions of fungi that have not yet been described, and where 
are they found? The Leotiomycetes class, understudied in Asia, 
Africa, and the tropics provides an excellent opportunity to 
examine both questions. 

Dr Haelewaters is now part of an international team leading 
research into this class and is pioneering efforts to sample 
for species in previously unvisited areas. For example, 
Dr Haelewaters and his team received an EU INTERACT 
Transnational Access grant to sample peat bogs in Siberia, and 
funding from the United States National Science Foundation to 
support research in Mozambique, Ireland, and Central America. 

Additionally, Dr Haelewaters started a long-term fungal survey 
at Cusuco National Park in Honduras in 2019 and has thus far 
collected over a hundred specimens, of which eleven likely 
represent undescribed species. Such a long-term study has 
the potential to greatly expand our understanding of fungal 
diversity, and – again – to evaluate the long-term effects of 
habitat disturbance due to climate change and activities such 
as deforestation. 

Broader Implications 

Understanding what type of species exist and where they are 
found is integral to creating and implementing conservation 
goals. Beginning to classify the millions of undescribed fungal 
species and their interactions with other organisms will expand 
our understanding of fungal diversity and their ecological roles. 

Dr Haelewaters has contributed not only to sampling for 
these species, but in prioritising understudied areas and using 
modern-day tools and technologies that allow for fungal 
diversity to be placed in an evolutionary context. By expanding 
our knowledge of fungal species, including their evolution and 
complex ecological roles, conservationists will be far better 
equipped to protect Earth’s precious biodiversity for future 
generations.

Gloeandromyces, which Dr Haelewaters discovered on a bat fly in 
Panama. Scale bar = 0.1 mm.
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Illustration by Valentina Ferro, showing Dr Haelewaters as “a 
real-life Indiana Jones that studies forgotten fungi instead of lost 

archaeological treasures”.

Dr Danny Haelewaters started off his career with an interest in 
animal science, and achieved a Bachelor’s degree in Veterinary 
Medicine from the University of Antwerp in 2004. After the 
realisation that he did not want to work in a hospital setting, 
he discovered mycology, the study of fungi, and achieved a 
BSc and MSc in Biology at Ghent University. This was followed 
by a PhD in Organismic and Evolutionary Biology at Harvard 
University. He spent two years at Purdue University, where 
he was employed as a postdoctoral research assistant on a 
project to characterise the fungal microbial community of 
romaine lettuce. Dr Haelewaters is currently back at his alma 
mater, Ghent University, as a junior postdoctoral fellow. He is 
also currently a researcher at the University of South Bohemia 
and the Biology Centre of the Czech Academy of Sciences, 
both in České Budějovice, and holds an associate researcher 
position at the Universidad Autónoma de Chiriquí in Panama. 
Given his interdisciplinary background, it is no surprise that 
Dr Haelewaters has diverse research interests. Much of his 
work involves clarifying the evolutionary relationships of 
Laboulbeniales, an order of fungi that parasitise insects 
and other arthropods. However, he is also fascinated by the 
ecological implications of the interactions that these fungi 
have with their hosts. Finally, Dr Haelewaters is passionate 
about expanding our knowledge of fungal diversity and has 
pioneered fungal surveys in understudied habitats. Along with 
his research interests, Dr Haelewaters is enthusiastic about 
science communication and mentoring the next generation of 
scientists. 

CONTACT

E: danny.haelewaters@gmail.com  
W: www.dannyhaelewaters.com
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Oldřich Nedvěd, University of South Bohemia
Rachel A. Page, Smithsonian Tropical Research Institute 
C. Alisha Quandt, University of Colorado, Boulder
Rosa V. Villarreal Saucedo, Universidad Autónoma de Chiriquí
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National Science Foundation, USA
David Rockefeller Center for Latin American Studies at Harvard 
University, USA
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