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Summary  16 

Because knowledge of fungal diversity is very incomplete, it is possible that anthropogenic 17 

impacts are driving species to extinction before they have been discovered. Fungal inventories 18 

are still incomplete and do not reflect the complete diversity of this large taxon. Whilst 19 

molecular advancements are leading to an increased rate of species discovery, there is still 20 

much to be done to understand the diversity of fungi, identify rare species and establish 21 

conservation goals. Citizen science via social media could play an increasingly important role 22 

in mycological research, and its continued development should be supported and encouraged. 23 

The involvement of non-professionals in data collection helps increase public awareness, as 24 

well as extending the scope and efficiency of fungal surveys. Future academic mycological 25 

research could benefit from social media interaction and engagement with the amateur 26 

mycological community, and may accelerate the achievement of more effective conservation 27 

goals. 28 
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Introduction 34 

Debates as to the need for the conservation of fungi have been prompted by threats to 35 

biodiversity throughout the world.  Fungi are highly diverse and essential components of all 36 

ecosystems as symbiotic partners, predators and parasites, decomposers and nutrient cyclers, 37 

and sources of food for vertebrates and invertebrates (McMullan-Fisher et al. 2011). While the 38 

broad ecological importance of fungi justifies consideration of their conservation, discourse 39 

regarding biodiversity conservation has seemingly excluded fungi, with any consideration 40 

usually limited to the possible threats they pose to agriculture, food security and the 41 

conservation of other species (Field et al. 2020). Reasons proposed for this treatment pertain 42 

to the large and generally under-described diversity of the fungi, and a general indifference to 43 

their conservation (Grube et al. 2017): with conservation decisions at the species level driven 44 

more by the popularity and perceived ‘charm’ of an organism rather than from the rationale of 45 

their significance to the greater ecosystem. Additionally, the omission of fungi in conservation 46 

efforts has been attributed to the lack of relationship that humans have with the organisms, 47 

especially when compared to the biophilia displayed by humans with animals and plants 48 

(Moore et al. 2008). Furthermore, fungal species are responsible for spoilage of food, 49 

deterioration of building materials, and some represent threats to human health through their 50 

pathogenic and toxigenic activities (Arora & Shepard, 2008), potentially hindering 51 

conservation efforts through ‘mycophobia’ (Peintner et al. 2013).  52 

Fungal diseases have caused some of the most severe extinctions ever witnessed in wild 53 

species, and are jeopardizing food security (Fisher et al. 2012). For example, high-profile 54 

declines in wildlife have been caused by Geomyces destructans (Boyles et al. 2011, Frick et al. 55 

2010), increasing the probability of extinction for many species of North American bats. 56 

Additionally, the skin-infecting amphibian pathogen, Batrachochytrium dendrobatidis, is 57 

implicated in the greatest disease-driven loss of biodiversity ever documented, causing 58 



infections to over 500 species of amphibians in 54 countries (Byrne et al. 2016). Taken 59 

together, these recent events have exacerbated the rationale of fungi representing a threat to the 60 

biota, rather than as a target for conservation efforts. 61 

This review aims to describe the attention given to fungi in biodiversity conservation 62 

policy documents, management plans and formal conservation schedules throughout the world, 63 

describe the methods used to determine the diversity of fungi, detail the general lack of 64 

awareness of mycological species in the scientific community, and quantify the scarcity of 65 

mycology-associated curricula and the lack of mycologists in research institutions. This review 66 

then outlines a potential remediating strategy, by quantifying the growing community interest, 67 

and citizen science initiatives through social media or otherwise that contribute to the concept 68 

of community-based learning and could significantly contribute to mycology.  69 

 70 

Conservation Mycology 71 

The 1992 Rio Convention on Biological Diversity (CBD) played a significant role of driving 72 

dialogue in regards to the conservation of biological diversity, initiating discourse at a global 73 

political level (Panjabi 1993). This conservation initiative was presented in terms of ‘animals, 74 

plants and microorganisms’, with all microorganisms combined into an arbitrary third group 75 

based solely on organism size (Dahlberg and Mueller 2011). Several aspects of fungal biology 76 

and ecology lead to this group not fitting well into this grouping, and their consideration in 77 

global conservation planning has consequently largely been forsaken (Suryanarayanan et al. 78 

2015). The ‘right’ of fungi for their conservation has been established, but the convention has 79 

provided no policy or framework to enable it.  80 

Nevertheless, as information on fungal ecology expands, including detailed 81 

descriptions of population dynamics, their roles in ecosystem functioning, especially in relation 82 

to symbioses, interest in the ecological significance, if not the conservation of fungi, is 83 



growing. Although in a fledgling state, a community of fungal conservation advocates has 84 

emerged in recent decades (Davoodian 2015). These interested parties are promoting critical 85 

intellectual discourse on the matter, either though organizing conferences, or promoting the 86 

idea of incorporating fungi into conservation planning (Barron 2011). Though much of the 87 

groundwork remains to be conducted, these pioneering efforts are major steps towards a more 88 

comprehensive outline for fungal conservation and thus biodiversity and ecosystem 89 

conservation (Barron 2011). On a regional scale, national Red Lists started to emerge in the 90 

1980s, first being promoted in Germany  in  1982. Currently, more than 35 countries have some 91 

form of Red List that includes fungi (Sadiković & Kuštera 2013). Further, these efforts may 92 

have fostered a baseline worldwide interest in the conservation of fungi, evidenced by the many 93 

fungal conservation groups established in the past decades, such as the European Council for 94 

the Conservation of Fungi, the International Society for Fungal Conservation, and the 95 

International Union for Conservation of Nature’s (IUCN) Fungal Committee.  96 

In addition to the growing efforts in conservation governance, the importance of fungi 97 

to symbioses with plants has been recognized, and thus included in The Global Strategy for 98 

Plant Conservation (GSPC), which is a strategy, established and implemented by The 99 

Convention on Biological Diversity (CBD) in 2002 (Jackson & Kennedy 2009). The GSPC 100 

provided an important new opportunity to focus on the potential loss of tens of thousands of 101 

threatened plant species, with those working within its framework deemed fundamental to 102 

delivering the GSPC and advancing the conservation of both plants and fungi (Le Breton et al. 103 

2019). Further, in 2018, Kew Royal Botanical Gardens supported by the Sfumato Foundation 104 

released a benchmark publication (Willis 2018). It was comprehensive, describing all the 105 

positive interactions fungi provide, to fungal threats to ecosystems and fungal responses to 106 

climate change. More importantly, it detailed the collation of 2,189 new species of fungi 107 

described during 2017 alone, and described the challenges of fungal conservation, stating the 108 



taxonomic imbalance within the field of biological conservation. The continued activity and 109 

expansion of such groups illustrates the increasing understanding of the importance of fungi 110 

across stakeholders from academic, political, and public spheres. 111 

The collection and collation of species conservation data utilize three main tools 112 

(Dahlberg et al. 2010): inventories, mapping and Red Lists. The lack of scientific data available 113 

on rare fungi, and thus their potential to become endangered, has largely led to their 114 

comparatively recent inclusion on IUCN Red Lists. Additionally, an obvious weakness with 115 

the fungal Red Lists provided so far is their national scope, making comparisons across larger 116 

regions challenging (Halme et al. 2017). To overcome this, Ódor et al (2006) proposed a list of 117 

‘fungi of special interest’ on the scale of continental Europe to facilitate discussion on how the 118 

fungi indigenous to beech forests were affected by forest management and fragmentation 119 

across countries from Denmark to Slovenia, and to identify regions with the highest 120 

conservation value. This list has not been completed as of the time of writing, nor has it entered 121 

the planning stages in other countries that have equivalent, if not greater, fungal biodiversity, 122 

such as Australia. There has been some progress; in 2019 there were finally more than 340 123 

species included in the IUCN Red List, however, still very incomplete. In light of this, it was 124 

proposed that three alternative conservation strategies could be adopted to protect fungal 125 

biodiversity (Allen & Lendemer 2015). The first strategy is to wait for ecological literature and 126 

taxonomic data to become available, after which time the conservation of fungal species could 127 

take place using the same methodologies as those used for other taxa. The second, well-128 

supported strategy, is to protect entire habitats, and thus all the species contained within those 129 

environments. The third option could be to combine all information on fungi identified in 130 

environmental surveys and species databases into a central database, to consolidate all 131 

information of species population dynamics through time. Despite the continual growth in the 132 

literature and data on fungal diversity, the paucity of information on fungal species 133 



distributions remains the major barrier to the development of appropriate and accurate 134 

conservation efforts.  135 

Fungi are vulnerable to the same biodiversity threats as many plants and animals, 136 

including habitat fragmentation, degradation and loss, climate change, nitrogen enrichment and 137 

pollution (Jönsson et al. 2017). While all types of ecosystem services - regulating, supporting, 138 

provisioning, and cultural services (Millennium Ecosystem Assessment 2005) - are provided 139 

by fungal activities, their actions in regulating terrestrial ecosystem processes are central to 140 

sustainable land use (Heijden et al. 2015). It is therefore possible that the loss of any, including 141 

those not yet unidentified, fungi may result in restricted performance of the most critical 142 

ecosystem services. 143 

Over the last two decades, global conservation initiatives have shifted in focus, from 144 

being species centric, to an integrative habitat–ecosystem based approach (Heilmann-Clausen 145 

et al. 2015). Ecosystem-based approaches provide mycologists with the most opportunities to 146 

implement fungal conservation goals into broader scale conservation targets. Additionally, a 147 

broader ecosystem level approach may be the only achievable conservation method, due to the 148 

involvement of fungi in complex interactions with a plethora of other taxa (Nordén et al. 2020), 149 

thus making it impossible to successfully protect fungi on a species basis (Molina 2008). In 150 

light of this, Heilmann-Clausen et al. (2015) proposed 5 key criteria that could facilitate the 151 

incorporation of fungi into conservation actions: (1) as habitat and process providers for 152 

organisms of concern; (2) as indicators of ecosystem function trends; (3) as indicators of 153 

valuable habitats for conservation; (4) as a link between humans and the natural world through 154 

food, medicine, and biotechnical utility; and (5) as a source of novel solutions to conservation 155 

problems in other diverse organism groups. This ecosystem-level approach of habitat 156 

protection due to fungal hot spots has been achieved in England, with areas listed as ‘Important 157 

Fungus Area’ (IFA), including Pembury Walks (West Kent), which has almost 1,200 fungal 158 



species recorded (Ainsworth 2004).  159 

Engaging mycologists in the work of conservation professionals, and recognizing the 160 

potential for the integration of mycology in broader conservation efforts would increase 161 

opportunities for research and increase interest in this field. Emphasis on the necessity for 162 

fungal conservation may help change the protection status of valuable habitats, and so also the 163 

preservation of all taxa. However traditionally, most of the research in the field of 164 

environmental mycology has been associated with taxonomy rather than ecology and 165 

conservation biology.  166 

In Australia, the conservation of fungi also receives little recognition from a land 167 

management perspective, which is likely to reduce the probability that it will appear on 168 

subsequent conservation agendas. Reviews of the Management Plans of forty Australian 169 

National Parks revealed that 30% made no reference to fungi (Pouliot 2013, Pouliot et al. 170 

2014).  Of those that did mention fungi, over 90% made reference to pathogenic species, that 171 

is, only in the context of fungi posing a threat to other taxa. Only 25% referred to fungi in other 172 

contexts, but then usually only as an acknowledgement of their existence, or of the need for 173 

further research.  In almost all cases, only a single reference was made to fungi, compared to 174 

an average of 109 references for plants and 83 for animals.  175 

 176 

Determining the diversity of fungi for conservation 177 

Determining the diversity of fungi is not without challenges. Only approximately 5% of species 178 

can currently be isolated as pure cultures (Manoharachary et al. 2005). This limits knowledge 179 

of what these organisms look like and how to survey their prevalence in the field. 180 

Basidiomycetes are difficult to identify in culture, and are often categorized with non-181 

sporulating fungi as mycelia sterilia or as unknowns (Crawford et al. 2015). Thus the future of 182 

fungal detection and identification will be through DNA genome analysis (Raja et al. 2017). 183 



Ideally, molecular methods should be used in conjunction with culture-based methods, where 184 

possible, for both practical and accurate quantification and identification. As the collective 185 

molecular sequence data available to mycologists is growing (Ryberg 2015), the combined 186 

value of the DNA sequenced along with taxonomic metadata with images, morphological 187 

descriptions and herbarium specimens, can greatly augment knowledge, and will likely benefit 188 

other areas of conservation (Lücking et al. 2020). Further, the pressure to discover new fungal 189 

species at a faster pace is mounting, with an estimated 90% of fungal species still undescribed 190 

(Hawksworth 2012). Up to 2011, approximately 1200 fungi were described each year; at this 191 

rate, it might take 4000 years to identify all species of fungi (Hibbett et al. 2011). However, 192 

the cost of DNA analysis has fallen dramatically, and amateur mycologists have managed to 193 

become involved as citizen scientists collecting specimens for DNA barcoding and depositing 194 

curated specimens in fungaria.  195 

It is possible that species could become extinct before being described and named, but 196 

the identification of a primary fungal barcode marker for DNA and rRNA sequencing 197 

methodologies has revolutionized the way fungal communities are studied (Stielow et al. 198 

2015). Enhanced conservation efforts should be achievable with these advances, potentially 199 

enabling insights into fungal communities that were previously unavailable (Bengtsson-Palme 200 

et al. 2013). A good example of this is the Global Spore Sampling Project (GSSP) which aimed 201 

to collect air samples across the world, and conduct DNA-based comparisons to compile 202 

information on fungal diversity at very large spatial scales proximal to the sampling location 203 

(Ovaskainen et al. 2020), since many fungi disperse by windborne spores. The project currently 204 

has 50 sampling locations distributed across all continents, with additional researchers 205 

encouraged to join. 206 

 207 



Mycological education and research in academia 208 

The nature of mycological research and education is changing, as with all disciplines. Research 209 

in all areas appears to be decreasing in intensity, despite the continued efforts of dedicated 210 

mycologists. If this is the case, the community of mycological professionals is losing potential 211 

new members to other, higher profile areas of science — potentially due to mycology rarely 212 

being included in tertiary courses, however this needs to be quantified.  213 

Methodology 214 

To determine the presence or absence of the extent to which mycological science is currently 215 

taught within University curricula, and to quantify the existing expertise within these tertiary 216 

institutions, a survey was conducted of all universities within the Australian states of Victoria 217 

and South Australia, which have a rich fungal biota with numerous endemic species (Buchanan 218 

& May 2003), and boast some of the highest ranked universities in the world. All data were 219 

collected in 2017, before the start of the 2018 academic year. Searches were conducted within 220 

the respective university websites, course handbooks and expert registers. This may not be the 221 

most exhaustive search; however the results effectively demonstrate the relative prominence 222 

of mycology across the studied institutions. The current work was constrained in both its time 223 

scale and geographical extent, building on previous work (Irga et al. 2018).  224 

The presence/absence information gathered fell into three categories, depending on 225 

whether the search terms ‘Mycology’, ‘Fungi’, ‘Fungal’, ‘Fungus’, ‘Mushroom’ and ‘Yeast’ 226 

were present in: the name of a subject or course, the subject or course description, or profiles 227 

of researchers or academic staff.  228 

This information was obtained through a combination of email correspondence with 229 

university administrative staff and general internet searches reviewing publicly available 230 

information on university websites.  231 



In order to quantify the growing community interest in mycology, a manual search 232 

through social media platforms was conducted that pertain to mycology, with the same search 233 

terms as used above. For the purposes of this investigation, ‘social media’ refers to any web-234 

based service that allow individuals, communities and organizations to collaborate, connect, 235 

and build a community by enabling them to generate and engage with user-generated content 236 

that is easily accessible (Toivonen et al. 2019). Numbers of members engaging with content 237 

on each of these platforms were recorded in March 2018 and in March 2020. Focus was placed 238 

specifically on social networking sites and content communities such as Facebook, Quora and 239 

Reddit, which are likely to contain relevant information for studying human-fungi interactions. 240 

Non-English speaking platforms such as VKontakte and Odnoklassiniki, and the Chinese 241 

QZone, could also be a source of mycological information sharing but were not referred to 242 

here. 243 

Through the process of searching through social media platforms, we were made aware 244 

of successful community science initiatives that had their own websites, but had a strong social 245 

element. These identification sites are additionally presented and discussed.  246 

Results  247 

Mycology in academia 248 

Of the 11 universities assessed, only one had a course with mycology or fungi as part of the 249 

name of a subject (Table 1) and this delivered content on the medical, clinical and pathological 250 

aspects of mycology. Just over 70% of the universities mentioned mycology and/or fungi 251 

within the formal descriptions of subjects, although most of these were not primarily 252 

mycological; they referred for example to microbiology, basic ecology, or clinical pathology. 253 

University biodiversity and conservation subjects and courses as observed in the current study 254 

(i.e Victoria, Australia and South Australia, Australia) tend to exclusively examine biodiversity 255 



and extinction as they relate to plants and animals, and the potential threats to ecosystem 256 

functioning and services if fauna or flora were removed: mycology appeared mainly to be 257 

taught in general biology subjects, where the curricula were limited to developing an 258 

awareness, and key characteristics of the kingdom. Interestingly, over 90% of universities listed 259 

a mycologist researcher or academic working at the institution.  260 

 261 

Mycology in social media  262 

Twenty social media groups related to mycology were identified, across Facebook, Quora and 263 

Reddit (Table 2), the most popular of which are ‘The Mushroom Identification Forum, Reddit 264 

mycology and Quora fungi. Every group increased participation over the two year study period, 265 

with a total of 528,854 individuals engaging with these platforms in 2020, and increase from 266 

243739 in 2018.  267 

Additionally, successful community science initiatives that had their own websites 268 

were identified: 269 

- Mushroom Observer (MO) [https://mushroomobserver.org/] 270 

- iNaturalist  [https://www.inaturalist.org/] 271 

- Fungimap [https://fungimap.org.au] 272 

- Fungal Diversity Survey, formerly North American Mycoflora Project [https://fundis.org/] 273 

Discussion 274 

To ensure academic mycology flourishes and continues to provide research to inform 275 

conservation biology, the field needs to attract and retain talented people, improve 276 

communication with the public so as to attract research funding, and continue producing 277 

cutting-edge science. Better recruitment of mycologists is likely to be achieved by exposure to 278 

content at the undergraduate level. In doing so, mycology careers may be re-conceptualized, 279 

with mycology-focused graduates seeking employment in new sectors, which will help 280 

https://protect-au.mimecast.com/s/tWVLCL7EPlFl6k6jCgUNTQ?domain=fundis.org


retention of early-career scientists. This can be achieved by providing opportunities, and then 281 

actively encouraging promising undergraduates to apply for post graduate positions and mentor 282 

them through applications. Mycology is a small field and suffers from an invisibility problem. 283 

Few people know what a mycologist is, and fewer have met one. This perception can be 284 

combatted by promoting interactions between existing mycologists, and convincing students 285 

that mycology is an important and rewarding career path. An additional barrier to careers in 286 

mycology is perception; perception that the careers are repetitive, laborious, and unrewarding, 287 

as has been the case for traditional careers in systematics and taxonomy. A key to countering 288 

these perceptions is to expose students to the diverse career pathways pursued by established 289 

mycologists. Current levels of mycological expertise in the Victoria and South Australia are 290 

inadequate to provide the necessary background research so as to support local fungal 291 

conservation.  292 

 293 

Citizen science and social media networks 294 

Fungal study groups meet and organize meetings through social media, usually through blogs, 295 

Facebook, Quora or Twitter (Table 2). These sites and platforms tend to provide resources 296 

about fungi, their relationships with other taxa and identification resources. The resources 297 

provided can be regionally based, or more general. The general aim of these groups is to 298 

educate and assist people with field identification and also (depending on interest and access 299 

to equipment) with microscopic examination, along with the active encouragement of 300 

interaction between members. Interactions such as this could leave a lasting legacy if people 301 

fall in love with mycology and outdoor experiences, become aware of the work done by other 302 

mycologists, or develop science-citizen relationships.  303 

Concerning the decline in professional mycologists, there is potential that the resulting 304 

shortfall in education, skills and knowledge can be partially supplemented with voluntary 305 



contributions from amateur scientists and citizens, especially in regards to macro-fungi. Macro-306 

fungi are appealing to ordinary people, which facilitates the inclusion of fungi in citizen 307 

science-based monitoring of biodiversity. Additionally, for exceptionally rare species, the 308 

search for macro-fungi by interested amateurs, under the guidance of professional scientists, 309 

might be the only cost-effective way to obtain records, as environmental sampling of very low 310 

frequency mycelia hidden in soil or other substrata is difficult to organise and fund. Citizen 311 

science has developed from its early conception as an educational tool into a significant 312 

contributor of empirical data in ecological research (Gallo & Waitt 2011). Citizen science 313 

engages and enables the public knowledge of species and conservation needs, with the 314 

concomitant provision of data that is of scientific value (Follett & Strezov 2015). A benefit of 315 

citizen science is that amateurs can participate at multiple levels depending on their time and 316 

experience. Citizen science projects offer mutually beneficial partnerships between scientists 317 

and non-scientists through the promotion of the participatory approach to mycology research 318 

in which citizens are not only considered as “data collectors”, but as proper “scientists”. Citizen 319 

science-based projects are helping to address challenges unique to mycology, such as high 320 

species richness and poorly resolved taxonomy (Watling 1996). By combining citizen science 321 

into the broad field of conservation mycology, there is an increase in human – nature 322 

interactions  that can potentially integrate public outreach with data collection, filling the gap 323 

in diversity knowledge in mycology (Fig. 1)  324 

Citizen science projects, especially using web platforms, require some degree of 325 

standardization, to ensure that the data generated is of the highest possible quality (Heigl et al. 326 

2019). This appears to be the greatest barrier to its use, and remains one of the most discussed 327 

aspects of its implementation (Fritz et al. 2019). Solutions include volunteer training, continual 328 

data collection feedback over the duration of the project, comparison against data that has been 329 



professionally collected, validation by experts (Fritz et al. 2019), and use of standardized 330 

measurement tools (Kosmala et al. 2016). 331 

 332 

Community-based learning 333 

An additional beneficial component of citizen science-orientated projects is that they support 334 

community-based learning and a participatory research approach that involves citizens in 335 

scientific debate through community engagement, direct experience and informal education 336 

(Ballard & Belsky 2010). A community-based monitoring approach allows for more than just 337 

the collection of data, but enables the enhancement of ecological literacy and the public 338 

understanding of anthropogenic impacts on natural ecosystems (Whitelaw et al. 2003). 339 

Community-based monitoring promotes citizens’ direct experience of the natural environment 340 

that contributes to community engagement and improves ecological awareness. The informal 341 

educational role of citizen science activities contributes also to the redesign of the standard 342 

process of knowledge production and to democratize science through sharing information 343 

between experts and non-experts (Conrad & Hilchey 2011). Even such grassroots mycology as 344 

the submission of incidence information and photos of fungi by citizens in their local area 345 

(Newbound et al. 2010) can provide valuable information on species distributions. 346 

New technologies and social media offer opportunities to expand the democratization 347 

of science data sharing by making scientific information accessable to non-experts. Internet-348 

based platforms and mobile applications have greatly simplified the recording of species 349 

observations, and are also widely used to store documentation such as photos and map 350 

distribution profiles. Recent advancements made in technology and communication have 351 

benefited amateur mycological studies through the facilitation and encouragement of global 352 

information sharing amongst amateurs, but also potentially with the professional community.  353 

There are some challenges that must be overcome to maximise what citizen science can offer 354 



mycology. In particular, the pressure of professional research and the lack of funding available 355 

for taxonomic work may lead some professionals to become concerned over a heavy reliance 356 

on amateur mycologists for their research. 357 

The identified social media pages include collaborations with academics, experts and 358 

other citizens, who provide interactions such as commenting on photographs and providing 359 

identification assistance. This encourages a culture of engagement, as the 360 

photographer/uploader interacts with their community to create discourse and discussion on 361 

the identification collectively. Further, these groups organize local forays and the social media 362 

pages are where these forays tend to be announced. Fungal forays (haphazard screening of a 363 

specified area, recording species of interest within that area) represent the classic means of 364 

obtaining records or specimens of macro-fungi. However, there are significant limitations 365 

when social media platforms such as Facebook and Reddit are used for conservation. Some 366 

skill and/or privileged access is required in order to mine the text and pictures for research data. 367 

Also, there is no way to download a list of all the species that have been found and where from 368 

a Facebook page/group or a subreddit. Facebook and Reddit pages on mycology vary in quality:  369 

some perpetuate false information about mycology, the posts are not always corrected, and 370 

some posts focus on psilocybin mushrooms which are illegal in some countries. 371 

The increased involvement of amateurs may require the reconsidering of traditional 372 

research questions and approaches, but will ultimately benefit the discipline. One of the main 373 

qualities of opportunistic foraying is that it is often the best way to record rarely fruiting species 374 

that may be missed using structured sampling methods (Halme et al. 2012, Halme et al. 2015). 375 

Irrespective of these challenges, any attempt to overcome data shortfalls and develop ways to 376 

break down the barriers to engagement with real-world mycological biodiversity is a priority 377 

for conservation, and thus paramount to further initiatives. 378 



To this end, the use of specialized platforms that try to link all stakeholders in 379 

conservation mycology will have the most success. The top two specialized platforms of fungi 380 

identification are Mushroom Observer (MO) [https://mushroomobserver.org/] and iNaturalist  381 

[https://www.inaturalist.org/]. Both sites have a social element but are primarily about 382 

identifying species. iNaturalist is one of the most popular citizen science data portals in the 383 

world (Boone & Basille 2020). Users can submit pictures of biological observations to an 384 

online data base to be reviewed by the rich online community and used for important 385 

biodiversity research around the world. Users can use the iNaturalist ap to plan community 386 

projects and learn more about species identification and biodiversity. It uses a community-387 

driven model to help identify species and experts to assist with both initial identifications and 388 

verify observations. The leadership of iNaturalist sees its primary function as social and 389 

educational, rather than scientific. At the time of writing, iNaturalist has approximately 13 390 

million accounts of species ranging from fungi, plants, insects, and animals. Mushroom 391 

Observer is also guided by citizen science, albeit with a focus on macro-fungi (Moose et al. 392 

2020), which assists researchers in linking images uploaded to geographical locations and 393 

enables an assessment and comparison of the morphological variability of the species in 394 

question.  iNaturalist and MO allow downloading of all ‘verified’ observations for an area and 395 

the area can be defined. They offer the great advantage over social media groups of offering 396 

geographical location of fungal reports and thus being much more important for fungal 397 

distribution knowledge. Using these data, machine learning and visual recognition computer 398 

vision research can be applied to increase the rate and precision of identification (Sulc et al. 399 

2020). Some apps (e.g. Fungal Diversity Survey: https://fundis.org/), and Australia’s 400 

Fungimap: https://fungimap.org.au), targeting fungal citizen scientists have done more to 401 

address the data quality issues than others. Fungimap demonstrated a successful engagement 402 

model by working with regional fungi society groups, which gives volunteers and collaborating 403 

https://fundis.org/


groups the support of a dedicated research coordinator working within a proven framework. A 404 

similar strategy is employed by Fungal Diversity Survey (FunDis for short), who have 405 

assembled a working group of mycologists and leaders in fungal conservation, with a focus of 406 

putting FunDiS into the service of tracking species for conservation. 407 

Conclusion 408 

The paucity of mycological research will unquestionably lead to poor conservation outcomes 409 

for fungi. This could potentially lead to the loss of species, even before they are named and 410 

their ecological niches are resolved. Whilst technological advancements in molecular 411 

investigative tools are allowing for an increased rate of species discovery, the lack of active 412 

professional mycologists is currently constraining progress.  413 

The engagement and participation of citizen scientists is becoming an increasingly 414 

important factor in mycological research, which is currently being facilitated through social 415 

media. The synergy of these potentially competing forces through community-based learning 416 

and participatory research approaches (Fig. 2) has evolved to become the new frontier of 417 

mycological research and teaching, which should help fill gaps in this poorly resourced 418 

discipline. The main barriers for future engagement with this approach will be connecting 419 

amateurs with experts, and ensuring that crowdsourced online platforms are able to ensure data 420 

quality and species verification, highlighting the importance of integrated data validation 421 

processes for decision-making in environment conservation programs. 422 

 423 
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