Fungal Ecology 83 (2026) 101533

Contents lists available at ScienceDirect

Fungal Ecology

ELSEVIER journal homepage: www.elsevier.com/locate/funeco

The state of mycology in Honduras

a,b,c,e,* a,

Danny Haelewaters , Libelje Mortier | Tina A. Hofmann ¢, Thomas E. Martin “",
Johan David Reyes-Chavez ¢, Evelin Y. Reyes-Mendez",

Stephanie Yelenia Rodriguez Ordonez ', Elia Martha Sarmiento Sanchez’,

Jeffery K. Stallman “*, Bryan Ortiz '

2 Biology Centre of the Czech Academy of Sciences, Institute of Entomology, Ceské Budéjovice, 370 05, Czechia

b Department of Zoology, Faculty of Science, University of South Bohemia, Ceské Budéjovice, 370 05, Czechia

¢ Operation Wallacea Ltd, Old Bolingbroke, Spilsby, Lincolnshire, PE23 4EX, UK

4 Department of Botany, Faculty of Science, University of South Bohemia, Ceské Budéjovice, 370 05, Czechia

€ Centro de Investigaciones Micologicas (CIMi), Herbario UCH, Universidad Auténoma de Chiriqui, Apartado Postal 0427, David, Panama
f Department of Biological Sciences, Simon Fraser University, Burnaby, BC, V5A 1S6, Canada

8 School of Biological, Earth and Environmental Sciences, University College Cork, Cork, T23 N73K, Ireland

1 Department of Biological Sciences, Louisiana State University, Baton Rouge, LA, 70803, USA

i Escuela de Biologia, Facultad de Ciencias, Universidad Nacional Autonoma de Honduras, Tegucigalpa, 11101, Honduras

I Department of Botany and Plant Pathology, Purdue University, West Lafayette, IN, 47907, USA

X Global Center for Species Survival, Indianapolis Zoo, Indianapolis, IN, 46222, USA

! Instituto de Investigaciones en Microbiologia, Facultad de Ciencias, Universidad Nacional Auténoma de Honduras, Tegucigalpa, 11101, Honduras

ARTICLE INFO ABSTRACT

Handling Editor: Jonathan Cazabonne Despite the ecological, economic, and medical importance of fungi, they remain understudied in tropical regions.
Honduras, situated within the Mesoamerican biodiversity hotspot, encompasses a wide range of ecosystems
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~74,000-83,000 species in the country, but currently <1400 species have been reported. Research in Honduras
is constrained by limited infrastructure, funding, and local experts. Although mycological studies have been
conducted in the country for decades, no examination of achievements and critical gaps exists. Here, we provide
an overview of historical and current mycological research in Honduras, identifying major knowledge gaps, as
well as logistical, institutional, and funding challenges that limit progress. Historical research has focused on
plant pathogens, animal-associated parasites and pathogens, endophytic fungi, lichenized fungi, macrofungal
diversity, and ethnomycology. Ongoing initiatives include medical mycology investigations of dermatophytes
and Candida species, a fungal biodiversity survey in Cusuco National Park, metabarcoding of fungi in agricultural
and natural soils, and an ethnomycology project in collaboration with the Lenca and Maya-Chorti Indigenous
peoples. We outline short-, mid-, and long-term priorities to advance Honduran mycology and justify future
research projects. The goal of this overview is to inform decision-makers and encourage the allocation of re-
sources to initiatives that promote the study of fungi in Honduras and other understudied tropical regions.
Expanding fungal research is essential for generating critical data to support global efforts to document, un-
derstand, and protect fungal diversity.

1. Introduction million fungal species exist, with only about 156,000 formally described
to date (Niskanen et al., 2023; Kirk, 2025). Therefore, barely 6% of

Roughly 20% of all eukaryotic species are fungi (Niskanen et al., estimated fungal diversity is currently described, limiting our ability to
2023). They represent the second-largest group of organisms, sur- determine which fungi may be threatened, monitor these species, and
passed only by insects (Purvis and Hector, 2000). It is estimated that 2.5 develop effective conservation strategies to protect them (Cazabonne
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etal., 2022; Stallman and Robinson, 2022). While recent years have seen
an increased interest in fungal taxonomy and conservation on local and
national levels (e.g., Mueller et al., 2022; Simijaca et al., 2022), the
global picture remains one of heavy data deficiency, with <1% of
described species having a global conservation assessment on the [UCN
Red List of Threatened Species (IUCN, 2025).

The lack of available data on global fungi communities is particularly
important given the utilitarian value these organisms possess
(Haelewaters et al., 2026). Fungi play crucial roles in ecosystem regu-
lation, acting as saprotrophs (or ‘recyclers’ of the natural environment),
mutualists, and parasites and pathogens (or ‘regulators’). Whether
acting alone or interacting with other organisms, they provide essential
functions that sustain and strengthen terrestrial and aquatic ecosystems
(Grossart et al., 2019; Corbu et al., 2023; Niskanen et al., 2023). They
are also a valuable source of bioactive compounds, with applications in
medicine, agriculture, and industry (Sanchez and Demain, 2017; Corbu
etal., 2023). In addition to this utilitarian value, fungi include numerous
parasites and pathogens that affect humans, animals, plants, and even
other fungi (Puechmaille et al., 2010; Van Rooij et al., 2015; Bongomin
etal., 2017; Dita et al., 2018; Almeida et al., 2019; Bermtdez-Cova et al.,
2023). In humans, pathogenic fungi represent a major public health
concern, causing widespread disease and nearly 1.6 million deaths
annually (Almeida et al., 2019).

Despite their importance, the scientific study of fungi has historically
been limited (Hyde et al., 2024) and research has disproportionately
focused on temperate regions (Quandt and Haelewaters, 2021;
Haelewaters et al., 2024a). As such, tropical fungal diversity and func-
tion remain particularly understudied—or, in many cases, completely
unknown (Piepenbring et al., 2020; Haelewaters et al., 2021). Recently,
mycologists called for long-term tropical studies for fungi, to improve
our understanding of alpha diversity, ecological and functional di-
versity, biogeography, and conservation, as well as to support hypoth-
esis testing (Stallman et al., 2024a).

At the same time, tropical habitats face anthropogenic pressures such
as deforestation, agricultural expansion, rapid economic growth, ur-
banization, and climate change (Vamosi and Vamosi, 2008; Shi et al.,
2019). These factors degrade fungal habitats and hinder efforts to
characterize fungal communities in different ecological niches (Kewessa
et al., 2024). To help mitigate these pressures, global initiatives such as
the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES) and the International Union for Conserva-
tion of Nature (IUCN) have emphasized the importance of conserving
biological diversity (IUCN Species Survival Commission, 1994; Diaz
et al.,, 2015), although fungi are seldom explicitly mentioned. Chile
provides one example of a national policy that does recognize fungi
alongside flora and fauna in conservation—the first of its kind
(Republica de Chile, 2010).

Honduras, located in northern Central America, covers 112,777 km?
and has a population of over nine million (Instituto Nacional de
Estadistica de Honduras, 2023). It is highly ecologically diverse, being
recognized as part of the Mesoamerican biodiversity hotspot (Myers
et al., 2000). Fungi in tropical soils are often modeled to have higher
alpha diversity compared to soils in temperate or boreal regions,
although this can vary by the biome or the functional or phylogenetic
fungal group examined (e.g., Mikryukov et al., 2023; Niskanen et al.,
2023). These metabarcoding studies model high alpha diversity of
fungi in Honduras, but not a single sample from their data sources comes
from within the country. The lack of metabarcoded soil samples from
Honduras means less accuracy when researchers examine endemicity
(Tedersoo et al., 2022) or the protection of areas important for fungal
diversity (Van Nuland et al., 2025). It also adds challenges to model
fungal diversity in the region and explore global macroecological pat-
terns, such as latitudinal diversity gradients.

As in many countries, Honduras lacks a national Red List for fungi,
and fungal conservation is absent from national legislation. No national
initiatives currently promote the exploration or conservation of fungal
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diversity. To date, only 1365 species of fungi and fungus-like organisms
have been recorded from Honduras (Mortier et al., 2025), representing
only a fraction of the expected diversity. A lack of fungal expertise and
research funding further exacerbates these knowledge gaps, as does the
lack of capacity to support mycological collections. Without accessible
collections, documenting and increasing knowledge of Honduran fungal
diversity becomes difficult, reinforcing its poorly explored status and
limiting opportunities to gather data necessary for conservation.

Here, we outline the current state of mycology in Honduras, with the
goal of identifying areas that require urgent attention and guiding future
efforts to better understand and conserve Honduran fungal biodiversity.
We also seek to inform decision-makers and encourage the allocation of
resources to initiatives that promote the study of fungi in Central
America, more specifically in Honduras.

2. Previous fungal work in Honduras

Fungal research in Honduras has been limited and uneven (Mortier
et al., 2025). Most studies have traditionally concentrated on plant
pathogens, animal-associated parasites and pathogens, endophytic
fungi, lichenized fungi, and macrofungal diversity. Below we summarize
studies that presented data or collections from Honduras, whether as
stand-alone contributions or within broader regional and taxonomic
contexts. This review is not exhaustive of every study or fungal group.
Some important groups (e.g., arbuscular mycorrhizal fungi), particu-
larly those with few published studies, are not addressed here. Only a
limited number of student projects (e.g., Bachelor and Masters theses)
were included, as no Honduran institution currently provides easy ac-
cess to such works.

2.1. Plant pathogenic fungi

The earliest mycological studies in Honduras were strongly linked to
the banana and plantain industry, carried out particularly by scientists
associated with the United Fruit Company, many of whom worked at or
in connection with the Lancetilla Experimental Station in Tela, Atlan-
tida. Studies from the 1960s onward documented soil fungi, rhizosphere
communities, root lesions associated with nematodes, and pathogens
directly affecting banana plants (Goos and Timonin, 1962; Goos, 1963;
Stover, 1963; Pinochet and Stover, 1980). Investigations also extended
to Cercospora (Dothideomycetes, Mycosphaerellales) leaf spot in-
oculations (Goos and Tschirch, 1963) and post-harvest fungal diseases
(Greene and Goos, 1963). Robert H. Stover, who served as director at the
United Fruit company, was a central figure in Honduran plant pathol-
ogy, making long-term contributions to agriculture in the country
(Ploetz, 2003).

Fungal pathogen-focused research has continued in other major
crops through organizations supporting agriculturists and farmers in the
country. For example, the Fundacion Hondurena de Investigacion
Agricola (FHIA) reported on frosty pod rot disease of cacao, caused by
Moniliophthora roreri (Agaricomycetes, Agaricales), and diseases of
emerging crops such as rambutan and pulasan (Fundacion Hondurena
de Investigacion Agricola, 2012; Rossman et al., 2012). Similarly, the
Instituto Hondureno del Café (IHCAFE) addresses management of coffee
leaf rust, Hemileia vastatrix (Pucciniomycetes, Pucciniales), and suscep-
tibility of coffee varieties to this disease (Morales and Grajeda, 2021;
Reyes-Robles et al., 2022). Recent fungal biodiversity studies have
expanded to forest pathogens, with two species of Lecanosticta (Dothi-
deomycetes, Mycosphaerellales), causal agents of brown spot needle
blight, that were described from Honduran pines (van der Nest et al.,
2019).

The causal agent of resinous canker in conifers, particularly the
Central American-native Pinus oocarpa, Fusarium circinatum (Sordar-
iomycetes, Hypocreales), was recently confirmed to be present in three
departments of Honduras (Ortiz et al., 2024a). This pathogen is
considered of quarantine importance in many countries (Vettraino et al.,
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2018). The detection of F. circinatum poses a potential threat to biodi-
versity, affecting the stability of forest ecosystems in Honduras, partic-
ularly pine forests that constitute a key component of the country's
forested landscapes. It also highlights the role of climate change, inter-
national trade, and globalization, in the introduction and establishment
of new forest pathogens. These findings underscore the importance of
promoting comprehensive initiatives focused on the study of fungi from
multiple perspectives, including surveillance, ecological research, and
forest health management.

2.2. Parasites and pathogens associated with animals, including humans

Chytridiomycosis caused by Batrachochytrium dendrobatidis (Chy-
tridiomycota, Rhizophydiomycetes) has had a significant impact on
Honduran amphibians. The pathogen was first confirmed in Pico Bonito
National Park in 2003 (Puschendorf et al., 2006) and later shown to
have been present in Cusuco National Park as early as 1996 (Kolby and
Padgett-Flohr, 2009). Subsequent work in Cusuco demonstrated that
indirect transmission as an aerosol in rainwater (Kolby et al., 2015a) or
via leaf perches (Kolby et al., 2015b) may facilitate infections. With
regard to arthropod-associated fungi, eleven species in the genera
Hypocrella, Moelleriella, Ophiocordyceps, and Samuelsia (Sordar-
iomycetes, Hypocreales) have been reported from Honduras to date
(Evans, 1982; Chaverri et al., 2008; Evans et al., 2018; De Wint et al.,
2024). Recently, a new species of Laboulbeniales, Gloeandromyces
cusucoensis, was described from ectoparasitic bat flies (Van Caenegem
et al., 2023).

Medical mycology in humans is an emerging field in Honduras, with
research efforts to date largely concentrated on clinical descriptions and
foundational epidemiological studies. Early work has documented new
Candida species (Saccharomycotina, Pichiomycetes) from clinical sam-
ples (Fontecha et al., 2019), assessed cost-effective diagnostic methods
(Montes et al., 2019), and reported the first three species causing
mucormycosis in Honduras (Ortiz et al., 2022c). Most published papers
have focused on Candida yeasts, reflecting their major clinical
importance—describing post-pandemic shifts in species associated with
hospital-acquired infections (Ortiz et al., 2022a) and characterizing the
epidemiology of candidemia in major tertiary-care hospitals (Chavez,
2024; Chavez et al.,, 2025). At the Instituto de Investigaciones en
Microbiologia, several undergraduate theses focused on potential
treatments for dermal and vaginal candidiasis and possibilities to stan-
dardize molecular techniques for identifying dermatophyte species and
genotypes responsible for lesions of the skin (Elvir Suazo, 2025; Villeda
Barahona, 2025). Collectively, these studies highlight both the country's
mycological diversity and the urgent need for modern molecular tools,
such as DNA sequencing and mass spectrometry, to strengthen fungal
pathogen surveillance.

Beyond pathogen documentation, recent work has begun to quantify
the population-level impacts of fungal diseases in Honduras. Severe
fungal infections are estimated to affect approximately 179,624 in-
dividuals annually, with opportunistic infections among people living
with HIV representing 1.3% of cases (Higuita et al., 2022). Endemic
mycoses such as histoplasmosis and cryptococcosis, together with
aspergillosis and other invasive infections, show particularly high inci-
dence rates. Although these estimates are subject to uncertainty because
of limited surveillance data, they consistently indicate that fungal dis-
eases represent a significant yet underrecognized public health problem,
affecting an estimated 1.8% of the Honduran population.

A major factor contributing to the gap between estimated disease
burden and reported cases is the limited national capacity for diagnosis
and management of invasive fungal infections. Available evidence in-
dicates heavy reliance on conventional microscopy and culture-based
methods, heterogeneous diagnostic practices across institutions, and
minimal access to advanced tools such as antigen detection assays,
molecular diagnostics, and antifungal susceptibility testing (Ortiz et al.,
2024b). Therapeutic capacity is likewise restricted, with access to
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antifungal agents often limited to fluconazole. Together, these con-
straints highlight the need to strengthen diagnostic infrastructure,
expand access to essential antifungal therapies, and integrate medical
mycology into public health and research agendas. Addressing these
challenges will be critical to improve patient outcomes in Honduras and
to advance fungal disease surveillance in other low- and middle-income
countries with similar contexts.

2.3. Endophytes

A few studies have explored endophytic fungal communities in
Honduras. Herrera et al. (2013) showed that grass roots from the island
of Cayo Cochino Menor harbor a distinctive community, with only two
of 37 operational taxonomic units (OTUs) matching similar datasets
from the mainland. While widespread grass-associated genera including
Monosporascus (Sordariomycetes, Xylariales), Paraphaeosphaeria, and
Periconia (Dothideomycetes, Pleosporales) were present on the island,
DNA sequences had low similarity with any species found in grasses on
the mainland. A study in eastern Honduras identified 14 endophyte
species from Pinus oocarpa needles, including multiple species in genera
that are known as pine pathogens, posing a potential threat for forest
health (Ortiz et al., 2022b). Research in Celaque National Park revealed
that fern and lycophyte roots host a high diversity of mycorrhizal fungi
and dark septate endophytes, and documented the mycorrhizal status of
27 species for the first time (Zubek et al., 2010).

2.4. Lichenized fungi

Little information has been published on lichens in Honduras. Only
33 lichen species were reported from Honduras in Imshaug's (1956)
“Catalogue of Central American lichens”, compared to 635 in Central
America and 977 in Mexico. Since the publication of this catalogue, only
six papers have included lichenized fungal records (Reznick &
Weberling, 1963; Hale, 1975, 1979; Brako, 1991; Matzer, 1996;
Magain et al., 2023). The Cyril Hardy Nelson Sutherland Herbarium at
the Universidad Nacional Auténoma de Honduras, Tegucigalpa (TEFH)
is the only herbarium in Honduras currently housing a lichen collection;
approximately 286 specimens were deposited through student projects,
as well as by visiting professors and international researchers (Nelson
Sutherland and Sandoval Gonzalez, 2018). In the checklist of fungi
from Honduras, 76 species of lichenized fungi were recorded (Mortier
et al., 2025), yet the Consortium of Lichen Herbaria (https://lichenp
ortal/org) was not included and holds 3560 lichen occurrences in
Honduras representing 445 species, mainly collected by Paul C. Standley
and Bruce Allen.

2.5. Macrofungal diversity and ethnomycology

Taxonomic knowledge of Honduran macrofungi remains fragmented
and fungal collections are scarce and mostly opportunistic in nature.
Most records originate from student-led projects, regional or taxonomic
studies that incidentally include Honduran collections, or ethno-
mycological surveys aimed at identifying locally used species. As a
result, country-level inventories are rare, and Honduras is often under-
represented in comparative studies of fungal diversity in tropical
America. For example, Del Olmo-Ruiz et al. (2017) reported only 12
fungal records from Honduran cloud forests, compared with 2289 from
Mexico and 1540 from Costa Rica. A similar pattern is seen for edible
fungi, with 18 species reported from Honduras (Sarmiento and
Fontecha, 2013; Marineros et al., 2015; Vega and Marineros-Sanchez,
2019) compared with 83 in Guatemala (Morales et al., 2010) and
>300 in Mexico (Boa, 2005; Burrola-Aguilar et al., 2012; Jiménez Ruiz
et al., 2013).

Despite this paucity of records, focused studies suggest that Hon-
duran macrofungi have high species richness. Surveys conducted in the
Uyuca biological reserve (1800 m a.s.l.) documented 105 fungi (Moran
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Duran and Sarmiento Sanchez, 2005). More recently, two new species
were formally described from Cusuco National Park (Haelewaters et al.,
2020; Stallman et al., 2024b). Molecular studies have further high-
lighted potentially undescribed diversity in Cusuco: Haelewaters et al.
(2021) found that 10 of 17 internal transcribed spacer (ITS) sequences
lacked close matches (>98.5%) in NCBI GenBank. Data from two
additional years of sampling showed 324 OTUs from 466 collections
lacked a match above 99% pairwise similarity, and 57 above 90%
pairwise similarity with sequences in UNITE (Stallman, 2024). These
data suggest that undescribed species or higher-rank taxa not repre-
sented in public sequence databases are common, at least in Honduran
cloud forests. Finally, although primarily focused on Costa Rica, Tulloss
et al. (2011) described three new Amanita species of which two also
occur in Honduras based on collections from La Tigra National Park.

Species of Amanita sect. Caesarea, locally known as choros, choras, or
chor, are widely collected and sold in markets, but other species in the
genus have been implicated in at least two fatal poisonings (Castillo
Godoy et al., 2019). Most ethnomycological studies have focused on
western Honduras, particularly the department of Intibuca, where
annual mushroom festivals are held in Cabanas and La Esperanza. Some
studies have also included data from other departments: Comayagua,
Copan, La Paz, Lempira, and Santa Barbara (Sarmiento and Fontecha,
2013; Marineros et al., 2015; Vega and Marineros-Sanchez, 2019). In-
terviews in Intibucd and La Paz indicate that mushroom collection is
largely for household consumption (92%), with limited commerciali-
zation (8%), and that fungi are valued primarily for their nutritional
benefits (Sarmiento and Fontecha, 2013). Long-term work with Lenca
and Maya-Chorti communities documented more than 50 vernacular
names for edible fungi and numerous additional taxa that could not be
taxonomically identified (Marineros et al., 2015).

3. Limitations for research development

Although research opportunities for mycologists in tropical regions
are highly promising, progress remains challenging (Piepenbring et al.,
2018, 2020). Similar to fieldwork in other locations, challenges include
dense vegetation, difficult or inaccessible terrain, poor weather condi-
tions, venomous animals, and navigating social dynamics and regulatory
barriers to safely access field sites. These challenges are often amplified
in tropical settings where less infrastructure exists to support fieldwork.
For example, fewer field research centers equipped with electricity and
research infrastructure, together with higher temperatures and humid-
ity, hinder the preservation and transport of collected samples.
Together, these conditions generate sampling biases that favor areas
closer to research institutions and main roads (Daru et al., 2018; Mortier
et al., 2025).

If fieldwork leads to fungal collections in Honduras, options for
preserving these in country are currently inexistent. Of the four opera-
tional herbaria in Honduras, only TEFH holds fungi. However, this
collection is limited to just 297 fungal specimens, with an additional 238
specimens that are in need of being formally incorporated into the
collection but have not been due to the lack of a curator. No public
herbaria in Honduras currently have the capacity to accept new fungal
collections. As a result, collections made by both local and foreign re-
searchers are more likely to be transported out of the country. Addi-
tionally, researchers and institutes have limited access to state-of-the-art
equipment, which continues to hamper DNA-based identification of
collections and the application of next-generation sequencing ap-
proaches to environmental DNA (eDNA).

As mycology in Honduras is still in a pioneering phase, early-career
mycologists may be overwhelmed by the country's immense fungal di-
versity, compounded by the lack of monographs with identification keys
and limited access to type specimens (Piepenbring et al., 2018).
Currently, no field guides for macrofungi or microfungi of Honduras
exist. Field guides from neighboring countries such as Belize (Gray,
2018) can be used, but the likelihood that a given species is included
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remains low. The recently published fungal checklist (Mortier et al.,
2025) serves as a guideline but is incomplete and lacks local names.
Additionally, many species are likely to be new to science. Together,
these limitations make the identification of collections increasingly
difficult.

In the academic context, undergraduate courses on macrofungi and
medical mycology are offered at the Universidad Nacional Auténoma de
Honduras (UNAH), as well as graduate-level courses that have units on
medical mycology and ethnomycology. However, no graduate programs
in Honduras offer specialization in mycology. Additionally, we are not
aware of any mycological societies or informal groups in which myco-
logical knowledge is shared outside university settings. This contributes
to a shortage of local expertise and a disconnect among Honduran
mycologists.

Mycological research from Honduras has had limited representation
at conferences, congresses, and workshops. Honduran research was
presented at the XI Latin American Congress of Mycology, held in Pan-
ama in 2023. Talks were given on four topics; a fungal monitoring
project in Cusuco National Park, genotyping of Cryptococcus isolates,
diagnostic methods for Cryptococcus detection, and molecular identifi-
cation of Candida species. We are not aware of any participation from
Honduras in meetings of the Grupo Latinoamericano de Liquenélogos
(GLAL), highlighting the ongoing challenge of visibility of Honduran
mycology.

4. Institutional and policy context for fungal research in
Honduras

At both governmental and state levels in Honduras, initiatives spe-
cifically aimed at the study and conservation of fungal biodiversity
remain scarce. Fungal research is not recognized as a priority within
national research programs or public funding schemes (DiBio, 2017). To
the best of our knowledge, there are no active grants provided by the
state to support mycological research. One example of a previous grant
scheme to which scientific projects could be submitted was the Fondo de
Ciencia Catracha, which was exclusively dedicated to applied science
and only lasted from 2024 to 2025. These conditions limit research
opportunities, as they mean that fungal-oriented projects are reliant on
external funding sources.

Although a first country-level checklist was recently published
(Mortier et al., 2025), there is lack of integration in biodiversity reports
and management tools. An example of this lack of integration can be
seen among the Honduran protected area management plans made
available through the Forestry Conservation Institute (ICF) — recognized
as core tools for biodiversity conservation at local scales. Only five out of
57 management plans explicitly mention the presence of fungal species
as part of the protected area biological diversity (ICF, 2012a, 2012c,
2013c, 2015, 2016a). A notable exception is observed in the manage-
ment plan for La Tigra National Park, as it includes fungi as part of its
research priorities (ICF, 2013a). In contrast, most conservation tools
mainly reference fungal diversity in the context of ecosystem services (e.
g., edible fungi as a functional group) or as a direct threat to human
health, agricultural crops, and other organismal groups (ICF, 2012c,
2013b, 2016a, 2016b; Portillo et al., 2013).

In a broader institutional context, fungi are addressed indirectly by
other management instruments. For example, the “National Plan for
Protection Against Forest Pests and Diseases” outlines management ac-
tivities and procedures for the detection, monitoring, and control of
pests and forest diseases caused by biotic agents, including phytopath-
ogenic fungi (ICF, 2023). However, these actions are primarily framed
within a phytosanitary and forest management perspective, rather than
an integrated approach to fungal biodiversity or conservation. This ac-
centuates the need for incorporating fungal diversity not only as a po-
tential threat, but as an integral component of the country's biodiversity.

Improving fungal research in Honduras requires addressing policy-
related bottlenecks. For example, the primary instrument governing
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biodiversity research permits, the Manual of Technical-Administrative
Norms for the Management and Sustainable Use of Wildlife (Agreement No.
045-2011) outlines the procedural steps for obtaining research autho-
rizations (ICF, 2012b). However, technical reports on submitted
research proposals are evaluated by regional ICF offices with jurisdiction
over the localities where research is to be conducted, a mandatory in-
termediate step in the approval process that might cause delays in
eventual approval (M. Martinez, pers. comm.). Although government
regulations stipulate a 60-day window for government permit approval
resolutions (Poder Judicial de Honduras, 1987), in practice this timeline
is subject to considerable variability due to both institutional and
external factors, with frequent delays of up to one year (M. Martinez,
pers. comm.).

Key impediments to timely permit approval include: (a) insufficient
technical and administrative capacity within specific regional offices,
particularly given that the majority of ICF personnel have backgrounds
in forestry rather than biodiversity; (b) interpersonal conflicts among
researchers, regional officers, and ICF central office staff; (c) the sys-
tematic de-prioritization of research proposals relative to economically
significant permits, such as those for timber extraction and non-timber
forest products; and (d) limited political will at the regional and cen-
tral institutional level, often attributed to electoral cycles or changes in
government personnel. While internal procedures are being put in place
to simplify regional administrative hurdles, with a 15-day deadline for
regional offices to produce technical reports (M. Marinez, pers. comm.),
other problems can arise from systematic hurdles related to permits. For
example, corrections required at any stage of the process must be sub-
mitted by a legal counsel within a 10-day window; failure to comply
results in the closure of the file and the obligation to resubmit (M.
Marinez, pers. comm.). Considering the limited mycological expertise in
the country, this means that applying for permits from abroad demands
precise coordination among foreign applicants, local collaborators, and
legal professionals.

5. Expected number of fungal species in Honduras

Multiyear biodiversity monitoring in Cusuco National Park (Martin
et al.,, 2021) offers a useful framework for estimating the fungal di-
versity in Honduras. Applying a 9.8:1 ratio of fungi to vascular plants
(Hawksworth and Liicking, 2017), the park's 913 documented plant
species (Martin et al., 2021) would correspond to a rough estimate of
8947 fungal species. A more conservative ratio for tropical areas of 3.5:1
(Niskanen et al., 2023) leads to an estimate of 3196 fungi. Extrapolating
this relationship to the national scale suggests that, depending on the
ratio used, Honduras could harbor between 26,334 and 82,712 fungal
species.

These estimates are based on published annotated accounts of
vascular plant diversity, which ranges from 7524 (McCranie et al., 2018)
to 8440 species (Reyes-Chavez et al., 2021). These estimates are
consistent with the only previous national-scale estimate of fungal di-
versity for Honduras (Ruan-Soto and Ordaz-Velazquez, 2015). To refine
these estimates, we need an accurate number of vascular plant species,
and to assess their distribution across administrative departments, bio-
logical corridors, and protected areas. Although more recent studies
increasingly use other approaches, such as metabarcoding, the current
availability of such data for Honduras likely remains insufficient to
support an estimate that could be remotely accurate.

Current estimates of fungal richness are in sharp contrast to the
number of species actually documented in Honduras. The recently
published checklist of fungi and fungus-like organisms from Honduras
reports only 1365 species (Mortier et al., 2025), representing a small
fraction of the diversity predicted by plant—fungus ratios. This disparity
underscores both the early stage of mycological research in the country
and the tremendous opportunity for fungal discoveries. This gap be-
tween estimated and recorded fungal diversity, i.e., the Linnean shortfall
(Hortal et al., 2015), also limits the integration of fungi into
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conservation management, as species distributions, ecological associa-
tions, and extinction risks remain largely unknown. With vast areas of
Honduras still undersampled for fungi, systematic inventories, targeted
field surveys, and integrative studies are needed to close the Linnean
shortfall (Cazabonne et al., 2022).

6. Current projects in Honduras

Ongoing research in Honduras spans medical mycology, fungal
biodiversity, traditional knowledge, and ecology. The Institute for
Microbiology Research at UNAH is investigating the genetic diversity of
dermatophytes and Candida species associated with invasive fungal in-
fections. Medical implications of fungi remain a critical concern
worldwide as over one billion people suffer from severe fungal diseases
(e.g., aspergillosis, coccidioidomycosis, cryptococcal meningitis) and
fungal infections cause up to an estimated 1.6 million deaths annually
(Brown et al., 2012; Almeida et al., 2019).

Fungal diversity is being explored in Cusuco National Park (depart-
ment of Cortés) through a collaboration led by D. Haelewaters and his
team with logistical support from Operation Wallacea (Fig. 1). Between
2019 and 2024, approximately 1400 fungal specimens were collected, of
which 466 have been barcoded to date. Preliminary results have
revealed several species new to science. Four of those were formally
described—Ascocoryne neoinflata, Chlorosplenium cusucoense, Gloean-
dromyces cusucoensis, and Trechispora hondurensis—and at least six
others are in preparation (Haelewaters et al., 2020; Van Caenegem et al.,
2023; Stallman et al., 2024b; Stallman et al., 2026; L. Mortier and D.
Haelewaters, unpubl. data). These studies provide the first insights into
the rich and largely undocumented fungal diversity of Honduran cloud
forests and will lead to an improved understanding of how fungal di-
versity and distribution change over time.

Ethnomycological research in western Honduras focuses on the
Lenca and Maya-Chorti Indigenous peoples, who have maintained a rich
mycophilic tradition since pre-Hispanic times. This project aims to
document local knowledge of edible and medicinal macrofungi,
including species such as Amanita caesarea (locally known as “choro
sol”), Cantharellus cibarius (“matambrero™), and Lactarius indigo (“che-
queque”), which are among the 18 edible species in Honduras
(Sarmiento and Fontecha, 2013; Marineros et al., 2015; Vega and
Marineros-Sanchez, 2019). Research in these communities integrates
traditional knowledge with ecological surveys, morphological identifi-
cation, and molecular techniques to describe the richness and abun-
dance of macrofungi. This approach also highlights the importance of
fungal conservation in pine-oak forest corridors threatened by defor-
estation, fires, urban expansion, and unsustainable harvesting practices.

An ecological project is ongoing in Danli and Tegucigalpa proposing
lichens as bioindicators of atmospheric pollution (Valladares et al.,
2019). As part of this initiative, collected specimens were deposited in
TEFH, thereby contributing to the strengthening and growth of the
collection.

Finally, soil fungal diversity is being assessed across four regions of
Honduras: Catacamas (Olancho), Danli (El Paraiso), La Esperanza
(Intibucd), and Tegucigalpa (Francisco Morazan). This project is funded
through the Society for the Protection of Underground Networks
(SPUN), an NGO founded to map mycorrhizal fungal communities (Van
Nuland et al., 2025). Soil samples are collected from organic farms,
conventional farms, and natural areas to examine how fungal commu-
nities vary across land-use types and respond to environmental gradi-
ents. Using ITS and small subunit (SSU) ribosomal RNA (rRNA)
metabarcoding on an Illumina MiSeq platform, this project characterizes
both alpha- and beta-diversity across tropical rainforests, mountainous
terrains, grasslands, and urban landscapes, providing baseline data for
conservation, land management, and sustainable agriculture.
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Fig. 1. Overview of fungal species new to science, discovered in Cusuco National Park, northwestern Honduras, where a fungal monitoring project is ongoing since
2019. A. Lactifluus sp. B. Chlorosplenium cusucoense. C. Chlorociboria sp. 1. D. Deconica sp. E. Trechispora hondurensis. F. Gloeandromyces cusucoensis (bar = 50 pm). G.

Calostoma sp. H. Chlorociboria sp. 2.

7. A roadmap to advance fungal conservation in Honduras

Although mycology in Honduras has advanced in recent years, the
field remains underdeveloped relative to its potential. Historically,
mycological research has focused on small spatial and temporal scales

and a limited number of taxonomic groups. The only widely recognized
public event centered on fungi is the annual cultural and gastronomic
Festival Nacional del Choroy el Vino, which traditionally focuses on edible
mushrooms, particularly choros (A. sect. Caesarea). Recently, this event
facilitated community-based educational activities, such as Fungi

Table 1
Proposed actions to advance fungal research and conservation in Honduras.
Short-term Mid-term Long-term
e Educate e Create a national mycological society e Secure financial support
e Raise public awareness e Analyze existing data o Engage in equal partnerships and international
e Build capacity e Engage citizen scientists collaborations
e Promote sustainable management of local resources e Perform Red List assessments for prioritization e Implement global monitoring protocols
o Continue field research and expand efforts to new localities e Understand biotic and abiotic interactions e Establish a national fungarium

Establish a national culture collection
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Table 2
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Overview of different stakeholders and the roles that they could play in advancing fungal research and conservation in Honduras.

Stakeholders

Potential roles

Expected outputs

Academic and research institutions
(universities, research institutes, herbaria,
teaching hospitals)

Generation of scientific knowledge (taxonomy, ecology,
medical mycology); training of human resources
(undergraduate, graduate, and technical levels); development
of research infrastructure (national fungarium, standardized
protocols, databases); science-policy interface

Species inventories and descriptions; DNA sequence data and
curated databases; reference collections and voucher specimens;
trained students and technicians; technical reports informing
policy and management

Government and public sector (ICF, IHCIETI,
SESAL, SENACIT, environmental and health
authorities, protected area managers)

Development of regulatory and policy frameworks recognizing
fungi; provision of sustained and competitive funding; applied
management (forest health, protected areas); strengthening of
diagnostic capacity and access to antifungal treatments

National policies and plans including fungi; targeted funding
schemes; surveillance and management programs for forest and
clinical mycoses; improved diagnostic pathways and treatment
availability

International collaborators (universities,
research networks, scientific NGOs)

Capacity and technology transfer; equitable co-production of
knowledge with local leadership; support for IUCN Red List,
KBA, and AZE processes; facilitation of access to international
funding and networks

Training and mentoring programs; joint projects and
publications led by Honduran researchers; Red List assessments;
integration of Honduran data into global monitoring initiatives

Citizen science and local communities
(Indigenous peoples, traditional collectors,

Generation of occurrence and phenological data; community-
based conservation practices; transmission and documentation

Georeferenced occurrence records; phenological calendars;
documentation of ethnomycological knowledge; educational

students, local NGOs)
and emerging pathogens

of traditional knowledge; early detection of invasive species

activities; community-based monitoring and alerts

Applied and productive sectors (agriculture,
forestry, coffee and cacao institutes,
healthcare sector)

applied studies

Surveillance and management of fungal pathogens;
implementation of applied research outcomes; feedback on
real-world risks and priorities; support for translational and

Integrated disease management strategies; phytosanitary alerts;
applied trials; risk assessments; improved clinical and
agricultural responses

Professional associations (national
mycological society, thematic networks)

and collection platforms; advocacy and long-term continuity

National coordination of mycological activities;
methodological standardization; development of shared data

Established national mycological society; standardized field and
laboratory protocols; shared repositories and collections;
coordinated national research and conservation agenda

Abbreviations used: AZE, Alliance for Zero Extinction; ICF, Instituto de Conservacion Forestal; IHCIETI, Instituto Hondureno de Ciencia, Tecnologia e Innovacion;
IUCN, International Union for Conservation of Nature; KBA, Key Biodiversity Area; NGOs, non-governmental organizations; SENACIT, Secretaria de Estado en los
Despachos de Ciencia, Tecnologia e Innovacion; SESAL, Secretaria de Salud de Honduras.

Encuentro, which combined guided field observations, discussions of
traditional knowledge, and sustainable harvesting practices, illustrating
the potential of informal forums to foster fungal education and
engagement.

Drawing inspiration from roadmaps proposed elsewhere (e.g.,
Harvey et al., 2020; Soares et al., 2023) and successful regional exam-
ples such as in Panama, we outline a number of priorities to advance
fungal research and conservation in Honduras (Table 1). In the short
term, education, public awareness, and capacity building are essential.
This includes integrating fungal biology into primary and secondary
education, expanding undergraduate- and graduate-level mycology
courses, establishing local mycology groups, and promoting the sus-
tainable use of local fungal resources. In conjunction, fieldwork is
imperative to continue collecting data from localities where projects
already exist and to start collecting specimens in new, unexplored
regions.

In the mid-term future, research efforts should expand beyond
taxonomic inventories to include ecological analyses of how fungal
communities interact within ecosystems. Priorities include assessing
habitat use by specific fungal taxa, evaluating the impacts of defores-
tation and climate change, and analyzing existing datasets to identify
patterns of diversity and endemism. Citizen science initiatives can play
an important role in these efforts by generating large amounts of data
across broad spatial and temporal scales (Haelewaters et al., 2024b).
IUCN Red List of Threatened Species (Red List) assessments could help
identify priority species and areas for conservation planning. The lack of
data on Honduran fungi may result in mostly data deficient assessments,
showing the need to focus more on fungi in national research and con-
servation agendas. In addition, although Lactarius scrobiculatus, Lacti-
fluus volemus, Russula parvovirescens, and R. sanguinea (Agaricomycetes,
Russulales) are globally classified as LC, they have only been reported
from a single location in Honduras, so their local status remains un-
known. Finally, establishing a nationwide mycological society would
help coordinate research efforts, standardize methodologies both in the
field and the lab, foster collaboration among institutions, and advocate
for the inclusion of fungi in national conservation agendas.

Long-term priorities should focus on institutionalization and sus-
tainability. Establishing a national fungarium is a critical step for pre-
serving voucher specimens, enabling taxonomic verification, and
supporting long-term biodiversity monitoring. Such a biological
research infrastructure could also house a national culture collection,
preserving living fungal strains for research on, for example, natural
products. In parallel, strategic partnerships among Honduran univer-
sities, governmental agencies, local NGOs, and international research
institutions can help build taxonomic expertise, secure financial support,
and integrate Honduras into global fungal monitoring networks and
projects incorporating standard protocols (e.g., SPUN). Together, these
efforts would position Honduras to participate in international funding
mechanisms, collaborative research programs, and regional-to global-
scale conservation initiatives.

Our roadmap with priorities at different timescales identifies key
stakeholders whose coordinated involvement is essential for advancing
mycology in Honduras. These include academic and research in-
stitutions, governmental and public agencies, international partners,
citizen scientists and local communities, the applied and productive
sector, and professional associations. Table 2 summarizes the roles of
each stakeholder group, together with their expected contributions. This
framework is intended to structure more coherent fungal research and
conservation efforts, facilitate coordination among different sectors, and
promote sustained progress over time.

8. Concluding remarks

Strengthening mycological research in Honduras is crucial to collate
sufficient data needed to guide conservation efforts and policy recom-
mendations. Despite their ecological importance, fungi remain severely
underrepresented in global Red List assessments, area-based conserva-
tion schemes, and funding allocation. As of 27 April 2026, 1302 fungal
species have been assessed for the Red List, of which 411 are considered
threatened (Vulnerable, Endangered, and Critically Endangered). Only
38 assessed species occur in Honduras (IUCN, 2025; Mortier et al.,
2025), including 23 species listed in the Honduran checklist and an
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additional 15 species with IUCN distribution maps that include
Honduras but are not mentioned in the checklist (Table S1). All of these
species also occur outside the country, and 35 (92%) are assessed as
Least Concern. Two species are assessed as Vulnerable, i.e., Amanita
fuligineodisca (Agaricomycetes, Agaricales) and Mycobonia brunneoleuca
(Agaricomycetes: Polyporales), while a single species, Lentinus concavus
(Agaricomycetes, Polyporales)), is assessed as Near Threatened.

To date, fungi have been overlooked in the designation of Key
Biodiversity Areas (KBA) or Alliance for Zero Extinction (AZE) sites
(IUCN, 2016). Honduras is currently host to 31 KBAs, but only one KBA
designation globally (Ivindo National Park, Gabon) has been supported
by the inclusion of a fungus. This underrepresentation of fungi in global
conservation schemes could, in part, be due to funding biases; between
1992 and 2016, vertebrates received over 80% of conservation funding
and projects globally, whereas fungi accounted for <0.5% (Guénard
et al., 2025).

The need to incorporate fungi into conservation action frameworks is
urgent in Honduras, where habitat loss and the effects of climate change
are accelerating. Even in protected areas, deforestation and land con-
version continue at alarming rates. For example, Cusuco National Park
lost over 7% of its forested area between 2000 and 2017 (Martin et al.,
2021), and at least 20% of the core zone of Jeannette Kawas National
Park has been lost to oil palm expansion (DiBio, 2017). Tropical forests,
including Honduran cloud forests, are recognized as global priorities for
fungal conservation (Tedersoo et al., 2022). Performing Red List as-
sessments of Honduran and Central American fungal species could
strengthen conservation planning for national parks, identify priority
areas for protection, and help protect these areas from destructive
practices. International frameworks such as Key Biodiversity Areas,
Alliance for Zero Extinction sites, and the Kunming-Montreal Global
Biodiversity Framework provide powerful tools to translate fungal data
into actionable conservation outcomes (Haelewaters et al., 2024b;
Plumptre et al., 2024).

However, each of these tools and frameworks, in order to be effec-
tive, require a solid working knowledge of the diversity and distribu-
tions within the Honduran fungi. Facilitating the collection of such data
via the avenues described above — particularly through education and
capacity building — therefore represents the key foundational task with
respect to safeguarding the long-term future of fungal species in this
highly biodiverse country.
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