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Introduction to IMPEL

The European Union Network for the Implementation and Enforcement of Environmental Law (IMPEL) is an
international non-profit association of the environmental authorities of the European Union (EU) Member
States, and of other European authorities, namely from acceding and candidate countries of the EU and
European Economic Area (EEA). The association is registered in Belgium and its legal seat is in Brussels,
Belgium.

IMPEL was set up in 1992 as an informal Network of European regulators and authorities concerned with the
implementation and enforcement of environmental law. The Network’s objective is to create the necessary
impetus in the European Community to make progress on ensuring a more effective application of
environmental legislation. The core of the IMPEL activities concerns awareness raising, capacity building and
exchange of information and experiences on implementation, enforcement and international enforcement
collaboration as well as promoting and supporting the practicability and enforceability of European
environmental legislation.

During the previous years IMPEL has developed into a considerable, widely known organisation, being
mentioned in a number of EU legislative and policy documents, e.g. the 8th Environment Action Programme
that guide European environmental policy until 2030, the EU Action Plan: "Towards a Zero Pollution for Air,
Water and Soil" on Flagship 5 and the Recommendation on Minimum Criteria for Environmental Inspections.

The expertise and experience of the participants within IMPEL make the network uniquely qualified to work
on both technical and regulatory aspects of EU environmental legislation.

Information on the IMPEL Network is also available through its website at: www.impel.eu


http://www.impel.eu/
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Executive Summary

The JoNeF project is committed to advancing the conservation of macrofungi by promoting their
integration into environmental laws and policies across Europe. Initiated in July 2023, the project
conducted a comprehensive survey on the conservation and data collection of macrofungi,
engaging experts from Europe and beyond. Contributions from specialists in 32 countries were
compiled into an extensive report (IMPEL, 2024).

Based upon the survey results, this guidance examines the current state of macrofungi conservation
(Chapter 2) and monitoring activities (Chapter 3) in Europe. It provides targeted recommendations
for highlighting the ecological importance of macrofungi, promoting their role as indicators of
habitat quality and ensuring their inclusion in environmental policies (Chapter 4). The findings
demonstrate pathways for integrating macrofungi into legislative frameworks and conservation
policies, with some European countries already offering successful examples.

This guidance delivers practical recommendations designed both for technicians and policymakers,
fostering innovative approaches to global biodiversity and ecosystem conservation. By adopting
these recommendations, policymakers can play a crucial role in preserving natural heritage and
ensuring the protection of macrofungi for future generations.
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Specimens Collection of Fungi), Network of NKUA Culture Collections
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Disclaimer

This report is the result of a project within the IMPEL network. The content does not necessarily
represent the view of the national administrations or the Commission.

Quotation

It shall be permissible to make quotations from an IMPEL Document which has already been
available to the public on the IMPEL website, provided that their making is compatible with fair
practice, and their extent does not exceed that justified by the purpose. Where use is made of
works in accordance with Berne Convention, mention should be made of related IMPEL Document
Name with giving publication link of the document on IMPEL Website. IMPEL has all rights under

the Berne Convention.



https://www.wipo.int/treaties/en/ip/berne/
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Presentation of the Guidance

By Merlin Sheldrake

Fungi are ecosystem engineers that underwrite the regenerative capacity of the living world.
However, despite their key roles in sustaining global biodiversity and driving vital biogeochemical
processes, fungi have been overlooked in climate change strategies, conservation agendas and
restoration efforts. This is a problem: the destruction of fungal communities accelerates both
climate change and biodiversity loss, jeopardising the health and resilience of the ecosystems on
which so much of life on Earth depends, including our own.

There’s a good reason why so much work goes into assessing the conservation status of different
species: from the point of view of policymakers, if nothing is under threat, there’s nothing to protect.
But despite their minimal presence in our lists of endangered species, we know of many threats to
fungi. Large swathes of the fungal kingdom are intimately associated with plants and so are killed
off by the same activities, such as deforestation. Fungi are subject to additional disruptions, from
ploughing to the overuse of fungicides and fertilisers, to habitat fragmentation.

The urgent need for fungal conservation is becoming ever more widely accepted among decision
makers. There is no better indicator of this than the historic Fungal Conservation Pledge, launched
at the sixteenth meeting of the Conference of the Parties (COP) to the Convention on Biological
Diversity (CBD) in Colombia, October 2024, by Chile and the United Kingdom in collaboration with
the Fungi Foundation. The pledge seeks to advance concrete measures to prioritise fungi in national
and international legislation, policies, and agreements, and will hopefully be adopted by the UN CBD
Secretariat at the next COP of the CBD, paving the way for a new era in fungal conservation.

More than ever, decision makers need guidance to develop meaningful measures and targets for
fungal conservation. This report by the Joint Network for Wild Fungi (JoNeF) —the outcome of many
hours of painstaking work by a Europe-wide consortium of fungal researchers — provides exactly this
kind of guidance. Contained within its pages are concrete recommendations for including fungi in
legislative frameworks, enhancing data collection and monitoring, and developing effective
conservation strategies at both national and European levels.

There are indeed challenges ahead, ranging from the need for more comprehensive datasets and
standardised monitoring protocols to a lack of public awareness of fungi. The JoNeF consortium is
clear-eyed about the difficulties associated with effective fungal conservation and provides helpful
suggestions and advice on how best to overcome these obstacles.

Fungi have long supported and enriched life on our planet. It’s time that this kingdom of life received
a kingdom’s worth of attention. The JoNeF report helps to chart a way forward and could not come
at a better time.

Merlin is a biologist and author of Entangled Life: How Fungi Make Our Worlds, Change Our Minds, and Shape
Our Futures, a New York Times and Sunday Times bestseller, and winner of the Royal Society Book Prize and
the Wainwright Prize. He is the presenter of Fungi: Web of Life, a giant screen documentary narrated by Bjérk.
Merlin is an honorary research associate of the University of Oxford, a research associate of the Vrije
University Amsterdam, the UK Policy Lead for the Fungi Foundation, a core member of the More-Than-Human
Life Project and works closely with the Society for the Protection of Underground Networks.
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Preface

To the IMPEL Network, IMPEL National Coordinators, IMPEL
Nature Protection Expert Team, European Commission,
National Ministries of Member States, Environmental Agencies
of Member States, European Environmental Agency, and ISPRA.

This guidance marks the culmination of a year and a half of dedicated work by the JoNeF project
team, driven by a shared commitment to elevating the importance of macrofungi within the broader
framework of biodiversity conservation.

Why We Did This Work

Macrofungi play a critical role in ecosystems, yet their significance is often overlooked in biodiversity
conservation policies. Recognizing this gap, the JoNeF project set out to bridge the divide between
the scientific community and governmental bodies, aiming to elevate macrofungi to a position of
greater prominence in environmental legislation.

What We Found

One of the most significant challenges from the outset was securing the engagement of government
officials who aligned with our vision. This challenge underscored the gap between scientific insights
and policy implementation, a major obstacle in advancing macrofungi conservation. Despite these
hurdles, the team remained resolute, producing the Survey Report (IMPEL, 2024) and this Guidance.

The project revealed that while awareness of macrofungi’s ecological importance is growing, there
is still a long way to go in ensuring they are included in biodiversity frameworks. This process
reinforced the urgency of fostering stronger collaborations between scientists and policymakers to
translate evidence into actionable policies.

Where This Leads

The JoNeF project has laid a strong foundation for future progress by identifying the right
government contacts, building relationships, and emphasizing the importance of scientific evidence.
This guidance aims to empower policymakers to drive significant change in macrofungi
conservation, ensuring their protection for generations to come.

We are pleased to announce that the JoNeF project will continue for the next three years, allowing
us to build on this progress and further strengthen efforts to integrate macrofungi into biodiversity
conservation policies.

Looking Ahead

We call on policymakers, legislators, and government officials to commit to ongoing collaboration
with us beyond the project's completion. Working together will be essential in driving our shared
goals forward and ensuring the inclusion of macrofungi in environmental legislation.

Acknowledgments
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Survey Report and for recognizing the importance of macrofungi conservation in the broader
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Overview of the Guidance Document; Structure and Content

The Guidance document, titled “JONEF PROJECT: TOWARDS COMMON PROCEDURES FOR FUNGI.
State-of-the-art and recommendations for implementing fungi conservation in Europe”, is organized
into four main chapters, each addressing critical aspects of fungal conservation and providing a
comprehensive framework for future actions. Below is an overview of the contents:

The JoNeF Project }

*This chapter introduces the JoNeF initiative, outlining its background, aims, project team, and
main actions. It also includes a SWOT analysis to assess the project's strengths, weaknesses,
opportunities, and threats.

State of the Art of Fungi Conservation in Europe }

*This chapter provides an in-depth review of the current state of fungal conservation across
Europe, including the legislative context, notable initiatives and projects, and future priorities
for macrofungi conservation.

Macrofungal Monitoring and Assessment Initiatives in Europe J

*This chapter focuses on data collection, monitoring, and assessment practices at the national
level. It highlights the importance of data resources, storage systems, and the use of data for
creating national checklists, Red Lists, and trends, culminating in a proposal to establish a
European Fungi Monitoring Network.

Recommendations for Implementing Macrofungi Conservation in W
Europe J

SIS BN

*This final chapter outlines specific recommendations to integrate macrofungi into European
conservation frameworks.

Additional sections include bibliographic references, useful websites, a glossary of key terms, and
an annex listing JoNeF team members by country and affiliation.

Short contributions on specific topics or case studies are placed in focus boxes.

This Guidance Document has been collaboratively developed by several working groups, each led
by a chapter coordinator. These coordinators guided the contributions of their respective teams,
ensuring that the content reflects a comprehensive and expert-driven approach to the topics
addressed.

The Guidance builds upon the findings of the IMPEL 2024 Survey Report, which provides an overview
of the current state of fungal conservation in Europe. While some overlap between the two
documents is intentional, this one focuses on translating key findings into actionable
recommendations for IMPEL, environmental agencies, ministries, and policymakers. For further
details and in-depth data on the survey results, readers are encouraged to refer to the Survey Report
(IMPEL, 2024).

14



1. The JoNeF Project

Authors: Stefania Ercole, Francesca Floccia, Valeria Giacanelli

Affiliation: see Annex |

“FUNGI ARE IN A SEPARATE
KINGDOM, ARE MEGADIVERSE,
AND HAVE IMPORTANT
FUNCTIONAL ROLES, SUCH AS
DECOMPOSITION AND NUTRIENT
CYCLING, THAT ARE NOT OR
LITTLE DUPLICATED IN OTHER
KINGDOMS.”

May & McMullan-Fisher, 2012

1.1. Background and aims

The conservation of fungal diversity is crucial for preserving global ecological cycles. Historically,
public attention has largely focused on fungi for food and commercial purposes. However, in recent
years, awareness of their ecological importance and the need for fungal conservation has grown
significantly, driven by the efforts of scientists, conservationists, and policymakers across Europe.

While legislative instruments for fungal conservation remain limited — fungi are not yet directly
considered in key international frameworks such as the Bern Convention (Convention on the
Conservation of European Wildlife and Natural Habitats, 1982°) or the Habitats Directive (Council
Directive on the conservation of natural habitats and wild fauna and flora, 19928) — important steps
have been taken to highlight their role. For instance, the Habitats Directive mandates the protection
of numerous habitats (Annex I) where fungal species thrive, indirectly offering some protection.

It was in this context that, in 2022, the Italian Institute for Environmental Protection and Research
(ISPRA)” proposed the “Joint Network for Wild Fungi — JoNeF” project to the European Union
Network for the Implementation and Enforcement of Environmental Law (IMPEL)%. The JoNeF
project builds on existing initiatives (Dahlberg et al., 2010; Senn-Irlet et al., 2007; Fraiture & Otto,
2015) and aims to raise awareness about the need for improved fungal protection in Europe. It
focuses on enhancing data collection, strengthening cooperation among stakeholders, and
identifying common conservation strategies at European and national levels.

5 https://www.coe.int/en/web/bern-convention

5 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:31992L0043&from=EN
7 https://www.isprambiente.gov.it/en

8 https://www.impel.eu/en
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A key objective of JoNeF has been to assess the current state of legislative protection for
macrofungi® in European countries and to propose practical recommendations to support future
progress. The project emphasizes the importance of building on existing knowledge, networks, and
best practices to advance fungal conservation.

The project required active involvement from European environmental authorities to encourage
professional cooperation, information exchange, and sharing of successful approaches among
environmental regulators, the key stakeholders and target audience of JoNeF recommendations.
Approved by the IMPEL General Assembly in June 2023 under the Nature Protection Expert Team,
the JoNeF project officially began in July 2023 and concluded in December 2024.

The JoNeF project team is a comprehensive, multidisciplinary group that consists of experts from
European countries situated at various latitudes, with different climates, and biogeographical
regions. The team covers a large area, from Iceland to Greece on the latitude scale and from Portugal
to the easternmost Greek islands on the longitude scale.

During the project's development, the team expanded from 10 members at its inception to 38
members contributing to the preparation of the Guidance Document.

Specifically, each member contacted fellow mycologists and experts in other countries to request
their participation, aiming to create a broad network of collaborators and contributors for the
project.

The 38 members come from the following 21 European countries: Albania, Croatia, France, Greece,
Hungary, Iceland, Ireland, Italy, Kosovo, Latvia, Lithuania, Malta, Montenegro, North Macedonia,
Poland, Portugal, Romania, Sweden, Switzerland, The Netherlands, United Kingdom (Figure 1).

The team is composed of experts with different training, skills and experience, working in different
types of organisations, such as national public authorities, public research institutions, academic
institutions and non-governmental organisations.

The final team includes mycologists, botanists, forest officers, academics, experts in nature
conservation, and biologists who are also involved in communication.

Due to the lack of dedicated offices or working groups on mycology within many Ministries or
National Environmental Agencies, the project team has expanded its search for collaborators to
universities, research institutes, and non-governmental organisations, creating an enriched network
of experts with diverse skills and backgrounds.

Most members are employed by national public authorities: 18 members work within national
ministries and environmental agencies, representing countries such as Albania, Croatia, Hungary,
Italy, Lithuania, Kosovo, Malta, Montenegro, and the Netherlands.

Additionally, nine organisations are part of the IMPEL Network, with representation from Albania,
Croatia, Hungary, Italy, Lithuania, Malta, Montenegro, Kosovo, and the Netherlands, and 17 experts
officially involved in the project.

° Note: The project focuses on “macrofungi”, i.e., fungi that produce sporocarps (fruiting bodies) visible to the naked
eye. We also used the terms "macromycetes" or "fungi", avoiding the commonly used term "mushrooms" to ensure
scientific precision and to highlight the broader ecological significance of wild fungi, not restricted only to edible ones.
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Figure 1. JoNeF members countries

Academic institutions from Greece, North Macedonia, Poland, Portugal, Romania, and Kosovo
employ seven members, while eight members are from research institutions in France, Greece,
Iceland, Ireland, Latvia, Sweden, and Switzerland. Furthermore, three members are affiliated with
NGOs from the Netherlands, the UK, and the USA. One member is from a non-departmental public
body in the UK, and another is a freelance professional (Figure 2).

Members' names and affiliations are reported in Annex 1.

B Academic institution
M Freelance
® National public authority

Non-departmental public
body

B Non-governmental
organisation

B Public research institution

Figure 2. Types of institutions employing JoNeF members
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1.3. Main actions

The JoNeF project was initiated by ISPRA and proposed to the IMPEL Network in November 2022. It
received approval in June 2023 under the Nature Protection Expert Team.

The project officially began in July 2023, with its first activity focused on developing a questionnaire-
based survey on fungal conservation and data collection. The questionnaire was distributed
between October and December 2023, and the findings were compiled in the JoNeF Survey Report,
which was approved by the IMPEL General Assembly in June 2024.

Building on the Survey Report, the team then proceeded to develop the Guidance, which was
completed and delivered to IMPEL in December 2024.

The main actions of the project are summarised in Figure 3.

The Italian Institute

for Environmental JoNeF Sur_vey
. Report is
Protection and The aooroved b
Research (ISPRA) JoNeF pF;MPEL Y
proposes the JoNeF project General
project to IMPEL starts Assembly
Network
| October- |
June | December | December
2023 5 2023 5 2024
. . . . . .
November | July 2023 | June 2024
2022 ! !
The IMPEL JoNeF
General Assembly The Guidance is
approves the questionnair delivered to
JoNeF project e-based IMPEL
under the Nature survey is Network and
Protection Expert distributed the project
Team ends

Figure 3. Timetable of JoNeF project

18



Project team meetings

The JoNeF project team convened multiple times between July 2023 and December 2024, holding a
total of nine meetings. Of these, six were conducted online, while three were held in a hybrid format
and included site visits (Figure 4).

Site visits took place respectively in Italy at the Circeo National Park, in Romania at the Comana
Natural Park, and in Greece at Paiko Mountain (Figures 5, 6, 7).

Kick-off meeting 1st meeting online 1st site visit (ltaly)
online * 3 October 2023 29 Mowvember- 1

» 20 July 2023 December 2023

2nd site visit 3rd meeting online 2nd meeting online
(Romania) * 13 March 2024 * 30 January 2024

22 May - 24 May 2024

Ath meeting online S5th meeting online 3rd site visit

32 July 2024 =17 September 2024 (Greece)
=22 - 25 October 2024

Figure 4. JoNeF meetings

Figure 5. JoNeF project team site visit in Italy
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Figure 6. JoNeF project team site visit in Romania

Figure 7. JoNeF project team site visit in Greece
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The questionnaire-based survey

The first activity for the project was the development of a questionnaire to gather information on
fungal conservation and data collection in Europe.

The questionnaire was distributed from October to December 2023 to IMPEL and non-IMPEL
organisations.

The questionnaire was shared both with JoNeF members and National Coordinators of IMPEL
countries, and with experts and institutions interested in fungal conservation and data collection.
JoNeF members and IMPEL National Coordinators disseminated the questionnaire both in their own
country and in other countries not involved in the JoNeF team.

The questionnaire included 82 questions divided in two parts.

An online form was used to disseminate the questionnaire. The form was linked to the JoNeF
webpage on IMPEL website and on the website of the Italian Network for Mycological Diversity
(NMD).

Sixty-nine respondents from 32 European countries replied to the questionnaire.

Further details about the respondents to the questionnaire are included in the Survey Report
(IMPEL, 2024). The responses showed the interest in fungal conservation as well as differences
between countries.

The team analysed the answers and developed the statistics and graphs. On 15" March 2024 the
team released the report titled “JoNeF Survey Report. Survey on macrofungi conservation and data
collection in Europe”, approved by the IMPEL General Assembly on 26-29 June 2024 (Figure 8).

The survey report is available on the JoNeF web pages, which can be accessed via the IMPEL website
[IMPEL - JoNeF Project] (https://www.impel.eu/en/projects/joint-network-for-wild-fungi-jonef)
and the website of the Italian Network for Mycological Diversity (NMD) [NMD - JoNeF Survey
Report]  (https://ndm.isprambiente.it/attivita/progetti-e-iniziative/progetto-jonef/jonef-survey-

report/ ).

° JONC.F

Figure 8. JoNeF Survey Report
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The JoNeF project aims to raise awareness about the need for protecting fungi in European habitats, improve data collection and knowledge, and
encourage the inclusion of fungi in European environmental legislation and policies. To identify the best strategies for achieving these objectives,
the project team conducted a SWOT analysis, as follows.

Strengths (Internal)

Multidisciplinary Expertise: The JoNeF
team comprises 38 experts with diverse
backgrounds, including mycologists,
botanists, forestry experts, conservation
officers, and nature conservation
specialists.

Institutional Diversity: Team members
work in a variety of environmental
institutions such as ministries,
environmental agencies, academic
institutions and NGOs.

Geographical Representation: JoNeF
includes members from 21 countries
across various European biogeographical
regions.

Expertise in Fungal Conservation:
Members possess significant expertise
and experience in fungi conservation
and data collection, and their extensive
networks facilitate the creation of a
European-wide knowledge base.

Weaknesses (Internal)

Lack of dedicated funding: The JoNeF
project is not funded except for
reimbursements for in-person meetings
and site visits.

Insufficient Policy Influence: Only a few
JoNeF members are directly involved in
public institutions that can influence
European-level policy development.

Incomplete Geographic Coverage: The
project does not have members from all
European countries.

Limited availability of time: Many JoNeF
members have limited time to devote to
the project due to their primary work
commitments.

Opportunities (External)

Growing Global Interest in Fungi
Conservation: Increasing global
initiatives and rising public interest in
fungi highlight an opportunity to
advocate for their conservation.

European Commission Actions: Recent
European Commission initiatives have
focused on under-represented species,
providing a potential avenue for fungi to
gain attention.

Habitat Conservation Benefits: The
conservation of habitats under the
Directive 92/43/EEC (Annex |) indirectly
supports the conservation of fungal
species.

Institutional Support: Leading
conservation bodies like [IUCN support
the conservation of fungi as one of the
most neglected taxonomic groups, giving
support and value to the cause.

Threats (External)

Lack of Expertise in Government
Bodies: Ministries and environmental
agencies in many European countries
lack specific expertise in fungi.

Absence of dedicated Fungal
Legislation: European legislation
currently lacks explicit protections for
fungi, making it difficult to enforce
conservation measures.

Misconceptions about Fungi: Fungi are
often viewed primarily through the lens
of their commercial value or health
implications, rather than their ecological
importance.

Data Collection challenges: National
information systems are often not
interoperable, and there is a lack of
European common standards for fungal
data collection, hindering the creation of
a comprehensive data network.

22



Based on the SWOT analysis, the internal and external obstacles could be overcome through the
following actions:

e expand geographic representation: consider ways to involve representatives from more
European countries to strengthen reach and comprehensiveness of the conservation aims

e seek additional funding: actively pursue funding opportunities, through European Union
grants or other conservation funding sources

2. engage policymakers: target outreach efforts toward government bodies and policymakers
to advocate for the development of specific fungal conservation policies

3. leverage citizen science: promote opportunities for non-professional mycologists and citizen
scientists to participate in data collection and awareness-raising campaigns.

23



2. State of the Art of Fungi Conservation in Europe

Authors: Eleni Topalidou, Panagiotis Madesis, Dheeraj Singh Rathore

Affiliations: see Annex |

“DUE TO THEIR CRYPTIC NATURE
AND FREQUENTLY SPORADIC AND
OFTEN SHORT-LIVED
SPOROCARPS, FUNGI HAVE BEEN
CONSIDERED A STRANGE GROUP
OF ORGANISMS, POORLY
UNDERSTOOD AND DIFFICULT TO
STUDY.”

Dahlberg et al., 2010

2.1. Introduction

Classified under the phyla Basidiomycota and Ascomycota (Singh et al., 2018; Kinge et al., 2020),
macrofungi are found in a variety of ecosystems including terrestrial, freshwater, and maritime
habitats. These fungi are among the most important organisms for the ecosystem functioning due
to their vital roles in ecosystem services, such as nutrient cycling, soil formation, carbon
sequestration, and pollutant remediation (Sridhar & Deshmukh, 2023).

Macrofungi (including all fungi that produce reproductive structures visible to the human eye) are
classified into two major functional groups (Read & Perez-Moreno, 2003; Caiafa et al., 2017; Niego
et al., 2022):

a) Saprotrophs: these fungi contribute to the decomposition of organic matter, nutrient cycling
and soil formation

b) Biotrophs: these fungi establish a long-term feeding relationship with the living cells of their
hosts and they are divided to mutualists (e.g. mycorrhizal fungi that establish symbiotic
relationships with plants/trees, exploring the soil for nutrients that they provide to the plant
in exchange for carbon) and parasites (which obtain the nutrients necessary for their growth
and reproduction from a living host at its expense).

The diversity and distribution of macrofungi are strongly associated with the habitat type and the
environmental conditions. However, they are rarely included in management schemes that mainly
focus on the protection of animals and plants. Many fungal species are threatened, but only a few
European countries have produced complete Red Lists. There is notable lack of ecological studies
on macrofungal communities and the effects of biotic and abiotic factors on their population
dynamics (Perez-Rosas et al., 2022).
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The ecology of macrofungi is fundamental for environmental protection and plant productivity. For
instance, they contribute to carbon (C) dynamics through C allocated by plants to mycorrhizal fungi
in soil. Additionally, they degrade organic matter and assimilate C-rich degradation products, acting
as a C sink by retaining C in the soil. Macrofungi are also capable of degrading or transforming a
wide range of harmful substances into less toxic or non-toxic forms through the intricate process of
mycoremediation. A variety of macrofungi species, such as Pleurotus ostreatus, Trametes hirsuta, T.
versicolor, Lentinus tigrinus, Lentinula edodes etc., are employed as mycoremediators which
through the special metabolic capabilities they exhibit they degrade and detoxify a variety of
contaminants such as pesticides, heavy metals, hydrocarbons and many more (Niego et al., 2022;
Dinakarkumar et al., 2024).

Besides their ecological roles, macrofungi are valuable for humans (Peldez et al., 1995; Pointing,
2001; Pointing et al., 2005; Oberwinkler, 2012; Zotti et al., 2013; Kinge et al., 2020; Lagiotis et al.,
2021). They are nutrient-rich sources of food for humans, provide important feed for animals and
contain metabolites and bioactive compounds traditionally used in medicine. Nowadays, such
compounds are considered to have significant potential for development and application in
numerous industries, including agriculture, biomedicine, cosmetics, pest and waste management,
nutraceutics and biotechnology (bioprospecting) (Fung & Mohamad, 2021). Besides provisioning
ecosystem services, fungi play an important role in several regulating ecosystem services as well
such as water supply (via mycorrhizal fungi) or CO, sequestration and storage, and in cultural
services e.g. recreational activities. Despite their environmental importance, macrofungi are largely
unexplored, and often overlooked in planning processes and policymaking (Niego et al., 2022).

Figure 9. Glistening inkcaps (Coprinellus micaceus) flourishing on the mossy floor of a sitka spruce forest in Ireland.
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Most fungal species face the same threats as animals and plants, often compounded by multiple
synergistic pressures that heighten their risk of local or regional extinction (Mueller et al., 2022).
Addressing these challenges is crucial, and it begins with filling knowledge gaps: there is
considerable potential for discovery in understanding the compositional diversity, community
structure, and population dynamics of macrofungi, and these areas, that are not yet fully explored,
hold great promise for future research.

Understanding the threat assessments and conservation status of macrofungi can provide a
foundation for urgent actions, including: (a) optimising land and habitat management; and (b)
developing and implementing targeted policies to prevent potential extinctions and their associated
ecological impacts (Mueller et al., 2022).

In Europe, the intensification and changes in land-use, along with the enlargement of urban
settlements since 1950, are considered the major causes for the decline of fungi diversity (Senn-Irlet
et al.,, 2007). It is widely known that plant and fungal communities are influenced by forest
disturbances and land use (Bader et al., 1995). Activities that alter vegetation communities, tree
species, composition, and soil factors such as forest management practices or unsuitable human
activities (e.g. illegal logging) confer continuous environmental destruction and deforestation,
posing a major risk to biodiversity loss of macrofungi (Njuguini et al., 2018). Recent studies also
highlight that habitat modification, including fragmentation and conversion to agriculture, can
significantly reduce fungal diversity and disrupt symbiotic relationships essential for ecosystem
health (Ding et al., 2024; Yiallouris et al., 2024). Several countries including the UK, Estonia, Finland,
Lithuania, Norway, Sweden, and Russia use the occurrence of indicator and threatened macrofungi
along with other criteria (e.g., habitat structure, occurrence of other indicator species such as plants
and mosses) to identify the habitat quality and sites of conservation value (Dahlberg et al., 2010).

Some of the main threats identified for the macrofungi in Europe include (Senn-Irlet et al., 2007;
Mueller et al., 2022):

o Decline of forests and loss of suitable habitats: The shortage of old-growth forests, the
decline in the availability of coarse dead wood, and the decrease in the number of veteran
trees are among the negative effects that need to be mitigated to protect biodiversity within
forests (Senn-Irlet et al., 2007; Minter, 2011). Moreover, clear-cutting practices and forest
monocultures contribute to habitat loss and reduce fungal diversity (Durall et al., 2005;
Tomao et al., 2020). Despite grasslands are still rich with many different species of wild
plants and fungi, in many countries, such as the UK, they are considered among the most
threatened habitats because of their decline due to their conversion into cropland, the
intensive management, tree planting etc?®.

e Habitat fragmentation: Although, the influence of landscape factors on macrofungi diversity
patterns remains largely unknown (Mony et al., 2020), habitat fragmentation is suggested
to have negative effects on macromycetes diversity, especially to those with lower dispersal
abilities, with significant variations according to the different trophic groups (Raimbault et
al., 2024). Fragmentation can lead to isolated fungal populations, reducing genetic diversity
and resilience to environmental changes (Berlinches de Gea et al., 2024).

10 https://www.plantlife.org.uk/protecting-plants-fungi/grassland/
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e C(Climate change: The impact of climate change on the structure and function of
macromycetes communities is still unknown, making it difficult to predict their effects on
future landscapes (Bazzicalupo et al., 2022). Rising temperatures and altered precipitation
patterns are expected to shift fungal distributions and phenology, potentially leading to
mismatches with their plant hosts (Karlsson, 2024; Kauserud et al., 2012).

e Further anthropogenic influences/disturbances: Nitrogen deposition, over-fertilization,
over-harvesting, infrastructure and tourism facilities, fire etc. are among the factors that
accelerate environmental change and impact the diversity and population dynamics of
macromycetes. Increased nitrogen levels from agricultural runoff can favour nitrophilous
fungi while suppressing other species, leading to homogenization of fungal communities
(Xiankai et al., 2008; Orumaa et al., 2022; Burrascano et al., 2023).

Understanding of the consequences of habitat degradation and fragmentation for macromycetes
assemblages is a decisive factor for the development of successful conservation strategies (Brown
et al., 2006). Macromycetes overharvesting for commercial or recreational purposes has raised
widespread concern in many European countries about the possible damage to the indigenous
fungal resources (Senn-Irlet et al., 2007).

In many countries legal restrictions have been established for the conservation and the protection
of macromycete populations, especially for the red-listed species (Senn-Irlet et al., 2007; IMPEL,
2024). The interest in fungal diversity and its conservation has continuously increased, and it is
currently the founding element of several European institutions. In this context, in 2022 the Italian
Institute for the Environmental Protection and Research (ISPRA) proposed to the European Union
Network for the Implementation and Enforcement of Environmental Law the project “Joint Network
for wild Fungi (IMPEL, 2024). The main goal of JoNeF was to discuss and propose to the European
Commission a way to integrate fungal conservation into European legislation on nature
conservation and in decision-making processes, to implement a comprehensive conservation
strategy (Dahlberg et al., 2010). As a first step, a questionnaire was prepared by JoNeF members
and was distributed to different European countries. Questionnaire results were the basis for the
development of the practical Guidance for census and monitoring of wild macrofungiin Europe. The
JoNeF project’s first objective has been collecting and curating the information of current national
legislation on fungal protection, conservation and data collection and the existing procedures for
the census and monitoring of macrofungi in Europe. The JoNeF survey revealed that national
environmental legislation related to the conservation of fungi exists only for 15 (out of the 31 that
participated in the survey) European countries, although with a fragmented legal framework and
with different kinds of rules and/or implementation measures. Moreover, the JoNeF survey showed
that most European countries have produced checklists which range from simple lists of species to
annotated checklists with metadata on taxonomy, distribution, threat status etc. (IMPEL, 2024). The
JoNeF survey pointed out the need for updating the existing checklists, improving their quality and
scope. Organising the gathering of information to fill up the gap of legal protection of fungi at
European level seems the greatest challenge.

However, one of the most important barriers to implementing macrofungi conservation initiatives
in most European countries is the lack of knowledge about their geographic distribution or habitat
requirements, occurrence, or abundance. Macrofungi fruit only for a few days of the year, and this
makes it difficult to evaluate the level of their vulnerability and overcome the incertitude of
distinguishing rarity of species from under-sampling and/or data deficiency. This hinders the
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assessment of species’ extinction risk according to IUCN Red List criteria, which are the basis of
prioritisation and conservation actions targeting species.

Currently, ten (10) countries [Austria, Croatia, Denmark, Estonia, Germany, Italy, North Macedonia,
Romania, Sweden, and Switzerland (IMPEL, 2024)] have fungal Red Lists developed using the IUCN
criteria, which represent a recognized international standard for conservation assessments.
However, it is equally important to value all efforts made to assess extinction risk of fungal species,
even if using different criteria and methodologies.

Additionally, the UK has developed a Red List specifically for Boletes, though this was not included
in the JoNeF Survey Report (IMPEL, 2024).

In Latvia, macrofungi species have also been evaluated using IUCN criteria, and a new Red List, along
with an updated list of protected species, is expected to be released soon.

In Poland, where the last edition of the Red List of fungi was based on older IUCN criteria, the work
on the update has just recently begun.

Nevertheless, there is significant variability in the number of evaluated species, which ranges from
13 (ltaly) to 4,450 (Austria) (IMPEL, 2024) and highlights the importance for collecting data on
distribution and population trends at the European level. The legislative context for macrofungi
conservation in Ireland is still developing. While there are general conservation measures in place
for habitats and biodiversity, specific actions targeted at macrofungi are limited (O’Hanlon &
Harrington, 2011). Recent initiatives have begun to focus more on the importance of fungi, but
comprehensive national strategies and detailed Red Lists are still lacking. Collaborative efforts
across European countries and the incorporation of fungal conservation into broader biodiversity
policies are needed to enhance the protection of macrofungi in European countries where such
conservation policies are lacking.

Red Lists for macrofungi are available for 19 out of the 31 European countries that responded to the
JoNeF survey. Some of the most recent Red Lists (such as those from Serbia, Slovenia and
Netherlands) did not employ the IUCN criteria, whereas some of the outdated Red Lists were also
not based on current IUCN criteria for the evaluation of species (IMPEL, 2024).

In Greece, an official Red List based on the IUCN criteria was announced in May 2024. The Red List
was based on all diversity data available for macrofungi in Greece. These included both published
records and identified specimens maintained in public and private fungaria. Population trends are
in any case hard to assess since long-term monitoring data are needed for the habitats under study.
This outcome points out the necessity for the establishment of policies which can be implemented
at both national and European levels and the gathering/collection of comparative data among
different European countries.
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Figure 10. Phaeolepiota aurea in Frakto Forest, Greece (Photo: Vasileios Vougiatzis).
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Figure 11. Hymenopellis radicata in Mount Olympus, Greece (Photo: Vasileios Vougiatzis)




Figure 12: Clavariadelphus pistillaris in Mount Olympus, Greece (Photo: Vasileios Vougiatzis)
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Strategies for the conservation of macrofungi are urgently needed due to their vital ecological role
and their significant economic importance (Zotti et al., 2013).

Macrofungi are often excluded from conservation plans because there is insufficient data to
demonstrate population declines over time (Bazzicalupo et al., 2022). Furthermore, our
understanding of the ecology and basic biology of macromycetes - including their geographic range,
host range, associations with plants and other organisms, diversity of life cycle stages, soil
preferences, geoclimatic requirements, and habitat specificity - remains limited and fragmented
(Osmundson et al.,, 2013). However, despite these knowledge gaps, we know enough to take
meaningful action. It is crucial to: (a) compile and synthesise the scattered information, (b)
implement urgent actions and targeted policies to protect fungi, and (c) optimise habitat
management by incorporating measures that enhance fungal diversity and mitigate threats to
macromycetes.

The 3F (Flora, Fauna, Funga) initiative!! has been adopted globally to refer to life on Earth and aims
to acknowledge the existence and the importance of fungi (macro- and micro- or filamentous) in
governmental decisions. This initiative aims to write this neglected kingdom of life into conservation
and agricultural policy frameworks, protect it under international and domestic laws, and unlock
crucial funding for mycological research, surveys and educational programs.

The conservation of macrofungi is hampered by important knowledge gaps, which can be
summarised in the following list:

e Basic taxonomic knowledge remains incomplete in certain areas, particularly with respect to
the availability of DNA sequence data for type material. While many species have been
described, gaps persist in the comprehensive documentation of certain fungal groups,
especially for those with limited taxonomic attention or for cryptic and morphologically
similar species.

e There is a need to link genetic diversity to functional and ecological diversity (Lofgren and
Stajich, 2021).

e Data on the diversity and dynamics of macromycete communities vary widely across
European countries. While some regions have substantial datasets, others lack
comprehensive or consistent monitoring efforts, particularly regarding long-term studies
and the inclusion of underexplored habitats.

e Most European countries lack official checklists and Red Lists.

e The ecological services provided by macromycetes, such as nutrient cycling, decomposition,
and symbiotic interactions, are well-documented. However, there is still a need to deepen
our understanding of how these services vary across specific habitats and how
environmental changes impact their functioning and effectiveness.

e Data on decline in the production of fruit bodies and shifts on phenology due to changing or
extreme weather patterns and the impacts of climate change on the structure and function
of fungal communities are lacking (Bazzicalupo et al., 2022).

o National data from all the European countries need to be compiled in collaboration to
produce an official European checklist.

11 tfungi.org/eng/conservation/
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e Common European census/monitoring protocols and standards for the collection of
macrofungal data should be established.
e Strategies to minimise habitat destruction and fragmentation are needed.

Until now, fungi have seldom been considered in conservation biology. However, this is changing as
the field shifts from focusing on single species to adopting a more integrative, ecosystem-based
approach (Heilmann-Clausen et al., 2015).

The existing legislation for the conservation of macrofungi varies greatly among European countries
at both national and sub-national level.

In 2023 the questionnaire-based survey developed by the JoNeF project team collected several
pieces of information on conservation of macrofungi in Europe.

A total of thirty-four countries (32 European countries plus USA and Canada) participated in the
questionnaire.

The results of the survey cannot be considered exhaustive or complete but provide a picture of the
state of fungi conservation in Europe and have been summarised and explained in the JoNeF Survey
Report (IMPEL, 2024).

The questionnaire examined the legal context regarding the conservation of fungi and the existence
of lists of protected fungal species in the legislation.

Fourteen (14) countries reported to have national laws specifically dedicated to the conservation of
fungi.

Among those 14 countries, 13 have provided information about law titles, if there is a list of
protected species and how many species are included (Figure 13 and Figure 14) (IMPEL, 2024).

Fifteen (15) countries have national laws dedicated to gathering fungi, with different kinds of rules
(Figure 15) (IMPEL, 2024).
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Figure 13. Countries with national laws that include fungi conservation (data from JoNeF survey report, IMPEL 2024).
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Figure 14. Number of fungal species protected by national law (data from JoNeF Survey Report, IMPEL 2024)*2.
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Figure 15. Countries with legislation on gathering of fungi (data from JoNeF survey report, IMPEL, 2024)%3,

12 Note: The map displays only countries that reported to have national law protecting fungal species. For more
information see the Survey Report.

13 Note: The map displays only countries that reported to have legislation on gathering of fungi. For more information
see the Survey Report.
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The information regarding distribution, biodiversity and conservation of macrofungi is essential to
have effective legislation for fungal conservation, but currently data range from limited to
comprehensive, with some countries having detailed mycological studies while others have very
little information available.

Existing regulations and policies often focus more on ensuring equitable access to the resource than
on establishing conservation measures (Brainerd & Doornbos, 2013). Kotowski (2016) reported that
24 European countries have introduced lists of macromycetes species (mushrooms) allowed for
commerce, with 16 of them creating suitable trade legislations, and seven of them include special
guidelines released by their governments.

Recently, the JoNeF Survey Report showed that 15 countries, out of the 32 that participated in the
guestionnaire, have a national framework for the regulation of gathering fungi and 12 reported that
there is no national regulation. Results clearly stated that most of the countries that have
regulations on gathering of fungi are related to prohibitions that concern either protected species
and/or protected areas. In addition, some countries reported that regulations on gathering fungi
exist only by extension through the regulations for the conservation of animals and plants. Only in
Italy there is specific regulation regarding the collection and marketing of fresh and preserved
epigeal mushrooms (IMPEL, 2024). Moreover, only 8 European countries have a sub-national legal
framework for gathering fungi for personal and/or commercial use (IMPEL, 2024).

Legislation on macrofungi should go beyond regulating the collection of wild species—such as
setting limits on timing, quantities, methods, and permitted habitats—to include proactive
conservation measures aimed at preserving, enhancing, or reintroducing fungal populations and
improving their natural habitats.

A prerequisite for making informed decisions regarding conservation measures is the availability of
adequate data to guide the implementation of the conservation policies (Bazzicalupo et al., 2022).
However, as mentioned earlier, most European countries lack sufficient data for macrofungi, and
they are not included in any conservation plans due to the shortfall in data to demonstrate a
population decline over time. The development of guidelines for planning and monitoring
macrofungi biodiversity should include measurable goals and objectives and a set of core linked
indicators that allows comparisons across all the European countries. In the past, some countries
such as Denmark, Finland, France, Norway, Sweden, and Switzerland have attempted to assess as
many macrofungi species as possible in terms of evaluated species and the proportion of the total
number of macrofungi assessed (Dahlberg et al., 2010). The current IUCN criteria were adapted for
fungal Red Lists by Dahlberg and Mueller (2011) and initiated efforts to identify research needs,
provide more robust estimates of the distribution, frequency and ecology of fungal species and
identify the threats to their existence.

To support the development of conservation policies and legislations, it is essential to provide clear
and concise guidelines which incorporate macrofungi conservation and allow implementation by
the land-managers, and the conservation practitioners (Dahlberg et al., 2010).
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Generally, two main approaches are used for the conservation implementation:

a) assessments targeting specific habitats (e.g. grasslands, woodland key habitats, etc.), and
b) assessments of target species particularly those endemics only to specific regions
(Bazzicalupo et al., 2022).

In Europe, the Habitats Directive has been instrumental in fungal conservation, even if Fungi are not
explicitly protected under this EU policy. This directive mandates Member States to designate
protected areas known as Special Areas of Conservation (SACs) where not only target species are
safeguarded, but also the other species living in those sites, including fungi. For instance, in the UK,
under the Conservation of Habitats and Species Regulations 2017 (S.I. No. 1012 of 2017), fungi are
protected within these designated areas, ensuring their habitats remain intact and conducive to
their survival'®*. Moreover, under Great Britain’s national legislation, 26 protected sites have been
designated in part for their fungi through the Wildlife and Countryside Act 1981. In these sites, fungi
are monitored, and site management is targeted towards them (Focus Box 13).

Efforts to compile lists for IMA (Important Mycological Areas, or Important Mushrooms Areas®?) or
IFA (Important Fungi Areas) have been made by various organisations such as the European Council
for Conservation of Fungi (ECCF). IMA and IFA focus on the ecological importance of specific sites
for fungal biodiversity and contribute to a better understanding of fungal ecology and to the need
for targeted conservation strategies to protect fungi and their habitats. IMA refers to areas that
exhibit exceptional diversity and abundance of fungi and particularly macrofungi, whereas IFA
emphasises the identification of areas which are crucial for the survival of both macro and
microfungi. Under this premise, areas important for macrofungal diversity and biodiversity have
been made only in a few European countries, including the Netherlands, the UK and Croatia
(Dahlberg et al., 2010). However, those compilations may need to be updated - as indicated by the
JoNeF survey - to provide clear and specific guidelines for favourable and unfavourable activities
and practices (such as logging and land development) for the occurrence of fungal species at specific
habitats.

These legislative measures are essential as they provide a legal basis for conservation actions and
underscore the importance of proactive management and preservation efforts to maintain fungal
diversity worldwide. The state of fungal conservation in Europe remains insufficient and needs to
be prioritised to develop a comprehensive conservation strategy. The production of an official
European checklist and the development of a guidance at cooperative level for all the European
countries, incorporating macrofungi into law-making and decision-making processes and
environmental initiatives, is more than necessary for their conservation. JoNeF survey results
indicated the need to ensure fungal conservation and integration of fungal species into
environmental policies.

1 https://www.legislation.gov.uk/uksi/2017/1012/contents
15 http://www.eccf.eu/newsletter12.pdf
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Despite projects and action plans explicitly dedicated to the conservation of fungi in Europe are few,
some initiatives, like the FunDive project!®, focused on fungal diversity and conservation,
demonstrate a growing recognition of the importance of fungi in biodiversity strategies.

The survey conducted in the framework of the JoNeF project highlighted this lack of initiatives,
projects and action plans, both oriented to single species and/or to the habitat for the species. Out
of 31 respondent countries, only five reported about conservation management plans for fungal
species (Estonia), national strategy for nature conservation (North Macedonia), action plans for
mapping distributions and preserving/restoring habitat (Sweden) and other conservation projects
at national scale. In Latvia the project “Life for species”, aimed to improve the conservation of
natural diversity by assessing the vulnerability of wild species and the need for their legal protection,
includes fungi among other organisms (IMPEL, 2024).

Mapping is crucial for effective conservation, offering insights into spatial understanding of species
distribution, habitat requirements and guiding efforts to protect biodiversity. Mapping tools help
identify critical habitats, monitor changes, and prioritise areas for conservation action. While plants
and animals benefit from such initiatives, fungi remain underrepresented, highlighting an urgent
need for dedicated mapping to safeguard these vital organisms and ensure their inclusion in broader
conservation strategies.

In Europe, comprehensive mapping efforts are essential for identifying areas of high biodiversity,
planning conservation actions, and monitoring changes in species populations and habitats.
European mapping for conservation, such as the EU’s Natura 2000 network, helps prioritise areas
for protection and ensures that conservation efforts are targeted and effective. This mapping
informs policymakers, conservationists, and researchers, guiding them in making data-driven
decisions to safeguard biodiversity.

Several forest, marine, and other biodiversity conservation projects are ongoing across Europe,
leveraging mapping and spatial data to enhance conservation outcomes. For instance, the LIFE
Programme?!’ by the European Union funds projects like LIFE Forest CO2, aimed at forest
conservation and climate change mitigation'®, and LIFE Andros Park project!®, which includes work
on the assessment of fungal diversity and conservation through the protection and restoration of
alder habitats in the Aegean Islands.

While the European Union faces a notable shortfall in macrofungi mapping efforts, there are
valuable resources available to address this gap. In the USA, the Fungal Conservation Tracker??
developed by the Fungi Foundation provides a platform for monitoring fungal conservation efforts.
Additionally, the Micheli Guide to Fungal Conservation?!, maintained by the International Society
for Fungal Conservation, evaluates national biodiversity action plans and reports from a fungal

16 https://fun-dive.eu/
Vhttps://cinea.ec.europa.eu/programmes/life en

18 hitps://lifeforestco2.eu/life-forest-co2-project/?lang=en
19 http://www.life-androspark.gr/en/

20 https://fungalconservationtracker.ffungi.org/

21 http://www.fungal-conservation.org/micheli.htm
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perspective, covering many European countries. These tools can serve as models or support for
enhancing fungal conservation initiatives within the EU.

Despite their ecological significance, fungi have historically received less attention in conservation
planning compared to plants and animals. This gap highlights the need for dedicated mapping and
conservation initiatives for macrofungi to ensure their protection and to integrate them more fully
into broader biodiversity conservation strategies. Efforts such as the ECCF (European Council for the
Conservation of Fungi) Mapping Programme (Fraiture & Otto, 2015) are pivotal, but more
comprehensive mapping and targeted conservation actions are urgently needed.

The European Council for the Conservation of Fungi (ECCF) was founded in 1985 at the 9th Congress
of European Mycologists in Oslo, Norway, in response to concerns among mycologists about the
decline of certain fungal species on the continent. In 2003, the ECCF became the conservation body
of the European Mycological Association (EMA) and was recognised by the International
Mycological Association (IMA) as the fungal conservation representative for Europe. Notable ECCF
efforts included the preparation of a list of 33 fungi for inclusion in the Bern Convention (without
success, unfortunately), the mapping programme that resulted in the study of the distribution of 51
species, as well as their ecology and conservation status in Europe (Fraiture & Otto, 2015), and the
European Red List of Fungi initiative in collaboration with IUCN (ongoing). From 2020, the ECCF acts
as the European hub for the IUCN SSC Fungal Conservation Committee??. As an informal network of
volunteers, the ECCF relies on the engagement of its members and is currently more active around
Red List activities and workshops.

The European Mycological Association (EMA) is a regional not-for-profit and non-party political
association of individuals (amateur or professional) and organisations (public or private) with an
interest in European fungi, including local, national and regional mycological groups and societies?.
The EMA organises the Congresses of European Mycologists and serves as the Committee for Fungi
in Europe within the International Mycological Association. The EMA works within Europe for the
following objectives: to promote the study of fungi; to disseminate knowledge and information
about fungi; to promote the conservation of fungi (for example through the ECCF); to promote
socially responsible handling of fungi (for example in medicine, plant and animal pathology,
guarantine and pharmaceutical research); to establish and foster relations between those working
towards such objectives, through meetings, electronic media, publications, and by promoting
personal contacts, collaboration and the exchange of ideas and information; to improve the
infrastructure of mycology within Europe; to provide European-level input to the International
Mycological Association, and other international bodies and initiatives.

22 https://www.iucn-fungi.org/
23 http://www.euromould.org/
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JoNeF — Join Network for wild Fungi

JoNeF is an IMPEL Network project established to create a collaborative network of professional
mycologists across European countries. This initiative focuses on disseminating information to
decision-makers and policymakers while promoting conservation actions to protect fungi in their
natural habitats (Figure 16). JoNeF produces comprehensive reports and organises events and
activities that engage mycologists, researchers, and policymakers in fungal conservation efforts.
These events serve as valuable platforms for knowledge exchange and collaboration, strengthening
the network of fungal conservation advocates across Europe. By highlighting the ecological roles
and benefits of fungi, JoNeF raises awareness of their importance and the urgent need for their
protection.

JoNeF Project Objectives
- Expand the scope of European environmental legislation to incorporate fungi into habitat and
biodiversity monitoring efforts.

- Advocate for the inclusion of fungal species within the framework of the Habitats Directive.

Outcome
Incorporation of fungal conservation into EU-wide environmental policies.

NMD, & scientific
Joint Network / publications

for wid Fung/

Non-legislative
drivers include
IUCN, FFF, EMA,
open letter EFI,
AN \

Stakeholders
European countries
Environmental Institutions
Government Departments
Private entities

Universities
Citizens

Figure 16. Schematic representation of the JoNeF project

Case Studies of Successful Conservation Projects

Several successful conservation projects across Europe highlight the effectiveness of targeted
efforts to protect fungi.

One notable example is the conservation of the wood-decay fungus Fomitopsis rosea in Finland. This
project involved habitat restoration, the creation of deadwood structures, and the protection of
old-growth forests, resulting in a significant increase in the species’ population (Komonen et al.,
2021).

Another case is the Lost and Found Fungi (LAFF) Project in the UK where 100 rarely recorded species
were selected for targeted survey through citizen science engagement. This project led to
approximately 1400 records for around 80 LAFF species including the rediscovery of several species
not seen in more than 50 years, the description of species new to science, as well as targeted
management advice to landowners. As a result of the rediscovery of Hypocreopsis lichenoides in
Scotland, efforts are underway to conserve the species. These projects demonstrate the importance
of habitat management, research, and community involvement in fungal conservation.
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Data Collection and Monitoring Efforts Around Macrofungi

Robust data collection and monitoring efforts are crucial for understanding the status and trends of
macrofungi populations. In Europe, various initiatives are in place to gather data on fungal diversity
and distribution. This topic will be discussed extensively explicitly in chapter 3 of this guidance.

Engaging stakeholders and local communities are vital for the success of fungal conservation
initiatives. Effective engagement involves raising awareness about the ecological roles of fungi, the
threats they face, and the benefits of their conservation. Educational programs, citizen science
projects, and community-led monitoring initiatives are effective ways to involve the public. For
example, the Danish Fungal Atlas project engages volunteers in recording fungal occurrences,
contributing valuable data for conservation planning. Collaboration with landowners, forestry
managers, and policymakers ensures that conservation measures are practical and widely
supported (Heilmann-Clausen et al., 2021).

In February 2021 the Italian Institute for Environmental Protection and Research (ISPRA)?* launched
the Network for the study of mycological diversity (NMD)?> with the goal of compiling, organising,
and publishing surveys, samples, and data on fungal species found in Italian habitats into a single
national database.

The NMD operates as a network system that integrates human and technological resources to
conduct a nationwide census and monitoring of macromycetes, focusing on:

- Advancing research, data collection, analysis, and communication on the protection of mycological
biodiversity through innovative management solutions under an open science initiative

- Providing tools for collaboration among participants in the network and establishing shared
scientific standards for operation

- Offering stakeholders a unified national knowledge base to guide policy making for the protection
and conservation of fungal communities, especially in light of climate change and its impacts.

Integrating fungal conservation into broader ecosystem management practices is essential for
holistic biodiversity conservation.

Fungi play critical roles in nutrient cycling, soil health, and plant symbiosis, making their
conservation integral to ecosystem functioning. Approaches such as sustainable forestry, habitat
restoration, and protected area management should incorporate fungal conservation
considerations. For instance, leaving deadwood in managed forests supports saproxylic fungi, while
protecting mycorrhizal fungi is crucial for forest health. A recent study in Greece showed that fungal
diversity of saprotrophic and xylotrophic fungi is significantly higher in undisturbed sites (such as
sacred) because of the old trees they hold compared to the managed coppice forests; moreover,
the study indicated that mycorrhizal fungi show remarkable incidence in both sacred (undisturbed)

24 https://www.isprambiente.gov.it/en/istitute
2 https://ndm.isprambiente.it/en/homepage-english/
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and managed coppice forests (Diamandis et al., 2021). Ecosystem-based management strategies
that consider the needs of fungi alongside other biota contribute to resilient and functioning
ecosystems.

According to the Kew’s State of the World Plant and Fungi®®, “all yet undiscovered fungi should be
considered as threatened”. This statement drives the directions and the priorities which are
essential for advancing macrofungi conservation in Europe. These include:

e Enhanced Research and Monitoring: Continuing investment in research to fill knowledge
gaps about fungal diversity, ecology, and threats. Improving monitoring programs to track
population trends and the effectiveness of conservation measures.

e Policy Integration: Strengthening the integration of fungi into national and international
conservation policies and frameworks. Advocating for the inclusion of fungi in biodiversity
assessments and conservation funding.

e Climate Change Adaptation: Addressing the impacts of climate change on fungal habitats
and populations through adaptive management strategies.

e Habitat Protection and Restoration: Prioritising the protection and restoration of critical
fungal habitats, including old-growth forests, grasslands, and wetlands.

e Public Engagement and Education: Expanding public engagement efforts to build a broader
base of support for fungal conservation. Promoting citizen science and community
involvement in monitoring and conservation activities.

e Collaborative Networks: Strengthening collaboration among mycologists, conservationists,
policymakers, and stakeholders across Europe to share knowledge and resources and
coordinate conservation efforts.

These directions will ensure that fungal conservation becomes an integral part of biodiversity
conservation efforts in Europe, safeguarding these vital organisms for our planet and future
generations.

JoNeF has initiated this collaborative effort to unite individuals working with macrofungi across
Europe to achieve common conservation goals. This approach is crucial for implementing effective
conservation actions for macrofungi throughout the continent.

The following Focus Box 1 explores the Bern Convention's historical gap in addressing fungal
conservation, highlighting initiatives like the European Charter on Fungi-Gathering and Biodiversity
and the role of projects in promoting fungi conservation practices and addressing legislative
shortfalls.

26 https://www.kew.org/science/state-of-the-worlds-plants-and-fungi
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Focus Box 1: From the Bern Convention to European Fungi Conservation
Initiatives

Authors: Panagiotis Madesis, Dheeraj Singh Rathore, Eleni Topalidou

Affiliations: see Annex |

The Bern Convention, formally known as the Convention on the Conservation of European Wildlife
and Natural Habitats, stands as a crucial international treaty aimed at safeguarding Europe's
biodiversity?’. Enforced since 1982, the convention focuses on protecting wild flora and fauna, with
a particular focus on endangered and vulnerable species, including their habitats, across its member
states?®. It emphasises the need for international cooperation in the conservation of species and
their habitats across national borders.

Under the Bern Convention fungi are no longer treated as an obscure subset of "lower plants” but
recognised as their own kingdom with an extraordinary diversity?®; however, fungal species have
been historically overlooked, in both the appendices of the Bern Convention and other key
legislation, such as the Council Directive 92/43/EEC on the conservation of natural habitats and wild
fauna and flora (Habitats Directive).

The European Charter on Fungi-Gathering and Biodiversity3?, building on the Bern Convention,
seeks to fill this gap by promoting sustainable fungi gathering practices and raising awareness about
the ecological importance of fungi. Although no fungal species are currently listed under the Bern
Convention, the European Council for the Conservation of Fungi (ECCF) has played a key role in
addressing this oversight. In 2007, the ECCF reviewed the status and threats of 33 species, listed by
the IUCN as endangered, in a report for the Standing Committee. The findings of this review helped
shape Recommendation No. 132 (2007), which urged member states to implement stronger
conservation measures for fungi in Europe.

Despite fungi being historically underrepresented in conservation actions due to insufficient
knowledge of their ecology, taxonomy, and conservation status, awareness of declining fungal
populations has grown significantly in recent decades. Habitat loss, degradation, and nitrification
are major threats to fungal biodiversity in Europe. The "Declaration of Cordoba" (World Fungi
20073%) and the "Guidance for the Conservation of Mushroom in Europe" (Senn-Irlet et al., 2007)
have been instrumental in promoting better protection and management of fungal species, laying
the groundwork for the European Charter on Fungi-Gathering and Biodiversity (Brainerd & Doornbos
2013). This Charter provides practical guidance to ensure that the gathering of fungi is conducted
sustainably, balancing human use with the protection of fungal habitats and biodiversity. Projects
like JoNeF are critical in this context, as this highlights the lack of legal frameworks and conservation
efforts for fungi, addressing their ecological importance and the need for focused, sustainable
conservation strategies.

27 https://www.coe.int/en/web/bern-convention

28 https://www.coe.int/en/web/conventions/full-list?module=treaty-detail&treatynum=104

2 https://www.coe.int/en/web/bern-convention/on-the-conservation-of-plants

30 https://rm.coe.int/1680746764

31 World Fungi 2007 is the 1st World Conference on the Conservation and Sustainable Use of Wild Fungi (Cordoba,
Spain, 10-16 December 2007): http://www.cybertruffle.org.uk/whitbymycosynod/decofcor.pdf
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3. Macrofungal Monitoring and Assessment Initiatives in Europe

Authors: Stephen Mifsud, Francesca Floccia, Livia Kisne Fodor, Katerina Rusevska, Celeste Santos-
Silva, Susana Gongalves, lzabela Katucka

Affiliations: see Annex |

“FUNGI ARE THE FIRMAMENT OF
LIFE ON EARTH. THEY MAKE
SYSTEMS ECOSYSTEMS.”

Giuliana Furci, founder and director of Fungi
Foundation

Monitoring and assessment are indispensable for ensuring that strategies for species conservation
are effective, responsive, and sustainable. They provide the feedback necessary to adapt and
improve conservation practices, leading to better protection and preservation of biodiversity and
natural ecosystems.

There are many definitions of monitoring, depending on the area of interest. Particularly,
concerning environmental protection, United Nations Economic Commission for Europe (2016)
define it as “Environmental monitoring is a tool to assess environmental conditions and trends,
support policy development and its implementation, and develop information for reporting to
national policymakers, international forums and the public”3?.

Macrofungal monitoring and assessment initiatives in Europe are critical for understanding and
conserving the diverse and ecologically significant fungal species found across the continent. In
addition, the conservation of macrofungi is more crucial since they are often neglected in
conservation compared to plants and animals, as discussed below. These initiatives are usually
driven by a combination of national programs, research institutions, and citizen efforts, and are
essential for tracking the health of ecosystems and informing conservation policies.

The JoNeF survey was primarily carried out in European countries, with questions focused on
national and subnational (local and regional) levels.

In the field of conservation and data collection, local initiatives are often focused on specific species
and habitats, instead, regional ones aim to manage ecosystems. On the other hand, national
programs prioritise policy development and comprehensive conservation planning, and, at least,
global initiatives address transboundary issues and large-scale environmental change.

32 https://unece.org/environmental-
monitoring#:~:text=Environmental%20monitoring%20is%20a%20tool,international%20forums%20and%20the%20pub
lic
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This chapter focuses primarily on national initiatives, whereas sub-national ones are also
documented in the JoNeF Survey Report (IMPEL, 2024).

Biodiversity plays an important role on Earth, for healthy ecosystems and everyday human life. Fungi
are a diverse group of organisms that play crucial environmental functions, but also have numerous
human applications. Therefore, the knowledge of fungi and mycodiversity is of particular
importance for the sustainability of healthy ecosystems, as well as for human life.

In the framework of JoNeF project, a survey concerning the most important questions for the
knowledge of mycodiversity, fungaria, databases, monitoring etc. from approximately 30 countries
(number varies slightly depending on questions) was performed.

There are several types of institutions specialised in the conservation and data collection of fungiin
countries from Europe, such as universities, institutes, governmental institutions, associations or
NGOs.

National data resources on macrofungi are crucial for the inventory and effective conservation of
fungi. They provide the essential information needed to understand fungal diversity, monitor
population trends, identify threatened species, support habitat conservation, and develop informed
conservation strategies. Investment and utilisation of these resources enhance the protection of
fungal species and the critical roles they play in maintaining healthy ecosystems and associated
ecosystem services.

Fungi are among the most diverse groups of organisms where some 2.5 to 5 million species are
estimated to occur on Earth (Niskanen et al., 2023, Gautam et al., 2022), yet they are often
underrepresented in biodiversity studies and only a fraction are described. National data resources
help catalogue and document the wide range of fungal species present across different countries
and ecosystems.

Monitoring initiatives and long-term surveys are vital for gathering data on the population trends of
fungal species. By tracking changes in population sizes, distributions, host associations and threats
over time, scientists can identify species that are in decline, whether due to habitat loss, pollution,
climate change, or other threats, especially of anthropogenic origin.

Comprehensive data collection through national macrofungal resources also helps identify species
that are rare, declining rapidly and restricted to a small geographical area (sometimes endemic),
which may require targeted conservation measures to prevent extinction. Fungaria, which are
repositories of preserved specimens, also play a key role by providing physical evidence and
reference material for species identification and occurrences, hence further aid in conservation
assessments including habitat restorations.

Fungi often have specific habitat requirements - sometimes host-specific, and their qualitative and
guantitative occurrences can indicate the health of natural environments, from a specific natural
habitat to an entire ecosystem. By using national data resources to map fungal distributions,
conservation scientists and stakeholders can identify key habitats that need protection. Protecting
these habitats not only conserves the fungi themselves but also the broader ecosystem services
they support.
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It is important to note that accurate and comprehensive fungal data are essential for developing
effective conservation strategies. This data provides the scientific foundation needed to design
conservation plans, set priorities, and allocate resources effectively.

According to the JoNeF Survey Report (IMPEL, 2024), several countries have national-level data
collection initiatives for fungi (see Figure 17). These programs vary in scope, with some
concentrating exclusively on fungi, others integrating fungal data within broader information
systems that manage various types of biotic data. Specific programs collect data on all macrofungal
species and are employed to create checklists, while others focus on specific groups, such as
protected or endangered species, and are used to compile Red Lists. However, it is important to
note that the respondents to the survey did not always provide precise or exhaustive information
on such programs, which may affect the completeness of the reported maps.

Specifically, in Greece, which is noted as "NA" in Figure 17, several collection initiatives focusing
exclusively on macrofungi have been (or are currently being) implemented. These include activities
in protected areas such as the National Parks of Samaria and Western Crete, the Prespes area in NW
Greece, the Aegean islands, and elsewhere, notably within the framework of the 'FunDive' project.

¥ %

Are there data collection initiatives

on a national scale?

B Yes
B No
1 NA

Created with mapchart.net
Figure 17. Map of countries with reported national-scale data collection initiatives and/or projects on fungi (source:
IMPEL, 2024).

Data collection programs initiated by associations play a crucial role in fungal conservation. Data
collection programs and initiatives are present in most responding countries and are driven by
volunteer-based citizen science, with 84% of surveyed countries reporting active citizen science-
based data collection on fungi.
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Associations and groups often lead local efforts that fill critical knowledge gaps, particularly in
underrepresented regions or habitats. These projects foster collaboration among scientists,
conservationists, policymakers, and the public, enhancing conservation efforts and building a strong
network of fungal conservation advocates.

Concerning best practices in data collecting and sharing for mycodiversity observations, several
principles guide effective and ethical data management. These principles are particularly relevant
for Europe, where biodiversity data is increasingly made open source through collaborative
platforms. The JoNeF Survey Report (IMPEL, 2024) outlines several of those practices and
summarises their enforcement in several European countries.

The essential key points are:

1) Standardised Protocols: The presence of official and/or national protocols for data collection
ensures more reliable and high-quality information. Only nine countries reported having such
protocols, which are essential for maintaining consistency and accuracy in data collection (Figure
18).

2) Citizen Science Initiatives: Public engagement through citizen science projects has proven
effective for data recording: 84% of responding countries indicate the existence of citizen science
programs for fungal data collection, however not all countries have national-level initiatives.

3) Centralised Databases: Centralised databases or information systems for organising fungi data
facilitate better data sharing and accessibility. Thirteen countries reported having such systems, but
only ten utilize fungal indicators to evaluate habitat quality and conservation status.

4) Online Accessibility: Making databases available online is crucial for enhancing transparency and
collaboration in conservation efforts. Only five countries have a national checklist freely accessible
to the public online. Although, there are several regional macrofungal lists for many European
countries, available in online journal articles.

Notable examples of open-source databases including fungi are the Global Biodiversity Information
Facility®3 (GBIF), one of the largest open-access biodiversity repositories and databases in the world,
including significant fungal data from European sources. It aggregates data from various sources
(research institutions, museums, mycological publications, etc.), and citizen science projects, like
the Research Grade observations from iNaturalist3*, the largest citizen science platform for
biodiversity recording around the world.

33 https://www.gbif.org/
34 https://www.inaturalist.org/
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Figure 18. Map of countries reporting official and/or national protocols or methods for field data collection (source:
IMPEL, 2024).

MycoBank3> maintains a comprehensive database on fungi, focusing on nomenclature and species
descriptions. Similarly, Species Fungorum Plus3® is a project to produce an effectively complete
global checklist of organisms belonging to the kingdom Fungi and organisms that were previously
included in the fungi but are now classified in other branches of the tree of life; it is built on top of
the global fungal nomenclator Index Fungorum, which is also a major source of names for the GBIF
taxonomy backbone. These databases are essential for taxonomic research on fungi.
Observation.org®’ is a platform designed for registering biodiversity observations, including fungi,
across Europe; linked to the app ObsMapp (available on Android and i0OS), it has a strong focus on
European species and offers offline recording capabilities. PlutoF®® is a cloud-based platform used
by researchers to manage, analyse, and share biodiversity data, with a strong emphasis on
mycology. Its associated App, called PlutofGo, allows easy data entry. An example of an open,
curated, national-scale fungal database operating on a voluntary basis is Atlas grzybéw [Mushrooms
and Fungi of Poland]®*. Apart from descriptions, photographs and notes on most of the
macromycetes found in Poland, it contains the system of gathering new records of protected and

35 https://www.mycobank.org/

36 The Catalogue of Life Partnership: Species Fungorum Plus http://www.catalogueoflife.org/ ;
https://www.speciesfungorum.org/

37 https://observation.org/

38 https://plutof.ut.ee/

39 https://www.grzyby.pl/index.html
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threatened fungi reported by citizen scientists, with exact locations, pictures and identification of
fungal species confirmed by mycologists and documented with fungarium voucher collections.

To summarise, best practices in fungi data collection and sharing in Europe emphasise free access,
standardisation, and collaboration between citizen scientists and researchers. Several European
countries lead by example with platforms and databases that ensure data is accessible, high-quality,
and widely used for biodiversity conservation. Apps like iNaturalist and Observation.org that feed
into GBIF play central roles in democratising fungi data accessibility across the continent.

The assessment of data on fungi through maps, indicators, and trends provides essential insights
into their distribution, roles in ecosystems, and responses to environmental change. While
significant progress has been made in understanding fungal biodiversity and its impacts, ongoing
research and technological innovations are crucial for improving the ability to monitor and manage
fungi, particularly in the face of climate change and global biodiversity loss.

Mapping the distribution of fungi is essential for understanding their ecological roles and
biogeography. Maps are usually generated from field surveys, satellite imagery, and herbarium
records and are essential to provide spatial information about fungal species across different
ecosystems. For instance, the mapping and recording database operated by GBIF is the main source
for IUCN assessments to categorise species’ Red lists.

Based on the JoNeF Survey Report (IMPEL, 2024), about half of the 32 countries that answered the
survey have a central database and/or an information system for organising the data concerning
fungi. In the other half there is an effort to make it or use some other options, like using data from
GBIF* or iNaturalist** (see Figure 19). Fungi can act as indicators of ecosystem health.

In the JoNeF Survey Report, 10 out of 32 countries reported using fungal indicators to analyse the
guality and conservation status of a habitat or area. Some indicators are not official or are included
in other documents (such as the National Biodiversity Strategy or the Natura 2000 system); others
have been developed for selected habitats. For example, the proportion of protected species and
the proportion of red-listed species are instruments that can help support the expert judgement
regarding the conservation status (Figures 20, 21).

In Hungary, in the monitoring protocols there are used several indicators like trends in species
number, fruit bodies number (abundance), diversity indexes, functional spectrum, proportion of
protected species, proportion of red-listed species.

40 GBIF is the Global Biodiversity Information Facility: https://www.gbif.org/
41 iNaturalist is a Community for Naturalists: https://www.inaturalist.org/
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Figure 19. Map of countries with a central database and/or information system for organizing fungal data (source:
IMPEL, 2024).
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Figure 20. Map of countries reporting the use of indicators to display fungi monitoring results and evaluate trends in
fungal species and communities (source: IMPEL, 2024).
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Figure 21. Map of countries reporting the use of indicators to assess the quality and/or conservation status of habitats
or areas (source: IMPEL, 2024).

As fungal populations are often highly sensitive to environmental fluctuations, long-term monitoring
of species and communities is key to identifying trends related to climate change, land-use changes,
and human activities.

Despite the growing availability of data on fungi, several challenges remain because fungal diversity
is vast and poorly documented compared to other kingdoms like plants and animals. Moreover,
many fungi are cryptic or have life stages that are difficult to detect, making field surveys
challenging. Plus, some species do not produce fruiting bodies every year. Finally, the lack of
standardised protocols for collecting and reporting fungal data hinders the ability to compare
studies across different regions and time periods.

3.4. Application of data: national checklists and Red Lists

Accurate scientific understanding of biodiversity distribution is crucial for effective nature
conservation and the sustainable management of natural resources. Species checklists are
important tools for taxonomy and ecology and are necessary for distribution research and making
conservation plans. They also serve as a foundation for legislation concerning protected species.
Due to their dynamic nature, checklists require continuous updates as new species are discovered,
or changes in the species distribution occur, or some taxa need to be updated or corrected according
to new research and taxonomical reviews. Fungal checklists are essential for understanding national
mycobiota. Preparing complete national fungal checklists is still a challenge in many countries due
to several factors, like their huge diversity, identification difficulties, and cryptic nature (e.g. fungi
producing very small fruitbodies or hypogeous fruitbodies), the increasing need to perform
molecular analysis for determination, and the small number of mycologists, as well as, citizen
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scientists when compared to those who study plants and animals. Several initiatives such as GBIF*?,
iNaturalist*?, Biodiversa+** and FunDive*® are fundamental in the process of creating checklists and
providing distribution data for Red List assessments.

Considering the current state of national fungi checklists that are based on the JoNeF survey report,
only 18 of 31 European countries have published checklists for macrofungi, four of which are
provided on online database platforms (Figure 22). Some of the lists are not updated and there is a
difference in the content of selected species/groups. During the period of the questionnaire, Latvia
and Iceland remarked that their checklist is in preparation, although the latter has published the
checklist of Latvian macrofungi in 202446,

Red Lists rely heavily on regional and national species checklists, which serve as their foundation.
Since only a limited number of countries have comprehensive checklists, the status of Red Lists
reflects a similar pattern. Currently, 19 countries have Red Lists; however, many are outdated, with
some remaining unrevised for over 20—-30 years. Furthermore, only 10 countries have compiled their
Red Lists following IUCN criteria. It is important to highlight the significant variation in the number
of species evaluated across these national Red Lists.

Official national checklist or database
Checklist in preparation

Partial checklist

No checklist %\i}
NA

EEEEE

Created with mapchart.net ‘ ®

Figure 22. Availability and status of national fungal checklists in Europe (source: IMPEL, 2024)%.

42 GBIF—the Global Biodiversity Information Facility: https://www.gbif.org/

3 https://www.inaturalist.org/

4 https://www.biodiversa.eu/

4 https://fun-dive.eu/

4 https://www.silava.lv/images/articles/Latvijas-Vegetacija/2024-34/2024-LatVeg-34.pdf

47 Note on Figure 23: Figure 23 is not accurate with respect to Greece. There are published checklists for macrofungi
(Basidiomycota and Ascomycota), such as Zervakis, G., Dimou, D., and Balis, C. (1998). A checklist of the Greek
macrofungi, including hosts and biogeographic distribution: I. Basidiomycotina. Mycotaxon 66, 273—-336, and Zervakis,
G., Lizon, P., Dimou, D., and Polemis, E. (1999). Annotated checklist of the Greek macrofungi: Il. Ascomycotina.
Mycotaxon 72, 487-506. In addition, an updated national checklist is currently under preparation, highlighting
ongoing efforts in fungal biodiversity documentation in Greece.
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Monitoring is essential for understanding biodiversity trends and guiding conservation actions.
While meaningful results require consistent, long-term data collection, fungal monitoring faces
practical challenges such as ensuring continuity, stable funding, and institutional support.

The “general indicator” theory (Juhdsz-Nagy, 1986) underpins biodiversity monitoring, stating that
living organisms and their attributes, as occurrence, abundance, and interrelationships, reflect
environmental limiting factors. Trend monitoring identifies population and community dynamics,
providing baselines for detecting anomalies. Early detection enables more effective and cost-
efficient interventions.

Reliable comparisons across time and space require standardized methods for data sampling,
analysis, and assessment. Biodiversity monitoring informs decision-makers and the public, offering
a foundation for conservation and sustainable management by tracking species, habitats, and
threats over time.

Monitoring and long-term observation of biodiversity is not only a requirement of the Convention
on Biological Diversity but also a priority task in the European Union. The implementation of the
nature directives, including the Directive on the Conservation of Wild Birds (79/409/EEC), and the
Directive on the Conservation of Natural Habitats and of Wild Flora and Fauna (92/43/EC), aim to
preserve the natural heritage and biological diversity of Europe through the conservation of species
and habitats of Community importance. Under Article 17 of the Habitats Directive, the conservation
status of species (lichens, mosses, higher plants, animals) and habitats of community importance
must be continuously monitored and reported every six years to the European Commission.

Fungi are not explicitly mentioned in these Directives, highlighting that their conservation is not
being given importance. Yet, as mentioned above, they play an essential role in ecosystem
processes.

In 2003, on behalf of the ECCF, Sweden proposed 33 fungi species to Annex | of the Bern Convention
(Convention on the Conservation of European Wildlife and Natural Habitats). However, the proposal
was withdrawn as it did not receive the backing of most of the European Union States (Report of
Standing Committee, 2003). The main reason was that the Annex included commercial species and
species which were frequent in some regions*®. In 2007, the Bern Convention released a
recommendation [No. 132 (2007)] on the conservation of fungi in Europe [Senn-Irlet et al., 2007, T-
PVS (2003) 24%°]. Later, the convention released another document concerning fungi, about the
gathering of macrofungi under the title: European Charter on fungi-gathering and biodiversity
(Brainerd & Doornbos 2013).

48 CONVENTION ON THE CONSERVATION OF EUROPEAN WILDLIFE AND NATURAL HABITATS. Standing Committee 23rd
meeting. Strasbourg, 1st-4 December 2003. Comments on the proposal to include 33 fungi species to the Appendix .
4 T-PVS (2003) 24 is the report of the 23rd meeting of the Standing Committee of the Bern Convention, held from 1 to
4 December 2003: https://rm.coe.int/0900001680928e73
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Monitoring fungi presents significant challenges due to difficulties in detecting them in the field and
accurately identifying them at the species level. The special lifeform, the small size of sporocarps
(fruiting bodies) of many species, the ephemeral occurrence (often just a few days) due to their
weather-dependence and the difficulties in the examination of material all contribute to some
challenges that naturalists and collectors face during monitoring in the field. The sporocarps of ink-
cap fungi last a few hours to a few days; bonnet mushrooms and some genera of cup-fungi are less
than 5mm wide; truffles grow underground in the soil; and some bracket fungi are located high on
trees. These are only a few examples to demonstrate the difficulties in monitoring macrofungi,
which traditionally are identified on gross morphology and using powerful microscopes with special
staining techniques. In addition, species may not fruit every year depending on nutrient availability
and climate conditions. Without fruiting, these species can remain hidden for decades.

In the last few decades, accurate identification of fungi has been assisted by molecular analysis,
which provides a more representative picture of the fungal community present. However, this
approach requires funds and resources which are rarely accessible to all data collectors, e.g. citizen
scientists. Hence, it is not feasible to conduct molecular surveys on a large scale, and identification
of sporocarps by classical means for now remains the most viable method of monitoring that
requires reasonable effort and can be conducted to encompass most fruiting species within large
areas. Furthermore, fruiting and production of spores are important for the long-term survival of
fungal species as they represent the sexual reproductive structures of the species. Thus, sporocarp
surveys over time are suitable to evaluate the reproductive fitness of fungal populations (Senn-Irlet
et al.,, 2007). For the purpose of assessing species' extinction risk, sporocarps are considered
functional individuals, aligning with the IUCN Red List concept of mature individuals (Dahlberg &
Mueller, 2011).

However, recent advancements offer promising opportunities. Over the past decades, molecular
techniques have revolutionized fungal identification, enabling a more comprehensive and accurate
picture of fungal communities. While mycologists working on fungal diversity, taxonomy, and
phylogenetics generally possess both the necessary skills and strong interest in their field, the main
challenges lie in their relatively low numbers and the limited resources allocated to mycological
research and conservation. Additionally, the absence of established conservation protocols for fungi
in the EU often redirects emerging scientists toward other branches of biodiversity, such as marine,
plant, or zoological studies, where funding opportunities and career prospects are more abundant.
This creates a negative feedback loop, further marginalizing fungi in conservation efforts at both
political and national levels.

In conclusion, while challenges persist, technological advancements, growing public interest, and
collaborative approaches offer significant potential to improve fungal monitoring. By building on
these opportunities, fungal conservation can gain greater visibility and contribute to broader
biodiversity strategies at national and European levels.
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Species monitoring is important to follow trends in population sizes and distribution areas. The
conservation status of a species, whether it has been red-listed and evaluated as threatened or
covered by legal protection, is important for nature conservation concerns, as some respondents
mentioned in the questionnaire. However, the species can be selected for monitoring also by their
indicator characteristics.

There is a strong tradition in northern Europe of using selected species of fungi (both macrofungi
and lichens), insects, mosses and other plants as indicators of habitat quality, especially in grasslands
and old-growth forests rich in dead wood (Heilmann-Clausen & Vesterholt, 2008).

Macrofungi are very suitable indicators of dead wood continuity (decomposition quotient) and the
well-being of nature in general. This is especially true at the landscape scale, and indicator species
are used as one of several tools in selecting forest reserves and/or woodland key habitats in several
countries. In Denmark, Finland, and Sweden, wood-inhabiting macrofungi have been included in the
Natura 2000 programme for forests to assess favourable conservation status (Senn-irlet et al.,
2007).

In the JoNeF questionnaire several questions were about collecting information on monitoring
activities concerning fungi. Based on the answers, there are very different approaches to the
concept of monitoring, and because of the short answers in the questionnaire, it is not possible to
analyse the details. For most respondents, monitoring means mainly to collect the data on selected
fungi species, and only two cases mentioned to regularly survey the fungal diversity (fungi/habitat
association) of a given area (IMPEL, 2024). Only some respondents stated that monitoring means
long-term observation with standardised methods. Hence one of the roles of this guidance is to ask
policymakers to provide common protocols to achieve a shared approach.

About half of the countries reported developing macrofungal indicators for monitoring and
analysing the quality and conservation status of a habitat/area. In the future, it is expected that the
assessment of the state of nature, vulnerability and linked measures are based on databases (IMPEL,
2024).

The answers of the JoNeF questionnaire highlighted that most of the countries are willing to have
fungi monitoring initiatives. Internationally harmonised monitoring activities could give a higher
level of conclusions.

Harmonisation of monitoring activities could work based on a well-planned and improved
coordination, synchronisation and standardisation of monitoring protocols for sampling, analyses,
databasing and archiving.

Investing funds in data sharing mechanisms, data analysis and management is needed. In addition,
raising modelling efforts and using new technologies could be partly the possible solution to the
above difficulties (Moersberger et al., 2022).
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Several good practices and experiences emerged from the JoNeF survey, but it also revealed that
the related documents and detailed guidelines are mainly written in national languages, highlighting
a basic impediment to sharing the knowledge and working methods. After analysing the data from
the questionnaire and spotting several lacunas in the monitoring of macrofungi, the following
needs, key activities and tasks are highlighted:

Sharing Best Practices: Promoting effective approaches for monitoring fungi, with a focus
on both species and habitat monitoring.

Standardised Methods for Data Comparability: Ensuring consistency over time and across
regions by implementing standardised methods for data collection and analysis, and
guidelines for selecting ecological and conservation fungal indicators respecting
biogeographical diversity.

Data Management Solutions: Exploring and analysing options for data management to
determine whether existing systems can be utilised or if a new information system is
required.

Citizen Science Engagement: Developing best practices to demonstrate how citizen science
participation can enhance fungi monitoring efforts and expand capacity.

Educational Initiatives: Planning training programs and educational activities to support
fieldwork, data analysis, and the development of effective networks.
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4. Recommendations for Implementing Macrofungi Conservation in Europe

Authors: Francesca Floccia, Valeria Giacanelli, Emiliano Canali

Affiliations: F. Floccia, V. Giacanelli - see Annex |; E. Canali - Italian Institute for Environment
Protection and Research.

Introduction

“FUNGI ARE LIKE A CANARY IN A
COAL MINE, ACTING AS
BIOINDICATORS FOR
ENVIRONMENTAL CHANGES.”

Seraiah Alexander, November 27, 2023

Fungi play a crucial role in ecosystems, contributing to organic matter decomposition and nutrient
cycling, soil formation, primary production, and overall ecosystem health. By incorporating fungi
into environmental policies, we can contribute to protect crucial elements of our environment, as
well as ecosystem services, to protect soils, to detect environmental stress, monitor habitat quality
and much more.

Indeed, fungi are sensitive indicators of environmental changes like pollution and climate shifts,
offering valuable insight into habitat quality. Their vast biodiversity, ecological importance and
potential role in climate adaptation make them essential to ecosystem resilience. Including fungi in
conservation efforts can also safeguard rare and endangered species and complement other
biodiversity indicators, leading to more informed environmental management decisions.

In recent years, fungi have received growing attention from academics, scientists and the public,
driven by a deeper understanding of their essential roles in ecosystems and the awareness that
many fungal species are yet to be discovered, while others are at risk of extinction.

The JoNeF survey (IMPEL, 2024) examined existing legislation and actions regarding macrofungi
across Europe. While it revealed a strong interest in fungal data collection and conservation, with
varying approaches among European countries, it also highlighted a general lack of legislation
specifically focused on the conservation of wild fungi.
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This chapter outlines four key recommendations (listed below) to advance the conservation of
macrofungi and their integration into biodiversity policy, conservation frameworks and
management practices.

[

Recommendation 1 }

¢ Inclusion of Macrofungi Among ‘Typical Species’ of Annex 1 Habitat Types

e Macrofungi should be recognized as essential indicators of habitat structure and
quality, particularly those protected by Annex 1 of the Habitats Directive. Their
inclusion in the official list of typical species in the framework of the Reporting
under Article 17, ensures a more comprehensive approach to the habitat
conservation status assessment.

Recommendation 2 }

e Enhancing the Inclusion of Fungi in Natura 2000 Standard Data Forms

e Fungal species should be systematically incorporated into the Standard Data
Forms used for collecting data on Natura 2000 sites, reflecting their critical role in
ecosystem functioning and biodiversity conservation.

Recommendation 3 }

» Development of Habitat-Specific Fungal Species Lists and Their Integration into
Monitoring Plans
e Lists of fungal species tailored to specific habitats should be developed and used

as indicators for monitoring their health and quality, and to guide conservation
actions.

Recommendation 4 }

e Integration of Macrofungi into National and International Environmental
Legislation and Conservation Strategies

e Macrofungi must be formally recognized within legal and policy frameworks, both
nationally and internationally, to ensure their protection and sustainable
management as part of broader biodiversity goals.

The recommendations are supported by focus boxes on related issues authored by members of the
JoNeF team and external experts. These case studies provide real-world examples, best practices
and proposals.
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Recommendation 1: Inclusion of Macrofungi Among ‘Typical Species’ of Annex 1 Habitat
Types

Context: reporting under article 17 of the Habitats Directive 92/43/EEC.

Purpose: use of macrofungi in the assessment of conservation status of the habitats in Annex 1 of
the Directive 92/43/EEC.

Target: this proposal is aimed at people involved in reporting under Article 17 of the Habitats
Directive at various levels, including researchers, experts and technicians from Ministries and
environmental agencies.

WE ENCOURAGE THE ADOPTION OF MACROFUNGAL SPECIES AS TYPICAL SPECIES FOR
THE ASSESSMENT OF THE CONSERVATION STATUS OF THE HABITATS IN ANNEX 1 OF THE
HABITATS DIRECTIVE.

Article 17 of the Habitats Directive requires a national report to be sent to the European Commission
every six years by Member States. The core of the national reporting is the assessment of
conservation status of all the habitat types and the fauna and flora species included in the annexes
of the Directive which are found in the national territory of the Member State. The reporting
requires the use of standard methodology and common formats throughout Europe.

The assessment of the conservation status is related to the concept of Favourable Conservation
Status (FCS), defined in Article 1 of the Directive. The conservation status of a habitat is considered
“favourable” when:

- its natural range and areas cover within that range are stable or increasing, and

- the specific structure and functions which are necessary for its long-term maintenance exist
and are likely to continue to exist for the foreseeable future, and

- the conservation status of its typical species is favourable (as defined in the same article).

The method for the evaluation of the conservation status of a habitat type includes four parameters
to be assessed separately: Range, Area, Structure and functions (including typical species), Future
prospects. These four assessments need to be combined through a specific evaluation matrix
(shown in the Reporting format, PART E) to give the overall assessment of the conservation status
of each habitat type in every biogeographical region of a Member State (for the distribution of
biogeographical regions see Figure 23). One habitat type can be assessed in Favourable
Conservation Status only if the parameter Structures and functions (including typical species) is
evaluated in good condition and without significant deteriorations and/or pressures.

The list of typical species for each habitat type must be provided by Member States together with
the national report, following the official formats which require some additional information (e.g.
biogeographical region, habitat code, update, species scientific name). Member States can
optionally provide information on the method used for assessing typical species, and, if needed, can
update the lists of typical species in every reporting cycle.
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Figure 23. Distribution of the biogeographical regions in Europe.

The most recent European Guidelines for reporting! (DG Environment, 2023) indicate the following
factors when selecting typical species:

) “typical species” should be species which occur regularly at a high constancy (i.e. are
“characteristic”) in a habitat type or at least in a major subtype or variant of a habitat type

) “typical species” should include species which are good indicators of favourable habitat
quality, e.g. by indicating the presence of a wider group of species with specific habitat
requirements. They should include species sensitive to changes in the condition of the habitat
(“early warning indicator species”)

) “typical species” should include species which can be monitored easily by non-destructive
and/or inexpensive means should be favoured.

50 Source: EEA, https://www.eea.europa.eu/en/analysis/maps-and-charts/biogeographical-regions-in-europe-2
51 https://cdr.eionet.europa.eu/help/habitats_art17
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Typical species can be selected among different groups based on the relation with the habitat type:
inseparable from the habitat (whose ecological requirements are met only by the habitat in
guestion, representing the ideal), consistently present but not restricted, characteristic, keystone-
species (which significantly influence the habitat structure and functions), etc.

Characteristic species listed in the Interpretation Manual of European Union Habitats (European
Commission, 2013) may be used as typical species if they meet one or more of the criteria
mentioned above.

The Guidelines indicate that «typical species may be drawn from any species group and, although
most species noted in the 2001-2006 and 2007-2012 reporting rounds were vascular plants,
consideration should be given to also selecting lichens, mosses, fungi, and animals, including birds.»
(DG Environment, 2023).

For further information on the Article 17 Reporting and typical species it is possible to consult the
Reference Portal provided by Eionet (European Environment Information and Observation Network)
at the following link: https://cdr.eionet.europa.eu/help/habitats artl7.

Considering their ecological functions, macrofungi could play an important role in the assessment
of the conservation status of the Annex 1 habitat types.

Despite some authors (Ellwanger et al., 2018) highlight that the exclusion of fungi, as well as of
animal species, is a notable weakness in the habitat monitoring frameworks of nearly all Member
States, it is noteworthy that some of them (Spain, Finland, France, Lithuania, Latvia, the
Netherlands, Sweden) have already integrated fungi among typical species in the habitat
assessment for the article 17 reporting periods 2007-2012 and 2013-2018>2 (see boxes 2 and 3).

The selection of macrofungi as typical species requires deep biological and ecological knowledge of
this taxonomic group, but also a good understanding of the reporting system and methods. Thus
experts, such as ecologists, mycologists, and conservation biologists should collaborate with people
officially involved in compiling the national Article 17 reports for the Member State, such as
technicians of environmental agencies and ministries.

The following focus boxes (from 2 to 7) illustrate application cases and proposals related to the use
of macrofungi as typical species of some Annex 1 habitat types.

52 https://cdr.eionet.europa.eu/help/habitats_art17
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Focus Box 2: Macrofungi as Typical Species in the Art.17 Habitat
Assessment in Europe: a Brief Survey

Authors: Francesca Floccia, Valeria Giacanelli

Affiliation: see Annex |

The official lists of typical species used in the previous reporting periods (2008-2012 and 2013-2018;
file downloadable from the reference portal for reporting under Article 17 of the Habitats
Directive®3) show that some countries have already integrated fungi in the habitat assessment for
the Article 17 national reports.

Spain, Finland, France, Lithuania, Latvia, the Netherlands and Sweden have already integrated fungi
among typical species in the assessment of the habitat conservation status: an overall number of 93
fungal species belonging to 32 Families are reported in the official list. The number of fungal species
considered by each country is shown in Figure 24.

Fungal species (n)

P

sale Con tecnologia Bing
GeoNames:=Microsoft, Open Places, OpenStreetMap, TomTom

Figure 24. Number of fungal species used in art. 17 habitat assessment

53 https://cdr.eionet.europa.eu/help/habitats art17 ; excel file “The compilation of typical species used by Member
States to assess the parameter 'Specific structure and functions (including typical species)' for the reporting periods
2008-2012 and 2013-2018".
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Out of the 93 fungal species, 21 species (22,51%) are mycorrhizal fungi forming symbiotic
relationships with trees and shrub roots, 47 (50,54%) are saprotrophic fungi, 25 (26,88%) are both
parasitic and saprotrophic species (Figure 25).

50,54

m Mycorrhizal = Saprotrophic and parasitic Saprotrophic

Figure 25. Percentage distribution of fungal typical species in each trophic group

The habitat types assessed using macrofungi are in total 26 and include different formations
distributed in 5 biogeographical regions: Alpine, Atlantic, Boreal, Continental, Mediterranean. Most
of them belong to broad-leaved (beech and oak woods) and coniferous (e.g. Taiga) forest
formations, but grasslands, humid environments and coastal habitats are also represented (Table
1).

Table 1. The 26 Annex | habitat types (identified by codes) assessed using fungi as typical species, with formations and
habitat categories based on the Interpretation Manual of European Union Habitats (European Commission, 2013).

type of formations habitat ategory habitat codes
Forasts of temperate Europe 9110, 9120, 9130, 9150, 9160, 9130, 9100
Forasts of Boreal Europe 9010, 9020, 9030, 9050, 9060, 3070
Temperate mountainous coniferous forests 2430
SCLEROPHYLLOUS SCRUB [MATORRAL)  |Sub-Meditzrmnean and temperste scrub 5130
Semi-natural dry grasslands and scrubland facies 6210, 5230
MATURAL AMD SEMI-NATURAL G RASSLAND |M=tursl grzsslands 6170
hesophile grasslands 6530
| RAISEDBOGS AND MIRES ANDFENS |5 oh=gnum =cid bogs 7130, 7140, 7150
COASTAL AND HALOPHYTIC HABITATS  [Atlsnticsnd continentsl salt marshes snd ssit mesdows 1340
COASTAL SAND DUNES Seadunes of the Atlantic, North Sea and Baltic coasts 2120, 2180
ANDINLAND DUNES Sea dunes of the Mediterrmnean coast 2250




France is the country with the largest overall number of habitat types assessed using fungi among
typical species (12), followed by Sweden (7), Finland (5), The Netherlands (4), Latvia (3), Spain (2)
and Lithuania (1). As the same habitat type can occur in more than one biogeographical region of a
country, the number of assessments per Member State can be larger (see Figure 26).

So far, the use of fungi as indicator in the Article 17 habitat assessment is more developed in
Northern Europe, both regarding number of countries and for number of fungal species considered.
Different habitat types are involved with a prevalence of forest formations.

M 4

ALP ATI BOR COM MED

Figure 26. Number of habitat types assessed using fungi in each biogeographical region per country>?.
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The Netherlands have a long tradition of mycological research but nevertheless fungi were largely
neglected in nature policy and nature management in the Netherlands over the past decades. With
the implementation of Habitats Directive, however this changed slightly in a positive way. The
Habitats Directive requires the Member States to report every six years on the conservation status
of habitats listed in Annex I, to evaluate the effectiveness of their policies in terms of biodiversity
conservation (DG Environment 2017). Although there are no fungal species included in these
annexes, fungi can indirectly play a role in the monitoring and conservation at the level of habitat
types. In this box we describe the use of fungi in the Dutch implementation of the Habitats Directive
and the monitoring network that is used.

The assessment of habitats in the periodic report is regulated by Article 17 of the directive, which
suggests the use of “typical species” to assess the conservation status of habitat. These typical
species are characteristic of a given habitat type and at the same time they should be indicative of
a “good conservation status”. Among other criteria the conservation status of a habitat type will be
considered as ‘favourable’ when the conservation status of its typical species is favourable. So,
inclusion of fungi as typical species can be an important way to raise the importance of fungi in
nature policy. From the start onwards, the Dutch list included species from a broad spectrum of
species groups, including 18 fungal species. The conservation status of these typical species is
assessed based on their Red List status complemented with more detailed monitoring data.

In practice, however, it appeared that the role of fungi in nature policy and management remained
limited. For the periodic reporting on the conservation status of habitat types it turned out that the
number of species for a given habitat type was often too small to allow reliable assessments at the
level of habitat types and some species were in hindsight less suitable for monitoring. Moreover,
for management plans of Natura 2000 sites, fungi were often not considered.

A Dutch guidance document on fungi in nature policy and management

Managers of nature areas are often willing to take more account of fungi, but the knowledge of
habitat requirements of fungi and therefore the options to provide ‘fungus-friendly’ management
is very scattered and difficult to access. Various Dutch stakeholders indicated that with better access
to such information there is probably much to be gained for the conservation and restoration of
fungal diversity. Therefore, a project has been conducted by a group of Dutch mycologists that
aimed to facilitate this process and to provide a guidance document for the Netherlands. This
resulted in a publication (in Dutch with English summary) entitled ‘Macrofungi in conservation
management’ (Ozinga et al., 2013). It gives an overview of important habitats for fungi and
opportunities for the sustainable conservation and restoration of fungal diversity (Figure 27).




Ozinga, Amnolds, Keizer & Kuyper (2013) Macrofungi in conservation
management (in Dutch with English summary)

Paddenstoelen in het natuurbeheer
OBN preadvies paddenstoslen - Deet 1: Ecologle, knelpunten
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Figure 27. Cover of the Dutch guidance document on fungi in nature policy and management (Ozinga et al. 2013).

The publication consists of two parts: (1) a volume with general information on the ecology of
functional groups of fungi, the main threats to fungal diversity and an overview of knowledge gaps
and recommendations for future research, and (2) a separate volume with information on the funga
of the main Dutch habitat types with recommendations on their management.

The second part is also intended to stimulate the use of fungi in nature policy, including the Habitats
Directive. For each habitat type, a table with characteristic fungal species is given and for most
Natura 2000 habitat types’ species were identified for which the presence in an area can be taken
as a sign of habitat quality (‘quality indicators’). A selection of these species might in a later stage
be added to the Dutch list of typical species, but even without such a formal registration, the list of
characteristic fungal species can be useful in assessing the conservation status of habitat types.
Importantly, the use of fungi in the evaluation of habitat quality across sites requires reliable data
on occurrences and trends.

Monitoring in the Netherlands

Three monitoring projects, based on 17 typical fungal species of the Habitats Directive, are set up in
forests on sandy soil (deciduous, mixed and coniferous), in fens and bogs (sphagnum vegetations
and transitions to grasslands or heathlands), and in white and grey dunes. In Table 2 an overview of
these networks is given with the habitat-codes as used in the Habitats Directive. One other species,
Kavinia alboviridus, is assigned as a typical species for Juniper scrubs (H5130), but this species is not
monitored because it is very rare and hard to find.




Species are monitored by volunteers on fixed routes within a square kilometre, one or several times
a year, according to the habitat. Date, location, duration of the survey are noted, and for each
species habitat and number of growing places: fruiting bodies of soil inhabiting species growing
within 10 metres are assigned to one growing place. For wood inhabiting species every colonised
piece of wood that has not been connected to other colonised pieces is considered as a separate
growing place. Every year collected data from the 3 projects are analysed by Statistic Netherlands
CBS. Data is corrected for observer effort. Although the number of monitoring plots is quite high,
improvements are still possible. A point of attention for the future for example, is the spatial
coverage of Natura 2000 sites across the country.

Table 2. Overview of the characteristics of the three monitoring networks on fungi in The Netherlands.

forests fens, bogs dunes
habitatcode H91S0 H7140 H2120
H7110
H7120
H91DO
typical species 4 7 6
additional species 136 40 18
start year (1998) 2017 2017 2014
visits per year 3 1-2 2
volunteers 2023 99 10 23
# km2 2023 214 36 82
# records 2023 19392 536 2535
total # records 84712 4349 17344

Some results

Statistic Netherlands calculates distribution trends based on the monitoring data and validated
opportunistic data from the National Database Flora and Fauna, NDFF. In the forest-project we
found a clear correlation between the occurrence of nitrophobic ectomycorrhizal species (36) and
the nitrogen deposition in the Netherlands, which is extremely high (Van Strien et al. 2018, see
Figure 28). Nitrotolerant ectomycorrhizal species (9) only showed a weak fluctuation (note the
differences in scale on the y-axis) in the same period. From the 1950’s nitrogen deposition was
extremely high in the Netherlands and nitrophobic species declined rapidly, the most sensitive
species disappeared. In the late 1990s measures were taken to reduce nitrogen deposition, and
many species restored partially. Reduction came to a halt in 2010, after which the nitrophobic
ectomycorrhizal species as a group showed a decline. The rapid response of the nitrophobic species
to the nitrogen deposition is remarkable. Climatological changes and the increasing number of dry
hot summers should be considered.
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Figure 28. Results from the forest monitoring network, showing trends in nitrogen deposition (bottom), the long-term
trend of ectomycorrhizal species (top left), and the trend of ectomycorrhizal species with low and high sensitivity to
nitrogen (top right)*°.
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Introduction

With concern to The European Guidelines for the reporting period 2019-2024 (DG Environment,
2023), “typical species” and “characteristic species” are only partially overlapping concepts. The
latter relies on solid statistical and analytic support starting from an extensive, updated and peer-
reviewed database over a certain time span. Above all, such a database should be built up in a
homogeneous framework where surveyors have been contributing for years through standard
protocols. Similar initiatives are in progress in Italy primed by Societa Botanica Italiana — Working
Group Micologia and involving several contributors from the most regions of Italy. Noteworthy, this
initiative has involved 8 Universities, ISPRA (Istituto Superiore per la Protezione e la Ricerca
Ambientale), MUSE (Museo delle Scienze — Trento) and 5 different mycological associations. Until
now, the database including fungal species (macromycetes) recorded in holm oak woodlands is the
most valuable example which meets the main requirements to be associated with selected
habitat(s) in Annex 1, despite still lacking a strict standardisation. A team of mycologists has been
working on this topic for 5 years to collect, analyse and format checklists covering almost all the
Italian Regions.

Holm oak woodlands in Italy include Quercus ilex L. only, that is vicariant to Q. rotundifolia Lam.>® A
major part of holm oak woodlands can be included in Habitat 9340 Quercus ilex and Quercus
rotundifolia forests in Annex 1. In turn, Italian woodlands in Habitat 9340 can be mainly referred to
either the sub-type 45.31 - Meso-Mediterranean holm-oak forests (i.e. thermophilic) or 45.32 -
Supra-Mediterranean holm-oak forests (i.e. mesophilic)*>’. Due to the remarkable environmental
complexity of the Italian territory, such a categorization has been well assessed in peninsular as well
as Sicilian woodlands (Northern ones obviously fall into mesophilic category), whereas Sardinian
ones apparently escape this frame and probably need further investigation (Biondi et al., 2003). It
should be highlighted that Italy in fact includes 3 biogeographical regions (Alpine, Continental and
Mediterranean) according to the European Union reference (2016). Further on, based on the
elaboration of studies such as Blasi et al. (2014), the Italian responsible Ministry (Ministero
dell’Ambiente e della Sicurezza Energetica) currently recognizes 28 different phytoclimates®®. Such
a complexity suggests pursuing the highest coverage as possible of different areas in Italy with

%6 https://dryades.units.it/floritaly/index.php ; https://powo.science.kew.org/
57 http://vnr.unipg.it/habitat/
58 http://www.pcn.minambiente.it/viewer/
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concern to holm oak woodlands too: very different physiognomy, structure, dynamics frame as well
as phytocoenosis can be found (Biondi & Blasi, 2017°°).

Based on the “typical species” concept described in the European Guidelines for the reporting
period 2019-2024 (DG Environment, 2023), the aim of the work was to select a small set of fungal
species representing Habitat 9340 in Italy.

Materials and Methods
Data collection and database structure

A database was created to include the widest number of records of macromycetes growing in Q.
ilex in woodlands reasonably fitting the definition of Habitat 9340. Consistently, all the records such
as single trees, tree grows in agricultural and urban landscape were discarded. Hypogeous species
and broadly defined micromycetes were excluded a priori, whereas anamorphs of broadly defined
macromycetes were potentially included. Only data recorded since 2000 were considered.

Starting from an initiative primed by Societa Botanica Italiana — Working Group of Mycology was
divided into different macro-areas up to different academic institutions® as in Table 3.

Table 3. Reference scheme for the collection of local databases from Italian Habitat 9340.

Reference Institution Administrative Region(s) Biogeographical Other contributors

or Province region including
Habitat 9340
University of Pavia Lombardia, Emilia- continental MUSE (Museo delle Scienze —

Trento), AMB (Associazione
Micologica Bresadola), dr.
Annarosa Bernicchia

Romagna, Veneto, Friuli-
Venezia Giulia, Provincia
Autonoma di Trento

(Trentino)
University of Genova Liguria Mediterranean C.A.M.P.A.L. (Coordinamento
delle Associazioni Micologiche
Piemontesi, Aostane e Liguri)
Piemonte continental no data from this Region
University of Siena Toscana continental / A.G.M.T. Associazione Gruppi

University of Perugia

University of L’Aquila
University of Roma La
Sapienza

University of Bari

University of Palermo

Umbria, Marche

Abruzzo, Molise
Lazio, Campania

Puglia, Basilicata,

Calabria
Sicilia, Sardegna

59 https://www.prodromo-vegetazione-italia.org/

60 http://www.pcn.minambiente.it/viewer/

Mediterranean
continental

continental

Mediterranean

Mediterranean

Mediterranean

Micologici Toscani

AMI UMBRIA (Coordinamento
Associazioni Micologiche
Umbre)

A.M.E.R. Associazione
Micologica ed Ecologica Romana

MUSE (Museo delle Scienze —
Trento), dr. Annarosa Bernicchia
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Valle d’Aosta/Vallée d’Aoste and Provincia Autonoma di Bolzano/Bozen were the only
administrative areas excluded a priori since no native holm oaks are present there®?.

The role of academic institutions was to collect, share and analyse data achieved by different
contributors, including both scholars and amateurs.

The comprehensive database achieved was set to univocally associate each record to the indicators
described in Table 4.

Table 4. Main indicators adopted to analyse the comprehensive database of fungal diversity in holm oak woodlands.

Indicator Reference/description

Source Contributor(s) who legit and/or determinavit

Date Collection and/or survey

Updated species name Based on Index Fungorum (www.indexfungorum.org )

Trophism Mycorrhizal/soil saprotroph/wood decayer/other

Administrative region and As represented in http://www.pcn.minambiente.it/viewer/

municipality

Locality Local toponym, either reported on maps or not

Coordinates and reference system East — north; etrs89/Utm33n (epsg25833)

Syntaxonomy and dynamics Based on https://www.prodromo-vegetazione-italia.org/ and Blasi et Rosati
(2010)

Main represented physionomy Shrub, tree, small tree

Woodland composition Monospecific / mixed population

With concern to the latter indicator, it should be noticed that holm oak woodlands are meant to be
“dominated” by Q. ilex in the diagnostic phrase of Italian Habitat 9340, although several other tree
and shrub species are also present mixed to Q. ilex itself (http://vnr.unipg.it/). This sometimes made
it difficult to discern the putative host or symbiont.

Data analysis and selection workflow

Based on the “typical species” concept described in the European Guidelines for the reporting period
2019-2024 (DG Environment, 2023), the following criteria were pursued: species which occur
regularly at a high constancy in the selected habitat; species which are good indicators of favourable
habitat quality; species which can be monitored easily. This meant to select species showing the
following features: widespread in the habitat distribution and not limited to few localities; common
enough to allow at least presence/absence listing within 1-2-decade monitoring; easy enough to
identify, i.e. non-cryptic and ideally monophyletic in the habitat; highly related to the examined
habitat with respect to other habitats and/or hosts.

To account for the above-described complexity of Italian Habitat 9340, the basic workflow in Figure
29 was adopted.

As shown in Figure 29, a major critical step is included in this workflow: how to discern species which
are more related to holm oak woodlands (Habitat 9340) than to other habitats? The following
literature references (not exhaustive list) were considered for instance: Onofri et al., (2003);
Boccardo et al. (2008), Bernicchia et Gorjon (2010); Angelini et al. (2017); Bernicchia et Gorjén
(2020); Ferraro et al. (2022), Gargano et al. (2021), Pardi et al. (2022).

61 https://dryades.units.it/floritaly/index.php
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In order to harmonise local lists and reduce the sampling error, as well as to cross-check literature
references, the expert-based approach was also adopted by consulting researchers who had
devoted significant efforts in investigating fungal diversity in holm oak woodlands.

What species have been found in holm oak monitoring?

-

Among them, what species have been reported in literature to be more typically related
to holm oak woodlands instead of other habitats?

p

Among them, what species have been actually found in > 3-4 Italian administrative
Regions and what overall % do they represent?

@

Is there any other species to be considered by expert-based suggestion
and possibly under-estimatedin the database?

«

Can we point out species representing different trophic roles?

Figure 29. Workflow for the selection of typical fungal species in holm oak woodlands.

Results and discussion

Starting from the comprehensive collection of local databases, most species are not expected to be
highly related to Habitat 9340 nor to holm oak as a host species. Moreover, many species are
apparently represented in few localities only and are not shared with other sampling sites in Italy.
This obviously implies a sampling error due to both the human surveyor and environmental
contingency, including weather conditions.

Analogously, some species may be related to local features in holm oak woodlands and may
therefore suggest they are “characteristic” of that peculiar context instead of “typical” of Habitat
9340 as a whole (further statistical analysis is needed to disentangle these aspects).

Based on the available data, administrative Regions are represented quite proportionally to the
current area occupied by Habitat 9340; however, the cumulative records per Region highly depend
on the sampling and monitoring effort (Figure 30).

It should be noticed that Q. ilex is a “winner species” in the post-glacial environments of the
Mediterranean basin, and a resilient one with respect to human activities since ancient times (Biondi
& Blasi, 2017). Therefore, it has colonized remarkable areas Northward and is by far the most
represented evergreen oak in Italy and peninsular areas especially (such as Toscana) even out of the
Mediterranean biogeographical region (until Trentino, almost at the edge of the Alpine region).
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Figure 30. Cumulative records of macromycetes per region. Please note that each species was counted only once per
locality.

Consistently, a major part of Habitat 9340 belongs to the 45.32 (mesophilic) sub-type, that is both
represented in the Mediterranean and the continental biogeographical regions. From a mycological
perspective, mesophilic holm oak woodlands are subjected to a rainier pluviometric regime, which
expands the suitable period for sporocarps development and survey.

Moving step by step along the above-described workflow, the top-range of fungal species selected
as “typical” of Habitat 9340 is reported in Figure 31.

It should be noticed that not all the Regions hosting Habitat 9340 (18/20 administrative Regions)
are reported in Figure 31; no data are in fact available from Piemonte, Marche and Molise, whereas
data from Emilia-Romagna were discarded since formally too old (recorded before 2000).
Notwithstanding, the sampled Habitat 9340 is for sure still preserved in Emilia-Romagna in Bosco
della Mesola Natural Reserve, also including a strict reserve portion®2,
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Figure 31. Top-range of macrofungi species selected as “typical” of Habitat 9340.

The proportion is based on Municipality units. MICZ = mycorrhizal; SAP = soil saprotroph; SAPXIL = wood decayer. T = thermophilic
forest (45.31 sub-type of Habitat 9340); M = mesophilic (45.32 sub-type); IS = incertae sedis. Blue and light light blue colours
indicate continental (mesophilic) areas, green colours indicate peninsular mesophilic areas, whereas yellow-orange-red-reddish
colours indicate Mediterranean peninsular and insular areas, which can be either mesophilic or thermophilic.

Based on the drafted protocol some species in the top-range selection, such as Lactarius ilicis (2
Regions), Alessioporus ichnusanus and Hygrophorus leucophaeo-ilicis (3 Regions each), appear
poorly represented across different areas. However, expert-based evaluation suggests they may
have been underestimated and deserve to be monitored as featuring species in Habitat 9340.

Consistently with the original aim of the work, different trophic roles were valorized in the selection
process. As shown in Figure 31, 6 out of 8 selected species are mycorrhizal, but only two fully
encompass the variability of Italian Habitat 9340: Leccinellum lepidum and Russula ilicis were in fact
recorded in 10 and 8 administrative Regions respectively; each species is moreover represented in
both continental and Mediterranean biogeographical regions, and the latter in both mesophilic,
thermophilic and incertae sedis (Sardinian) sub-types. Besides these mycorrhizal species, analogous
consideration concerns the saproxylic (saprotrophic wood-decayer) Daedaleopsis nitida, whose
monitoring is made easier by its very peculiar hymenial morphology and persistent basidiomata
(annual but taking a long time to be degraded). Finally, the soil saprotroph Clavariadelphus pistillaris
is apparently missing in continental holm oak woodlands, although represented in peninsular
mesophilics and Sardinian incertae sedis ones.

In conclusion, the methodology above described resulted in the selection of a small set of fungal
species to be listed as typical of the Italian Habitat 9340 Quercus ilex and Q. rotundifolia forests: L.
lepidum; R. ilicis; D. nitida and C. pistillaris.
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Focus Box 5: Montagnea candollei: a Typical Species of Sand Dunes
Habitats of the Mediterranean Region

Author: Stephen Misfud

Affiliation: see Annex |

Fungi are perceived as organisms growing in humid woodlands or damp shaded areas, but there are
a few exceptional species that grow in desert-like conditions amongst the various habitats they can
grow (Webster & Webster, 2007). In Europe, such xerophilous species are found in sand dunes and
can withstand extreme conditions such as aridity, wind and sea spray, which are normally extremely
adverse conditions for most fungi. One example that is infrequent in some sandy beaches in the
Mediterranean Region is the species Montagnea candollei, which for long was known under the
synonymous taxon of Montagnea arenaria (DC.) Zeller) and commonly known as the Desert Inkcap
(Figure 32).

Itis a globally widespread species found from the tropics up to warm regions of the temperate zone
and is a common fungus in some regions (Kreisel, 2001). According to GBIF (2024) and iNaturalist
(2024), it is particularly common in Australia and SW of the United States (e.g. California), but it is
less frequent in the Mediterranean region, especially the central region.

Figure 32. Montagnea candollei from Ramla |-Hamra, Xaghra, Gozo (Malta) (Photo by S. Mifsud)

This species dwells in vegetated sand dunes, with typical arenophilous vegetation, including
Juniperus spp. and Tamarix spp. (Stasinska & Prajs, 2002; Jorjadze et al., 2022). It is a saprotroph,
decomposing organic debris of plants, shrubs and tree litter present in sand dunes, hence typically
in habitat 1210 (Annual vegetation of drift lines); and more commonly in Habitat 2110 (Embryonic
shifting sand dunes) and 2220 (Dunes with Euphorbia terracina). As a result, the presence of this
species can act as a bioindicator of healthy and biodiversity-rich sand dunes, since the detritus of a
profuse sand-dune vegetation provides the substrate for the Desert Inkcap fungus to grow.




In fact, taking Malta as an example, Montagnea candollei is only found in the best preserved and
least degraded sand dune in the Maltese Islands, which is called ir-Ramla |-Hamra (Briffa &
Lanfranco, 1986; Mifsud & Mifsud, 2023), located at the northern coast of Gozo. This fungus has so
far not been recorded from any other sand dune within the Maltese Islands, presumably because
the state of conservation is not of the level or Ramla sand dune. A similar bio indicative relationship
between this specific macrofungus or other species may be found in well-preserved sand dunes
within the Mediterranean Region.
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Focus Box 6: Russula spp. as a Typical Fungi Species in
Montados/Dehesas

Author: Celeste Santos-Silva

Affiliation: see Annex |

Russula spp. are commonly associated with oak woodlands, particularly in ecosystems like Quercus
suber (cork oak) and Q. rotundifolia/Q. ilex (holm oak) Montados/Dehesas (Figure 33). These
systems, prevalent in Mediterranean regions, such as the Iberian Peninsula, are complex agro-silvo-
pastoral landscapes where trees, livestock, and crops coexist. Russula spp. play a key role in these
ecosystems, especially in terms of their mycorrhizal relationships with Quercus trees and
Mediterranean shrub species, contributing to natural regeneration success and tree health®3,

Russula species form symbiotic mutualistic relationships with the roots of oak trees and various
shrubs, facilitating nutrient exchange. In exchange for carbon, the fungi assist with the uptake of
nutrients, like phosphorus and nitrogen, and water from the soil, which benefits the growth and
resilience of the trees.

Russula is the most species-rich genus in healthy Montados/Dehesas (Andrade et al., 2016; Santos-
Silva et al., 2024) and can be considered a typical species in the natural habitats 9330 and 9340,
contributing with 25 to 50% to the overall mycorrhizal abundance (Andrade et al., 2016; Reis et al.,
2018) Those fungi contribute to the resilience of cork and holm oak trees by improving nutrient
availability and enhancing resistance to drought (Richard et al., 2025) and other environmental
stresses. The fungal networks help stabilise soils and improve water retention, which is crucial in
the arid conditions typical of Mediterranean ecosystems.

Overgrazing, deforestation, and changes in land use practices can negatively affect the diversity of
Russula spp. and other mycorrhizal fungi in these systems (Santos-Silva & Louro, 2016). Sustainable
land management practices that maintain tree cover and promote fungal diversity are essential for
the long-term health of cork and holm oak ecosystems (Santos-Silva et al., 2011). Fungal diversity,
particularly mycorrhizal diversity, is also an indicator of the ecological health of these silvo-pastoral
systems, and e.g., abundance of Russula praetervisa are statistically inversely correlated to tree
defoliation caused by Phytophthora spp. (Ruiz Gémez et al., 2019).

53 Biological indicators of the natural regeneration of cork oak and holm oak: Russulaceae, assessment of the diversity
of macrofungi of the Russulaceae family in montado areas with different types of tree and shrub cover. 2012-2013.
Project partially funded by MED&CHANGE (Mediterranean Institute for Agriculture, Environment and Development
and Global Change and Sustainability Institute) and Science and Tecnology Fundation.

549330 - Quercus suber forests and 9340 - Forests of Q. ilex and Q. rotundifolia - Natural habitats of community
interest listed in Annex | of the Habitats Directive.




Figure 33. Agro-silvo-pastoral landscape: Montado/Dehesa (Photo: Celeste Santos-Silva)

Moreover, Russula spp. provides numerous ecosystem services such as: Nutrient cycling and soil
formation, as Russula spp. help plants access essential nutrients by breaking down organic matter
in the soil (Smith & Read, 2008); carbon sequestration, as mycorrhizal fungi like Russula spp. can
improve the ability of trees to capture and store atmospheric carbon dioxide in biomass and soil,
which is crucial for mitigating climate change (Clemmensen et al., 2013); soil structure and health,
as Russula spp. produce mycelial networks that bind soil particles, improving soil structure, and
enhancing soil aeration and water retention, which are crucial for plant health and forest
sustainability (Rillig & Mummey, 2006); biodiversity support, as Russula spp. support biodiversity
through their role in the food web, being a food source for various fungivores (e.g., small mammals,
insects, and invertebrates); additionally, by promoting tree health, they contribute to overall
ecosystem diversity (Simard et al., 1997); cultural and recreational value, as some species of Russula
are edible and are harvested for culinary purposes, contributing to local economies and food
culture; in regions where foraging is popular, the presence of Russula spp. can also have recreational
value (Boa, 2004).

In Montados/Dehesas some of the most common and abundant Russula species are the edible and
medicinal ones, such as: Charcoal burner (R. cyanoxantha, Figure 34), the Motley brittlegill, (R.
amoenicolor, Figure 35) and the Bypassed brittlegill (R. praetervisa, Figure 36).

In conclusion, Russula spp. are vital components of the Montados/Dehesas’ ecosystems,
significantly contributing to the health and resilience of cork and holm oak trees. As the most diverse
genus in these environments, Russula spp. not only support tree health but also play a crucial role
in soil stability, nutrient cycling, carbon sequestration, and overall biodiversity. However, their
diversity and ecological functions are threatened by unsustainable land use practices, such as
overgrazing and deforestation. Therefore, implementing sustainable land management practices
that preserve tree cover and promote fungal diversity are essential for ensuring that these unique
ecosystems continue to provide vital ecosystem services and cultural values for future generations.




Figure 35. Russula amoenicolor (Photo: José Andrade)




Figure 36. Russula praetervisa (Photo: José Andrade)
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Focus Box 7: Pyrofomes demidoffii and Antrodia juniperina: Two Typical
Species of Grecian Juniper Forests

Author: Mitko Karadelev and Katerina Rusevska

Affiliations: M. Karadelev - Faculty of Natural Sciences and Mathematics, Ss. Cyril and Methodius
University in Skopje, North Macedonia; K. Rusevska - see Annex |.

The Grecian juniper (Juniperus excelsa) is a tall shrub or tree up to 20 m tall, with a trunk as large as
2 m in diameter. Concerning the general distribution, the Grecian juniper forests extend from Iran
and Lebanon through Asia Minor and Crimea to the Balkan Peninsula. As an East Mediterranean
element, it can be found in the sub-mediterranean regions of southern Europe (Albania, North
Macedonia, Bulgaria, and Greece). The western and northern edge of its distribution is North
Macedonia, where it grows on limestone gravel, serpentine and other types of bedrocks supporting
shallow soils in warm habitats at altitudes of 100—-1200 m.

Grecian juniper forests are considered as a priority habitat in the Habitats Directive under the code
9560 - *Endemic forests with Juniperus spp. and 42.A3 of the Pal. Class.: Grecian juniper woods
(Juniperetum excelsae) — forest formations dominated by Juniperus excelsa.

The Grecian juniper is known as a very resistant wood to the development of lignicolous fungi,
where approximately thirty species are known. Of these, the most significant conservation value
and species suitable for monitoring are: Antrodia juniperina (Murrill) Niemeld & Ryvarden® and
Pyrofomes demidoffii (Lév.) Kotl. & Pouzar. Both species are endangered [EN B2ab(i,ii,iv)] according
to the Bulgarian Red List of Fungi (Gyosheva et al. 2006) and vulnerable (VU —B1ab (iii,iv) + 2ab(iii,iv);
D1) according to the North Macedonian Red List of Fungi (Karadelev et. al. 2021/22).

Figure 37. Grecian juniper forest on the island Golem Grad, Prespa Lake, Macedonia (left) with well-developed trees
(right). Photo: Macedonian Ecological Society (left), Mitko Karadelev (right).

65 According to both Mycobank and Index Fungorum, this is a synonym of the currently accepted
name: Fomitopsis juniperina (Murrill) Spirin & Vlasak




Pyrofomes demidoffii is a parasitic species on various juniper trees in East Africa and North America
(Ryvarden & Johansen, 1980; Gilbertson & Ryvarden, 1986-1987; Ryvarden & Gilbertson, 1993). Is
known from Caucasus, Uzbekistan, Siberia, and Crimea mostly on Juniperus spp. (Bondartsev, 1971).
The species exclusively occurs as a parasite on old juniper trees. In Europe it is known only from
Balkan countries (North Macedonia, Bulgaria and Albania), always on the Grecian juniper. It is a rare
species in Europe with a restricted area of distribution following the host distribution. It is known
from five localities in North Macedonia, one in Albania and two in Bulgaria. The species is a parasite
on old juniper trees usually present in well-developed forests.

Figure 38. Pyrofomes demidoffii, island Golem Grad (Prespa Lake, Macedonia). Photo: Mitko Karadelev

Antrodia juniperina is known in East Africa (Niemeld & Ryvarden, 1975; Ryvarden & Johansen, 1980)
as a parasite and saprobe on thick trunks of Juniperus procera; in the USA (Gilbertson & Ryvarden,
1986-1987) it grows on J. deppeana, J. monosperma, J. osteosperma and J. virginiana while in Europe
it is known from Spain on J. thurifera (Garcia-Manjon & Moreno, 1981), and from the Balkans and
Turkey where it grows as a saprobe, rarely as a parasite on old trunks of J. excelsa and J. foetidissima
(Karadelev, 2001; Dogan & Karadelev 2006). In the Balkan countries (Albania, North Macedonia and
Bulgaria) the species has been spotted on rotten wood of Grecian juniper. It is a rare species,
occurring with different abundance at all localities where the host is present, but it is more common
in the well-developed Grecian juniper communities, particularly if there are old trunks around. The




highest number of specimens has been observed at localities with well-developed Grecian juniper
communities.

Figure 39. Antrodia juniperina, Kozhle village, Macedonia. Photo: Matthias Theiss

The impact of both species is manifested by host habitat degradation and/or fragmentation since
those species are strictly bound to a single host. Inmediate impact upon the species has not been
ascertained. The threat manifests differently and it depends on the community site. Reduced
amount of habitat should be the main cause of the decline. Main reason for that is the uncontrolled
wood cutting and logging for using the wood (burning) for production of burnt lime. The potential
danger of juniper forests’ fires is quite significant.

Protection of old host trees is the key conservation action for protection of the species; study of the
population number and range; interpretation of species status by means of reinforced
understanding of the species biology and ecology; habitat conservation; study of the trends via
monitoring.
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Recommendation 2: Enhancing the Inclusion of Fungi in Natura 2000 Standard Data Forms

Context: Natura 2000 Standard Data Forms developed under the framework of the Habitats
Directive 92/43/EEC.

Purpose: integrate macrofungal species in the Nature 2000 Standard Data Forms.

Target: the target audience includes biodiversity and conservation professionals involved in the
management of Natura 2000 sites. This may encompass managing bodies, Ministries and
authorities, who are responsible for managing Natura 2000 sites; researchers and scientists, who
may contribute to species monitoring and knowledge; technical staff and consultants assisting in
the completion and updating of Standard Data Forms (SDFs); finally, policy makers and decision
makers, who oversee the implementation of the Habitats Directive.

WE ENCOURAGE STAKEHOLDERS INVOLVED IN MANAGING THE STANDARD DATA FORM
TO INCLUDE MACROFUNGAL SPECIES THAT MEET THE CRITERIA OUTLINED IN
SUBSECTION 3.3. THIS INCLUDES SPECIES LISTED IN NATIONAL RED LISTS, EU RED LISTS,
GLOBAL RED LISTS, AND ENDEMIC SPECIES.

The Habitats Directive together with the Birds Directive, collectively known as the Nature Directives,
established the Natura 2000 network, the largest coordinated network of protected areas globally.
Its primary goal is to "maintain and restore, at a favourable conservation status, natural habitats
and species of wild fauna and flora of Community interest".

While the Natura 2000 framework has been instrumental in protecting many species and habitats,
fungi remain underrepresented.

Related to Nature 2000, the European Commission adopted a Standard Data Form (SDF) to collect
and record detailed information about sites®®.

Section 3 of the SDF, called "Ecological Information", provides details on species present in the site.

Subsection 3.3, which is optional, allows Member States to report "Other important species of flora
and fauna" not covered by the Nature Directives, but relevant for conservation and management of
the site. This subsection explicitly includes fungi as a category alongside plants, lichens, and other
groups.

However, the optional nature of this subsection has often led to the omission of fungi, despite their
critical ecological roles as decomposers, mutualists, and indicators of habitat quality.

Information required on species included in subsection 3.3 is shown in Table 5.

We encourage Member States to systematically include in section 3.3 important fungal species
relevant for site management and conservation. This ensures fungi are recognized as integral
components of the site's ecological value.

An example of the inclusion of a macrofungal species in the subsection 3.3 of the SDF concerning a
Natura 2000 site in Italy is reported in the focus box 8.

56 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=0J:L 202302806
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Table 5. Section 3.3 of the Standard Data Form

3.3
3.3.1

3.3.2

333

334

3.35
3.3.6

3.3.6.

3.3.6.

3.3.7

3.3.8

Other important species of flora and fauna (optional)

If the species belongs to one of the species groups on the code-list
available on the Natura 2000 reference portal use the respective code
from this list; otherwise leave the field empty (blank).

If the species is on the code-lists on the Natura 2000 reference portal
that are used in field 3.2.2, please use that code, otherwise leave this
field empty.

If relevant, insert the scientific name as used in the code lists on the
Natura 2000 reference portal that are used in field 3.2.2.

Indicate in case of sensitive species data

Species group

Species code

Scientific name

Sensitivity of species
data

Non-presence
Population size and
unit

Population size

Population unit

Abundance category

Motivation

Indicate if the species is no-longer present in the site

Minimum and maximum population size

Code-list (see Natura 2000 reference portal)

Pre-defined options:

a
a
a
a

Common
Rare
Very rare
Present

Pre-defined options:

Oooooagoao

Oooo0OoOoad

OO0

Species of Annex Il of the Habitats Directive in a SPA

Species of Annex IV of the Habitats Directive

Species of Annex V of the Habitats Directive

Bird species of Annex | of the Birds Directive in a pSCl, SCI, SAC
Migratory bird species in a pSCl, SCI, SAC

Prohibited species of Annex | of the Technical Measures
Regulation under the common fisheries policy (EU Regulation
2019/1241) which are not already protected by the Annexes
of the Habitats Directive

Species listed in National Red Lists

Species listed in EU Red Lists

Species listed in Global Red Lists

Endemic species

Species listed/protected under international Conventions
such as the Bern convention and the Convention on the
Conservation of Migratory Species of Wild Animals or the
Convention of Biological Diversity (CBD)

Typical species of Annex | habitat types

Crop Wild Relatives (CWR) / Forest Genetic Resources (FGR)
Invasive alien species of Union concern as referred to in the
EU Regulation 1143/2014 on invasive alien species (IAS)
Other reasons
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Focus Box 8: The Inclusion of Pleurotus nebrodensis in the Natura 2000
Network

Author: Giuseppe Venturella

Affiliation: University of Palermo, Department of Agricultural, Food and Forestry Sciences

The inclusion of Pleurotus nebrodensis within the Natura 2000 network underscores its significance
as a species of high conservation concern due to its restricted distribution and the specific threats
it faces, particularly in Sicily.

Listed as critically endangered, P. nebrodensis is the focus of targeted conservation actions under
Natura 2000, which aim to preserve its natural habitat and ensure its survival.

Efforts include habitat protection, regulated harvesting, and cultivation to reduce anthropogenic
pressure on wild populations, contributing to both conservation and sustainable use.

Scientific name

Pleurotus nebrodensis (Inzenga) Quél., Enchir. fung.: 148 (1886). See Figure 40.

Figure 40. Pleurotus nebrodensis (Inzenga) Quél.




Taxonomy and significance

The basidiomycete Pleurotus nebrodensis is a rare endemic fungus in Italy and Europe, notable for
its antibacterial and anti-cancer properties, making it a potential medicinal mushroom. It is found
primarily in the Madonie mountains of Sicily, growing on dead roots of Prangos ferulacea, an
herbaceous plant native to the Mediterranean Basin.

Historical background

Described in 1863 by Giuseppe Inzenga as Agaricus nebrodensis, this species was later reclassified
as Pleurotus nebrodensis. It was praised by early mycologists, including Ferdinando Alfonso Spagna,
for its exceptional culinary qualities.

Conservation status

Despite its significance, P. nebrodensis and its habitat lack protection under international
conservation laws.

It is, however, previously listed as Critically Endangered (CR) by the IUCN and included in the TOP
50 Mediterranean Island Plants list. After the finding of populations in Greece the new assigned
category is EN (Endangered) according to IUCN Red List Criteria: B2ab(iv, v)c(iii, iv).

Its population is highly fragmented and declining, necessitating both in situ and ex situ conservation
strategies.

In situ conservation

In situ conservation focuses on protecting P. nebrodensis within its natural habitat in the Madonie
Mountains, where its collection is regulated. Specific zones within Madonie Park prohibit harvesting,
while others restrict it to mature specimens only. Despite these measures, inadequate enforcement
has led to continued overharvesting, further endangering the species.

Ex situ conservation

Ex situ conservation efforts include cultivating P. nebrodensis in controlled environments to reduce
harvesting pressure on wild populations. The "PLEURON" project, initiated by the Sicilian
Administrative Region, aims to cultivate this species on a pilot scale for both culinary and medicinal
purposes. This approach not only aids in conservation but also makes the mushroom more
accessible to consumers by lowering its market price.

Public awareness and participation

To enhance conservation efforts, it is crucial to involve citizens and raise awareness about the
environmental and economic importance of P. nebrodensis. Promoting its medicinal potential can
further engage public interest, contributing to the protection, cultivation and sustainable use of this
valuable species.




Nature 2000 Network

The Sicilian subpopulation of P. nebrodensis falls within the following Italian Natura 2000 sites (see
Figure 41):

e |TA020004 “M. San Salvatore, M. Catarineci, Vallone Mandarini, ambienti umidi”
e |TA020016 “Monte Quacella, Monte dei Cervi, Pizzo. Carbonara, Monte Ferro, Pizzo Otiero”.

P. nebrodensis was originally thought to occur only in Sicily. However, its presence was recently also
confirmed from mainland Greece.

Greek subpopulation of P. nebrodensis falls within the following Natura 2000 sites:

e GR2410002 “Oros Parnassos”
e GR2530001 “Koryfes Orous Kyllini (Ziria) kai Charadra Flampouritsa”
e GR2320008 “Oros Erymanthos”
® GR2320002 “Oros Chelmos kai Ydata Stygos”.
Sicily Greece e
° .
o0,
0 100 km 0 100 km
— O ——ITS
Figure 41. Presence of Pleurotus nebrodensis populations
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Recommendation 3: Development of Habitat-Specific Fungal Species Lists and Their
Integration into Monitoring Plans

Context: Habitats Directive 92/43/EEC, Interpretation Manual of European Union habitat types
listed in Annex | (EC 2013).

Purpose: Inclusion of macrofungal species in the Interpretation Manual of EU habitat types and
Habitat Fact Sheets.

Target: This recommendation is directed to the European Commission who is responsible for
overseeing the implementation of the Habitats Directive across EU Member States and the
developed of the documentations (including guidelines and Interpretation Manuals); the European
Environment Agency (EEA) who works in collaboration with the Commission and other expert
bodies to ensure the Manual and guidelines is used consistently across Member States; national
environmental authorities and competent agencies involved in implementing habitat monitoring
programs; research institutes, universities, and conservation organisations which often play a
significant role in interpreting and applying the Manual, conduct field surveys, identify habitat types
in Natura 2000 areas, and carry out monitoring and reporting.

WE RECOMMEND THE INCLUSION OF MACROFUNGAL SPECIES IN THE MANUAL OF
INTERPRETATION OF THE HABITATS DIRECTIVE AND THE ASSOCIATED HABITAT FACT
SHEETS FOR HABITATS IN WHICH FUNGI ARE ECOLOGICALLY IMPORTANT AND PLAY A
CENTRAL ROLE IN NUTRIENT CYCLING, PLANT HEALTH, AND BIODIVERSITY
MAINTENANCE (E.G., FORESTS, GRASSLANDS, BOGS, AND FENS).

In May 1992 the Scientific Working Group established by the Habitats Committee recognized the
need for a manual to interpret the habitat types listed in Annex | of the Habitats Directive, i.e.
"Natural habitat types of community interest whose conservation requires the designation of special
areas of conservation".

The resulting document is known as the “Interpretation Manual of European Union Habitats”®’. It
provides standardised definitions of habitat types applicable across all EU Member States.

The manual has undergone several revisions, with the most recent version, EUR28, being adopted
by the Habitats Committee on 25 April 2013.

The Interpretation Manual and the habitat Fact Sheets provide essential guidance for the
identification and management of protected habitats and species, but fungi are not adequately
addressed within these documents.

Each habitat Fact Sheet is divided into five sections, as shown in Figure 42. In Section 2 a list of
characteristic animal and plant species for each habitat type is reported. A characteristic species is
defined as one that helps identify a habitat type, with its presence strongly associated with specific
ecological factors of that habitat (Muller-Kroehling, 2019).

67 https://eunis.eea.europa.eu/references/2435
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The Interpretation Manual should incorporate key fungal species or fungal guilds that are vital to
the ecological processes within specific habitats. This would include:

- threatened or rare fungal species that require conservation attention due to habitat loss or
degradation

- mycorrhizal fungi that form symbiotic relationships with plants in forest, grassland and
heathland ecosystems

- saprotrophic fungi which are responsible for decomposition in terrestrial ecosystems,
contributing to nutrient recycling.

Regular monitoring of key fungal species and their populations will provide a clearer understanding
of the overall health of ecosystems.

In the following focus boxes (from 9 to 12), examples of macrofungal species included in national
habitat Fact Sheets are presented.

Name of the habitat type;
an asterisk (*) indicates a

priority habitat

Natura 2000 code: this is the four digit
code given in the Natura 2000 standard
data-entry form (Appendix B)

Code(s) based on "A classification of
Palaearctic habitats” 1995 version

Definition - general description of the
vegetation, syntaxa, abiotic features, origin

Characteristic animal and plant species,
including details of their occurrence in
Annex I and IV (*=priornity, #=nonpriority
from Annex II'TV, +=Annex IV only)

Corresponding categories, sub-types,
regional varieties, correspondence with
other classification systems, typical sites

Habitat types generally associated in the
field (phytodynamic successions, zonations
OT MOsaics)

Bibliographical references, others than
those mentioned in the
"PHYSIS" database

\

S X |

2140

\
* Decalcified fixed dunes with Empetrum nigrum

PAL CLASS. 1623

n

2)

3

Decalaified dunes colomsed by Enpenim nigrum heaths of the coasts
Syntaxa associated to this habutat type: Empemnion mgri, Calluno
Genistion pilosae p., Ericion tetralicis p.

The term “fixed" should be taken to mean the opposite of "shuftmg” The
psychrophilic coastal association Caricr trinervis-Callunetum vulgaris de
Foucault & Gehu 78 may be includad here

Planty: Carex arenaria, Empetrum migrum, Genista tinctoria, Pyrola
rotundifoha

Corresponding categones

United Kmgdom classification: "H11b Callima vulgaris-Carex arenaria
heath comnmumty, Empenum mgrum ssp. nigrim sub-commmunity™

Gemmman classificaton = "100401 Krihenbeer-Heide der Kisten"In
Germany highly endangered coastal Empenrum nigron heathland on
the Geest are included

Nordic classification: "4 143 Calluna vuilgaris-Empetrum nigrum-Carex
arenaria-typ"

Hunud dune slacks (16.3), grey dunes (16 22), wooded dunes (1622
16.25)

McManus, D. (1988). Plant community dynamics on sand dunes at
Murlough National Natre Reserve, Dundrum, Co. Down, Northern
Ireland. M Phil. Thesis, University of Ulster.

Olsson, H. (1993) Dry coastal ecosystems of southem Sweden In
van der Maarel, E (ed) Ecosystems of the world 24. Dry coastal
ecosystems, polar regions and Europe. Elsevier, Amsterdam pp. 131-
143

Es e, et

Figure 42. Sections of the fact sheet
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Focus Box 9: Macrofungi Included in Habitat Descriptive Sheets of the
Interpretation Manual of EU habitats

Author: Francesca Floccia

Affiliation: see Annex |

Among the habitat types described in the Interpretation Manual of European Union habitats
(European Commission, 2013), there are three for which fungi are explicitly mentioned among the
characteristic species, within the "Plants" group (see Figure 43).

6270 * Fennoscandian lowland species-
rich dry to mesic grasslands

9010 * Western Taiga

* Amylocystis lapponica, Gloiodon strigosum,
Fomitopsis populicola, Skeletocutis odora, S. stellae,
Phlebia centrifuga, Haploporus odorus, Aporpium
cargae, Gelatoporia pannocincata, Phellinus
populicola.

* Hygrocybe spp., Geoglossum spp., Entoloma spp.

9020 * Fennoscandian hemiboreal natural
= old broad-leaved deciduous forests
(Quercus, Tilia, Acer, Fraxinus or Ulmus)
rich in epiphytes
* Auricularia mesenterica, Ganoderma lipsiense,

Eichomitus campestris, Mycena galericulata,
Tricholoma album, T. sulphureum

Figure 43. Macrofungi among the characteristic species of habitat types in the Interpretation Manual of European
Union Habitats.

The habitat type 6270 (Fennoscandian lowland species-rich dry to mesic grasslands) includes three
fungal genera playing a vital role in nutrient cycling and overall biodiversity.

In habitat type 9010 (Western Taiga), 10 fungal species are mentioned. This boreal forest habitat is
rich in deadwood, which creates ideal conditions for various fungi, particularly wood-decaying ones.
Fungi in these ecosystems are critical for decomposition and nutrient cycling, enhancing the
biodiversity and functionality of the forest.

Similarly, habitat type 9020 (Fennoscandian hemiboreal natural old broad-leaved deciduous
forests) includes 12 fungal species. These forests are biodiversity hotspots, particularly for species
associated with deadwood and decomposing materials. The presence of fungi is vital for maintaining
forest integrity, especially in association with old trees and decaying wood.
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Focus Box 10: The Latvian Fungi Included in National Habitat Types

Authors: Inita Daniele, Gita Strode

Affiliations: I. Daniele: see Annex |; G. Strode: Nature Conservation Agency, Director of Nature

Conservation Department

Fungi play a crucial role in various habitat types across Latvia, contributing to biodiversity and
ecosystem stability. In Latvian ecosystems, macrofungi are significant due to their involvement in
nutrient cycling, decomposition, and symbiotic relationships with plants (mycorrhiza). These fungi
are found in a wide range of habitats, from forests and grasslands to wetlands and coastal areas.

The Latvian Nature Conservation Agency®® employs fact sheets for habitat mapping and monitoring.
These fact sheets are used by experts during field inspections to verify the presence of species in
various habitats. This hands-on approach ensures that accurate and up-to-date information is

collected for habitat conservation and management.

Monitoring fact sheets with species names are reported in the web site of the Nature Conservation

Agency Republic of Latvia, section “Biotope mapping methodologies”®°.

More information about each habitat type and species are reported in the Interpretation manual of

European Union protected habitats in Latvia””°.

Key habitat types in Latvia involving fungi are shown in Figure 44.

Grasslands and Coastal habitats

Forests Wetlands
meadows

)
Forests,
particularly
boreal and
temperate
broadleaf ones,
are rich in fungal
diversity.
Mycorrhizal
fungi, which form
symbiotic
relationships
with trees such
as pines, spruces,
and oaks, are
essential for
nutrient uptake
and soil health.

—

)

Fungiin
grassland
habitats often
include
saprophytic
species that help
decompose
organic matter,
contributing to
soil fertility.
Grassland fungi
also include
symbiotic fungi
that assist in
plant nutrient
absorption.

—

)

Wetland
ecosystems,
including peat
bogs and
marshes, harbor
specialized fungi
adapted to
waterlogged
conditions. These
fungi contribute
to the
breakdown of
plant material in
oxygen-poor
environments.

—

)

Coastal dunes
and sandy areas
also support
fungal species,
although the
diversity may be
lower compared
to inland
habitats. Fungi
here are often
adapted to harsh,
nutrient-poor
conditions.

mycorrhizal and

—

Figure 44. Key habitat types in Latvia involving fungi

Woodland

edges and
shrublands

)

These
transitional
habitats can also
support a variety
of fungal species,
including both

saprophytic
fungi. The
diversity is often
influenced by the
plant species
present and the
moisture levels.
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Forests

Common forest fungi in Latvia include species from genera such as Boletus, Russula, Cortinarius, and
Amanita.

Most of the threatened mushroom species are associated with forests, mainly old and deciduous
forests. Mycorrhizal species of oaks (Quercus) are endangered in nemoral (broad-leaved) forests,
which can be explained by the small area of natural oak forests, for example the species Amanita
ceciliae, Entoloma sinuatum, Gyroporus castaneus. On the other hand, such species as
Pseudoinonotus dryadeus, Fistulina hepatica, Urnula craterium and others are associated with dead
oak wood in these forests. In particular, Rhodotus palmatus can be found on Ulmus wood. Latvia is
a country of giant oaks and Hapalopilus croceus and Xylobolus frustulatus are associated with old,
often solitary oaks.

Several endangered mushroom species are associated with boreal (coniferous) forests. Rare
mycorrhizal fungi (Tricholoma apium, Ramaria boreimaxima, Boletopsis grisea), xylotrophs
(Bondarzewia mesenterica) and partial parasites (Sparassis crispa growing at the base of old pines)
can be found in Pinus silvestris forests.

In Picea abies forests, we can find both mycorrhizal fungi (Gomphus clavatus, Hydnellum
suaveolens) and xylotrophs (Pycnoporellus alboluteus, Phellopilus nigrolimitatus, etc.)

Coniferous mycorrhizal fungi Hydnellum aurantiacum, Hydnellum caeruleum are found in various
boreal forests; xylotrophs Erastia salmonicolor, Pleurocybella porrigens, Gyromitra sphaerospora,
dead ground cover saprotrophs Clavariadelphus truncatus, Marasmius wynneae and Sarcosoma
globosum.

Grasslands and meadows

Species such as Clavaria, Geoglossum, and Entoloma are often associated with semi-natural
grasslands in Latvia.

Clavaria zollingeri can be found in natural, unfertilized meadows, pastures, woodlands and other
grassy areas, as well as several rare Hygrocybe spp. species. The main threats to the fungi inhabiting
grasslands are changes in meadow management, disappearance of pastures, fertilisation of
meadows, use of herbicides, overgrowth of meadows, ploughing or afforestation.

Wetlands
Fungi like Sphagnum specialists (associated with peat moss) are common in these habitats.

Pseudoboletus parasiticus, a mycotrophic fungus growing on Scleroderma, is found in wet mixed
forests, while Mitrula paludosa is found in forest ditches and swamps on fallen forest litter.
Xylotrophs lonomidotis irregularis, Rigidoporus crocatus are also found in wet forests, as well as on
Salix spp. growing Trametes suaveolens.

Lentinus tigrinus is found in wet places and often grows on slopes over which water washes.
Desarmillaria ectypa, a species of herbotrophic and bryotrophic fungi associated with different
types of bogs. The main threat to various wetland fungi is drainage and changes in the moisture
regime.




Coastal habitats

Coastal dunes and sandy areas also support fungal species, although the diversity may be lower
compared to inland habitats. Fungi here are often adapted to harsh, nutrient-poor conditions.

Species such as Psathyrella and other sand-dwelling fungi can be found in Latvia's coastal regions.

Agaricus devoniensis, Phallus hadriani, Peziza ammophila are found in the seaside dunes. The main
threats are the impact of tourism and recreation on dunes and coastal forest habitats.

Several rare mushroom species are also found in man-made habitats - parks and gardens. Quercus
mycorrhizal fungi Amanita strobiliformis, Caloboletus calopus, Cyanoboletus pulverulentus are
found in old country parks, but as xylotrophs Bulgaria inquinans, Holwaya mucida, Volvariella
bombycina. Sarcodontia crocea is sometimes found on apple trees in old orchards. Due to intensive
fruit cultivation, such old orchards are endangered all over the world.




Focus Box 11: Environmental Monitoring of Fungi in Sweden

Box edited by experts from Swedish Environmental Protection Agency, Swedish National Forest
Inventory, Swedish Forest Soil Inventory

The Swedish National Forest Inventory (NFI) has been conducting extensive surveys of trees, shrubs,
and ground vegetation since 1923. Over the years, the methods have evolved to meet increasing
demands for data related to biodiversity, climate change, and ecosystem services. This focus box
aims to showcase the contributions of NFI surveys, providing examples of data analysis. These
surveys cover a wide variety of plant species and groups, including trees, shrubs, vascular plants,
mosses, lichens, and fungi. The methods used vary depending on the species and the objective of
each survey, with results highlighting changes in vegetation cover and species distribution over time,
especially for species like bilberry and reindeer lichen.

Data analysis from these surveys reveal trends in species abundance and distribution, which are
crucial for habitat classification and environmental monitoring. The NFI’s efforts provide valuable
insights into forest ecosystems and support informed decision-making in areas like forestry,
biodiversity conservation, and climate change mitigation. The fungi monitored by NFI include
species such as: Phellinus chrysoloma, Fomitopsis pinicola, Climacocystis borealis, Fomes
fomentarius, Phellinus pini, Phellinus igniarius.

Some of the results, based on NFI’s registration of fungal sporocarps, are shown in Figure 45.

In addition, the Swedish Forest Soil Inventory has been collecting humus samples from
approximately 350 forests annually since 2015, in collaboration with the NFI, to analyse fungal
eDNA. This research provides a comprehensive understanding of the dominant and frequent fungal
species in various Swedish forest types, highlighting important mycorrhizal and decomposer fungi.
However, rarer species are less likely to be detected, given the small sample size.

The inventories are conducted on permanent plots (314 m?) shared with the NFI and organised into
square clusters, with denser sampling towards southern Sweden. Fieldwork is carried out in the
summer by trained staff. Soil samples are collected from up to five soil layers, and a separate sample
is taken for eDNA-based analysis of fungal biodiversity. Several chemical properties of the soil are
also measured, such as carbon, nitrogen, base cations, aluminium, and acidity.

The results of the Swedish Forest Soil Inventory are used to monitor national environmental quality
objectives, report carbon stocks within the LULUCF sector (under the UNFCCC), and support
research, education, and public information. Fungal community analysis is based on eDNA extracted
from humus samples, with species identified using ITS2 (Internal Transcribed Spacer 2) markers.
These DNA sequences are analysed through PacBio SMRT sequencing in collaboration with
SciLifeLab NGI in Uppsala. Species composition is identified by comparing the sequences with the
UNITE reference database, which is based on DNA from identified fungal sporocarps and mycelial
cultures.




To ensure accuracy, a species is considered present in a sample only if it constitutes more than 1%
of the total fungal ITS2 markers in that sample. This threshold minimises the risk of identifying
species based on fungal spores or contamination during sample preparation. It also prioritises
precise taxonomic identification over reporting a larger number of observations.

For additional information on typical species per habitat, visit S6k arter - Artfakta from SLU
Artdatabanken’?.
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Figure 45. Total number of logs, categorized into five different species or species groups, recorded from 2007 to 2018.
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Focus Box 12: Development of Plant and Fungal Species Lists for
Habitats to be Proposed for Protection in France

Authors: Yann Sellier, Francis Martin, Frédéric Vincq

Affiliations: Y. Sellier - National Nature Reserve, RNN du Pinail, France, Conservation, Research
officer; F. Martin - see Annex |; F. Vincq - Direction de I'eau et de la biodiversité, Ministere de la
transition écologique et de la cohésion des territoires

In response to the expectations of biodiversity management and conservation stakeholders, and to
contribute to the objective of the National Biodiversity Strategy on species protection, the Flora,
Fungi, Natural Habitats, and National Botanical Conservatories Working Group (FFH-CBN WG) of the
National Council for Nature Protection (CNPN) reactivated, at the beginning of 2023, the
coordinated effort to update lists of protected species of vascular plants for mainland France and
overseas territories and to develop such lists for non-vascular plants and fungi. Upon the proposal
of its president, the CNPN validated on 20 December 2023 the document "Guidelines for the
Development of Plant and Fungal Species Lists for Terrestrial, Aquatic, and Coastal Habitats to be
proposed for Protection." This document, resulting from a collaborative effort (involving numerous
French institutions and associations, including the National Botanical Conservatories), was initiated
in February 2023 by the FFH-CBN WG. This work continues the momentum started during the
group’s previous mandate (2017-2022), following junior engineer internship work on the Revision
of the Regulatory Framework for Flora Protection at the national level that took place in 2017 at the
Water and Biodiversity Directorate (DEB) of the French Ministry of Environment, Energy, and the
Sea. Work commenced in early 2024, with nearly one hundred experts from various organisations
being mobilised to form National Working Groups (GTNs) for the three areas: Vascular Flora, Non-
vascular Flora (algae, bryophytes), and Lichenised fungi. These GTNs are expected, at first, to
translate the above-mentioned guidelines into finalised methodologies for each taxonomic group
by the end of 2024, and then, on the basis of these methodologies, identify lists of species to be
proposed for protection by the end of 2025. The political and validation phases will predece the
publication of the species protection decrees.

Répondant a I'attente des acteurs de la gestion et de la conservation de la biodiversité, et pour
contribuer a I'objectif fixé dans la Stratégie Nationale Biodiversité 2030 en matiere de protection
des espéces, le Groupe de travail Flore, Fonge, Habitats naturels et Conservatoires botaniques
nationaux du Conseil National de Protection de la Nature (GT FFH-CBN du CNPN) a réactivé début
2023 la dynamique concertée d’actualisation des listes d’espéces protégées de flore vasculaire pour
la métropole et les outre-mer, et d’élaboration de listes pour la flore non vasculaire et la fonge. Sur
proposition de son président, le CNPN a validé le 20 décembre 2023 le document « lignes directrices
pour |I"élaboration de listes d’espéces végétales et fongiques des milieux terrestres, aquatiques et
littoraux a proposer a la protection » issu d’'un travail concerté (participation de nombreuses
institutions, dont les Conservatoires botaniques nationaux, associations francaises) entrepris en
février 2023 par le GT FFH-CBN. Ce travail s’inscrit dans la continuation de la dynamique initiée lors
de son précédent mandat (2017-2022), a la suite d’un stage d’éleve ingénieur portant sur la Révision
du cadre de protection réglementaire de la flore sur le territoire national organisé en 2017 au sein
de la Direction de I'eau et de la biodiversité (DEB) du Ministére de I'Environnement, de I'Energie et
de la Mer. Apres la validation des lignes directrices par le CNPN, prés d’'une centaine d’experts de




tous organismes ont été mobilisés pour constituer des Groupes de Travail Nationaux (GTN) pour les
3 groupes taxonomiques: Flore vasculaire, Flore non vasculaire (algues, bryophytes) et Fonge
(champignons, lichens). Dans un premier temps, ces GTN déclinent en méthodologies les lignes
directrices pour chacun des groupes taxonomiques (pour fin 2024), ils identifieront ensuite, sur la
base de ces méthodologies, des listes d’especes a proposer a la protection (pour fin 2025). ||
s’ensuivra un temps politique et de validation avant la parution des arrétés de protection des
especes.




Recommendation 4: Integration of Macrofungi into National and International Environmental
Legislation and Conservation Strategies

Context: Biodiversity conservation laws and strategies at national and international scale.

Purpose: integrate macrofungi into environmental legislation and biodiversity conservation
frameworks.

Target: this recommendation is for National Governments and Ministries which can incorporate
macrofungiinto the National Conservation Strategies, propose legislation that explicitly includes the
protection of fungal species, and promote the inclusion of fungi in the application of international
Agreements, such as Convention on Biological Diversity (CBD), and biodiversity monitoring
frameworks.

It is also intended for the European Environment Agency (EEA), which could advance fungal
conservation efforts at the EU level; and for environmental NGOs and conservation organisations,
such as the International Union for Conservation of Nature (IUCN) and the IUCN Global Fungal Red
List Initiative, which can advocate for legislative changes by providing scientific data and policy
recommendations. Among these, the IMPEL Network could expand its efforts to include fungi.

Finally, it is intended for Academia and mycologists, who can play a crucial role in raising awareness
about fungi providing scientific data and evidence on the extinction risks and importance of fungal
species, biodiversity assessments and recommendations.

WE RECOMMEND THAT ALL STAKEHOLDERS TAKE THE ACTIONS TO FULLY INTEGRATE
FUNGI INTO ENVIRONMENTAL AND BIODIVERSITY CONSERVATION FRAMEWORKS.

WE CALL FOR COLLABORATION AMONG GOVERNMENTS, INTERNATIONAL
ORGANIZATIONS, NGOS, SCIENTISTS, AND THE PUBLIC TO ENSURE THAT FUNGI RECEIVE
THE LEGAL PROTECTIONS NECESSARY TO SAFEGUARD THEIR SURVIVAL.

Legislative and policy measures for promoting the conservation of macrofungi require a
collaborative effort. Multiple and diversified actions are needed at different societal and
governmental levels as briefly outlined in the following and shown in Figure 46.

The first action needed seems to be raising awareness among lawmakers, ministries and
environmental agencies about the crucial ecological role fungi play in our ecosystems, and
partnering with environmental NGOs, scientific communities and mycological societies, which can
support efforts to include fungi in environmental protection laws.

Simultaneously, scientific research and data collection are critical. Comprehensive studies are
needed to identify fungal species, their habitats and ecological roles and to know their distribution.
Through their conservation status and trend and vulnerability to pressures it would be possible to
identify threatened species and quality indicators.

Existing environmental laws should then be amended to explicitly include fungi. Biodiversity
protection laws should recognize fungi as integral to ecosystems, ensuring that they receive the
same protections as plants and animals.
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These actions can lead to the creation of specific regulations aimed at fungal conservation, such as
restrictions on harvesting and habitat destruction or impoverishment, along with guidelines for
sustainable use in economic activities like agriculture and forestry.

International cooperation is also essential. Engaging with global environmental conventions, such
as the Convention on Biological Diversity, ensures fungi are incorporated into international
biodiversity goals.

Public engagement and education play a significant role in this strategy. Increasing people’s
awareness through educational programs, citizen science initiatives and community involvement
can help monitor fungal populations and deter activities that harm fungi.

However, to be able to implement all these actions funding and resources are essential. Dedicated
funding for fungal conservation, research and public education can be achieved through
partnerships between government agencies, academic institutions and private organisations. This
financial support is really needed for the long-term success of fungal conservation efforts.

Raising awareness of
lawmakers

Scientific research and

Partnering data collection

Implementing Implementing International

environmental laws regulations cooperation

Education and public

involvement Funding

Figure 46. Main actions needed to promote the implementation of legislation and strategies for the conservation of
macrofungi

The following focus boxes (from 13 to 14) explore the role of fungi within legislative and policy
frameworks in Europe, showcasing national-level efforts to integrate fungal conservation into
biodiversity strategies. These studies underscore the importance of national legislation in driving
fungal conservation efforts and provide valuable lessons for broader policy development across
Europe.
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Focus Box 13: Fungi in the Legislative Framework of the Republic of
Croatia

Author: Tatjana Lali¢ Sari¢

Affiliation: see Annex |

The fundamental document of nature protection in the Republic of Croatia is the Strategy and Action
Plan for Nature Protection (further in the text: Strategy). The Strategy determines the long-term
goals and guidelines for the preservation of biodiversity and geodiversity, as well as the means for
its implementation. The strategy is drawn up by the Ministry of Environmental Protection and Green
Transition (further in the text: the Ministry) in cooperation with other state administration bodies.
The Strategy, on the proposal of the Government of the Republic of Croatia, is adopted by the
Croatian Parliament. The Ministry performs an analysis of the achievement of goals and the
implementation of activities determined by the Strategy, the legislative and institutional framework,
as well as the sources and use of financial resources for nature protection and, if necessary,
proposes the adoption of changes and/or amendments to the Strategy, or a new strategy. The public
is informed about the results of the analysis by publishing them on the Ministry's website.

The currently valid Strategy and Action Plan for Nature Protection of the Republic of Croatia covers
the period from 2017 to 202572. In the latest report on the state of nature in the Republic of Croatia
for the period from 2013 to 201773, among other things, the total number of fungi and lichens
recorded was stated: approx. 5,500 of which 297 are threatened species (CR, EN and VU).

Croatia became a party to the Aarhus Convention in June 2007. According to the Law on Nature
Protection’4, the public has the right to free access to information about the state of nature. The
Ministry, administrative bodies, competent bodies of local and regional self-government and public
institutions are obliged to ensure the release of data related to the state and protection of nature,
unless confidentiality of data is prescribed by a special law or act of the competent body. During the
drafting of regulations, i.e. acts on the declaration of protected parts of nature, management plans
for protected areas, as well as generally applicable and legally binding regulations and documents
in the field of nature protection, public participation is ensured.

According to the Law on Nature Protection, it is forbidden to exterminate a native wild species,
reduce the number of individuals in a particular population of a native wild species, reduce or
damage its habitat or worsen its living conditions to the extent that that population becomes
endangered. It is not necessary to obtain permission from the Ministry to collect native wild species
for personal use. As far as mushrooms are concerned, collection for personal needs is the collection
of up to 3 kg of above-ground mushroom fruiting bodies per day and up to 0.1 kg of hypogeous
mushroom fruiting bodies per day.

The Law on Nature Protection states that in order to collect, i.e. take from nature for the purpose
of processing and/or selling (commercial purposes) native wild species for which this is prescribed
by the special Ordinance on the collection of native wild species’>, legal and natural persons are

72 Strategy and Action Plan for Nature Protection of the Republic of Croatia.
73 Report on the State of the Environment in the Republic of Croatia

74 Law on Nature Protection

7> Ordinance on the collection of native wild species




required to obtain permission which can be issued by the Ministry on the basis of the Expert basis
for collecting native wild species’®. In addition to animals, plants, mosses, algae and lichens, 22
genera and 88 individual species of fungi are listed in the abovementioned Ordinance.

This permission is issued to them for a maximum period of 3 years, i.e. it is harmonised with the
validity of the Expert basis for collecting native wild species, which is prepared every 3 years. The
Expert basis for collecting native wild species contains special management and protection
measures for a species or group of species from the Ordinance on collection of native species (for
truffles there is a quantity limit which amount up to 0.5 kg of hypogeous fruiting bodies per day and
for other types of mushrooms quantity limit is up to 10 kg per day of above-ground mushroom
fruiting bodies of each species). With regards to mushrooms, the abovementioned Ordinance states
that in some protected areas (strict reserves and national parks) it is forbidden to collect native wild
species from nature for commercial purposes, while, for example, in special reserves it is prohibited
to collect from nature for commercial purposes those of native wild species for which the area is
protected.

Some of the general measures of management and protection of individual species or groups of
mushroom species prescribed by the Ordinance are:

. collecting above-ground types of mushrooms: only the fruiting body of the mushroom is
collected; depending on the shape and place of growth, the fruiting body of the above-
ground mushroom is picked by hand or cut with a knife, without using other tools; it is
not allowed to discard already collected mushrooms in order to collect some others; it is
not allowed to damage the mycelium or the immediate habitat; one third of the total
number of fruiting bodies of each collected species must be left intact in the habitat; it
is not allowed to collect old fruiting bodies; ect.

J collecting hypogeous species of mushrooms: are collected only with the help of a
maximum of two dogs; it is dug only at the point of sniffing; it is dug with a shovel whose
blade is no longer than 15 cm and wider than 8 cm; the holes created by removing the
fruiting bodies of underground mushrooms must be filled again with excavated soil; it is
not allowed to dig holes with a diameter greater than 30 cm; the holes dug by the
underground mushroom collector on the same day must not be at a distance of less than
150 cm,; ect.

The permit holder for collecting native wild species from natural habitats must obtain the consent
of the owner or holder of rights to natural resources before starting the collection, i.e. taking from
nature.

The permit for collecting for commercial purposes contains the conditions and deadline for the use
of native wild species and the obligation to report on the activity carried out. The report must
include a list of the species collected, information on the collected quantities for each species for
which a permit was issued, and information on the place of collection and the time of collection.
Analyses of pressures on populations due to use are determined, among other things, based on
annual reports of collection permit holders.

76 Expert basis for the collection of native wild species 2024 -2026.




Croatia has a Red List of Mushrooms’’ (349 species), based on The Red Book of Mushrooms of
Croatia’® was issued (314 species are covered in detail, see Figure 47).

Helvella queletiana Sacc. et Traverso sensu Dissing
Zilastl hreak

Odjelial: Aw vy o, Reds Pezizahe: Morodica i7ek ellave

TUCN katogurip wgrelenosti u Hrvasshopr kritidno ugroless (CR
Krirersj: D,

= Ehologija Zivi uglam
Y s heasoovis lumams (Q
wow bk )

iumasns (Pages o

pdruln
Tenologhia. Moditie s rarvaan od harogats da v na sondoxern
mom podeuliv, 3 e alsmekean podrod u svibos § lipam

Rasproarangenost veate w Hevarskod, Pornata e same o i

noy bolalests, 03 oroku Kortd

Kaeprontran, vewe @ Pur
(Bomea i M

wugal i Spani

Mrodlodene mgore salnize. Siv v
v lokalinety == kojems jo yois prosadess, treba e
TpusUL] prinednom

Figure 47. Red book of Mushrooms of Croatia (degree of threat, ecology, phenology, distribution, causes of threat,
existing and proposed protection measures)

In the Law on Nature Protection, it is stated that strictly protected species based on the Red List are
declared by the minister by ordinance. The Ordinance on Strictly Protected Species is currently
valid’®. In this ordinance, which lists 55 critically endangered (CR), 76 endangered (EN) and 118
sensitive (VU) and 65 according to the precautionary principle (DD) species of mushrooms, it
prescribes general measures for the protection of strictly protected species and their habitats, the
detailed content of requests for issuing permits for deviations from strict protection measures,
dealing with dead or injured specimens of strictly protected species, the content, the method of
preparation and the procedure for adopting a management plan with an action plan and other rules
of dealing with strictly protected species. The Law on Nature Protection prohibits actions with
strictly protected species: it is forbidden intentional picking, cutting, felling, digging, collecting or
destroying individuals of strictly protected plants, mushrooms, lichens and algae from nature in their
natural range is prohibited. The Ministry can allow a deviation from the prohibitions, but a legal or
natural person is obliged to obtain the permission of the Ministry.

77 Red list of mushrooms
78 The Red Book of Mushrooms of Croatia
7% The Ordinance on Strictly Protected Species




The inspection supervision over the application of Law on Nature Protection and the regulations
adopted based on Law on Nature Protection is carried out by government officials of the Nature
Protection Inspection. Police officers of the Ministry of the Interior carry out inspections if the
inspectors are not present or are unable to intervene. During the inspection, the inspector has the
right and obligation to temporarily confiscate from the supervised persons objects that have
committed a criminal offence, or a misdemeanour provided for in the Nature Protection Act, or a
part of nature, and determine its storage or safekeeping. For confiscated objects and parts of nature,
the inspector issues a certificate and submits an indictment or a criminal report. The competent
court decides on the permanent confiscation of part of nature and object. A part of nature acquired
through an illegal act that is subject to deterioration or cannot be properly taken care of, or if its
preservation requires disproportionate costs, is sold, and the funds generated are revenue from the
state budget, or this part of nature is treated in a way that is most appropriate for its preservation
and protection. In the course of the inspection, the inspector has the right and obligation to issue a
decision to the supervised persons who do not have a permit or other act, by which prohibit them
from picking of protected plants, mushrooms and their parts, the sale of specimens of plant or
animal species and mushroom species protected on the basis of international treaties to which the
Republic of Croatia is a party, keeping, growing, importing and trading protected species, research.
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Figure 48. Photos from the inspection in VVrbanja Forestry, organized by the Public Institution for the Management of
Protected Natural Values of Vukovar-Srijem County, regarding the discovery of the rare and strictly protected Bearded
Tooth (Hericium erinaceus).
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Focus Box 14: Fungi in UK Legislation and Policy

Author: Matthew Wainhouse

Affiliation: Fungi & Lichen Senior Specialist, Chief Scientist Directorate, Natural England, Bristol

The UKs environmental legislation is complex with layers of legislation from pre and post devolution.
Environment is increasingly decentralised with the four legislatures of the UK, Scottish Parliament,
National Assembly for Wales, Northern Ireland Executive and the UK Government (England),
presiding over their own environmental laws and policies. Up until Brexit, environmental standards
were driven by EU Directives and thus far, all these laws have been retained. The absence of the EU
is creating new environmental governance structures in the four countries and diverging responses
to species protections may begin to emerge as the countries develop their own environmental
principles. In all four countries, legal and policy protections for fungi, where they exist, are generally
weak.

Fungi and the protected sites network

The strength of legal protection for nature conservation sites is hierarchical from International to
Local. The internationally designated Natura 2000 sites receive the greatest protection, but in
common with the rest of Europe none are designated for fungi since they were excluded from
Habitats Directive Annex Il Species List.

At the national level, the strongest protections for sites are through the national network of Sites of
Special Scientific Interest (SSSIs) in Great Britain (GB: England, Scotland, Wales) designated under
the Wildlife and Countryside Act, 1981, and Areas of Special Scientific Interest (ASSIs) in Northern
Ireland under The Environment (Northern Ireland) Order 2002. Both were a response to the EU Birds
Directive. There are close to 7,000 SSSIs/ASSls in the UK, 6570 of which are in GB. The legal
protection given to all these SSSIs benefit fungal communities, however just 0.4% of SSSIs have been
designated for non-lichenized fungi (Table 6).

In GB, there is a robust and periodically reviewed criteria for selecting SSSls for lichen (Sanderson et
al, 2018) and other non-lichenized fungi (Bosenquet et al 2018). These are based on ecologically
coherent assemblages of threatened species or functional groups associated with high quality
habitat such as Pinhead lichen, Lichen of Upland Rainforest, Stipitate hydnoid fungi or Grassland
fungi.

Table 6. The number of Protected SSSIs/ASSIs in each of the four countries and Great Britain (England, Scotland and
Wales) with the percentage designated for fungal assemblages (excluding lichen) and lichen assemblages.

Country Number of Sites designated for Sites designated for
SSSIs/ASSIs Fungi (%) Lichen (%)

England 4,130 0.3 2.9

Wales 1,000 0.7 7.7

Scotland 1,440 0.55 4.5

Northern Ireland 400 3.5 2.25

Great Britain 6570 0.4 4




Species-level protection for fungi

As with protected sites, the strictest protections are given to species listed on the European Habitats
Directive, which do not include any fungi. In GB, the Wildlife and Countryside Act also lists 30 species
of lichen and four species of non-lichenised fungi where they are protected from “intentional
picking, uprooting, or destruction” as well as selling and buying (Table 7). The lion’s mane fungus,
Hericium erinaceus, is the only edible species on the Schedule list and the protection given to this
species has been a successful deterrent to its wild harvesting. Scheduled species are reviewed every
5 years and has led to the recommended removal of Royal Bolete Butyriboletus regius after it was
found not to be a British species, though removing its protected status has been slow. In the 2022
review, species assessed as Critically Endangered or Endangered were eligible for inclusion which
would have boosted the number of protected fungi in the UK, but recommendations have yet to be
adopted by the UK Government.

In addition to the protected species, legislation in all four nations identifies priority species for
biodiversity conservation. Priority species are not legally protected but public bodies have a duty
to conserve them where possible in the undertaking of their work. In practice, these protections
have been weak, but the priority species lists have provided a useful framework for conservation
planning. Revision of the priorities species lists have not kept pace with the fungal taxonomy,
including species no longer considered British.

Table 7. The number of fungi (non-lichenised) and lichen species on the officially accepted GB Red List; the Wildlife and
Countryside Act (WCA, GB only); and priority species lists of each country.

Red List WCA (GB Priority Species
(GB only) only)
England Scotland Wales Northern Ireland
Fungi 68 4 63 209 28 14
Lichen 2380 31 95 484 68 5
Total 2448 35 158 693 96 19

Nature Recovery in England post-Brexit

The Environment Act 2021 sets legally binding targets for nature recovery in England, critically for
threatened fungi, this includes a target to reduce extinction risk by 2042, irrespective of taxon
group. A result of this is to move conservation planning away from the priority species to threatened
species with red-lists and their production is now a government policy priority. To date the only red-
list assessments for fungi officially recognised by the UK Government are for Lichen (2012) and
Boletaceae 2013 (2013) (Table 7), but a programme of fungal Red Lists is expected to emerge in the
coming years. While the Environment Act could help reduce extinction risk in fungi, other targets
may also be undermining it. The ambitious tree planting targets in the Act are a direct threat to the
internationally important grassland fungi sites which are largely unprotected and currently without
a recognised red-list. Furthermore, the Government strategy for achieving its nature recovery
targets, the Environment Improvement Plan (2022), makes no explicit reference to fungi in its Apex
Goal “Thriving Plants and Wildlife”, leaving them at risk. Nonetheless, there is optimism that the
Environment Act will benefit fungal conservation in the UK.




References

Bosanquet S., Ainsworth M., Cooch S., Genney D., Wilkins, T., 2018. Non-lichenised fungi. Guidelines
for the Selection of Biological SSSls. Part 2.

Sanderson N., Wilkins T., Bosanquet S., Genney D., 2018. Lichens and associated microfungi.
Guidelines for the Selection of Biological SSSIs. Part 2.




A comment by Eric Boa

There is an unstated tendency by researchers and others to treat separately the conservation of
edible and medicinal mushrooms and the dominant diversity of fungal species which do not have a
practical use to people. Different groups of scientists see the world differently, and it is challenging
to combine and integrate perspectives and priorities.

Edible mushrooms are deserving of particular attention because of persistent concerns about over-
exploitation, despite a lack of compelling evidence to support these concerns. However, all
macrofungi, regardless of their direct importance to people, provide ecosystem services and are an
essential component of the natural world.

Conservation efforts and priorities will differ between functional groups of macrofungi, but not to
the extent that justifies separate and unconnected legislation on edible, medicinal, and other
macrofungi. JoNeF has an important role to play in providing integrated solutions that ensure
effective conservation and sustainable use of all macrofungi.




JoNeF Manifesto: Protecting Fungi, Sustaining Life

A declaration from the Joint Network for wild Fungi (JoNeF)

Statement for the inclusion of fungi in European conservation policies

We recognize fungi as vital components of ecosystems and call for their inclusion in European
environmental conservation policies.

Fungi are indispensable to the health and resilience of the planet’s ecosystems. They play key roles
as decomposers and mutualists driving geochemical cycles. Despite their fundamental contributions
to biodiversity and ecosystem services, fungi remain one of the most underrepresented groups in
conservation efforts across Europe and around the world.

To ensure truly effective nature conservation, all components of biodiversity must be considered,
fungi alongside animals and plants. Including fungi in conservation efforts reflects a more holistic
understanding of ecosystems, where each group contributes essential functions that support the
stability and resilience of natural environments. Strengthening fungal conservation actions in
Europe, through initiatives led by the EU and its Member States, could set a global example and
inspire broader efforts to protect this vital kingdom.

Our Call to Action
We urge European policymakers to recognize the importance of fungi and to:

1. Integrate Fungi into Legislation: Include fungi in all relevant European environmental legislation
and national conservation policies, alongside animals and plants. The absence of fungi from key
directives such as the Habitats Directive limits their protection and conservation. As a first step, we
recommend that in every document, “animals and plants” be replaced with “animals, plants, and
fungi” and “fauna and flora” with “fauna, flora, and funga”.

2. Develop Fungal Conservation Strategies: Establish specific fungal conservation strategies and
action plans at national and European level. These should focus on the protection of threatened
fungal species and the promotion of sustainable habitat management practices that benefit fungal
biodiversity in line with the Global Strategy for Fungal Conservation currently being prepared.

3. Support Research and Monitoring: Invest in research initiatives and monitoring programs that
specifically target fungal diversity, ecology, and conservation. Standardised data collection methods
must be developed to ensure consistent and comparable information on fungal species across
European countries. Including fungi in long-term monitoring programs will enhance our
understanding of biodiversity dynamics and ecosystem health.

4. Promote Fungal Awareness: Launch educational and public awareness campaigns to highlight
the critical ecological roles fungi play and their importance to biodiversity and ecosystems. Greater
awareness will foster public support for fungal conservation efforts and help shift societal
perceptions towards recognizing fungi as equal partners to plants and animals in nature.

5. Foster Collaboration Across Borders: Create a unified European framework for fungal
conservation that encourages collaboration between countries. Shared knowledge, data, and best
practices will be essential for effectively conserving fungal biodiversity on a continental scale and
for integrating fungi into broader conservation strategies.
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The Case for Fungal Inclusion

To conserve nature effectively, we must conserve it completely. Animals, plants, and fungi
together form the foundation of ecosystems. Fungi form the hidden backbone of ecosystems,
facilitating the survival of countless plant and animal species. Without fungi, nutrient cycles would
break down, plant growth would be impaired, and natural environments would collapse.

Despite this, fungi continue to be overlooked in conservation policies. Of the estimated 2.5 million
fungal species worldwide, only about 5-10% has been described, and many face extinction due to
habitat loss, pollution, and climate change. Ignoring fungi in conservation efforts leaves a critical
gap in our understanding and management of biodiversity.

To address the biodiversity crisis, all groups—fungi, plants, and animals—must be included in
conservation policies. Fungal knowledge is nature knowledge, and including fungi will strengthen
conservation outcomes, benefiting entire ecosystems and the species that depend on them.

Our Commitment

We commit to advocating for the full and equal inclusion of fungi in European conservation policies.
Together, we will work towards a future where fungi receive the protection they deserve,
contributing to a more balanced, resilient, and biodiverse Europe.

JeeF Project Teaum
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Glossary

IMPEL: European Union Network for the Implementation and Enforcement of Environmental Law.
Macrofungi: Fungi that produce reproductive structures visible to the naked eye.

Mycoremediation: The use of fungi to degrade or transform harmful substances into less toxic or
non-toxic forms.

JoNeF: Joint Network for wild Fungi, an initiative for fungal conservation in Europe.

Habitats Directive: Directive 92/43/EEC for conserving natural habitats and species in the EU.
Natura 2000: A network of protected areas in Europe to preserve biodiversity.

ISPRA: Italian Institute for Environmental Protection and Research.

IUCN (International Union for Conservation of Nature): Organization providing criteria for assessing
species conservation status.

IUCN Criteria: Standards established by the International Union for Conservation of Nature for
assessing species' conservation status.

Fungal Conservation: The protection and preservation of fungal species and their habitats.

Saprotrophic Fungi: Fungi that decompose organic matter for nutrition and rely on carbon derived
from dead remains of plants, animals and other fungi.

Mycorrhizal Fungi: Fungi that form mutualistic symbiotic relationships with plant roots.
Red List - list of threatened species assessed using IUCN criteria.
Nature 2000: A network of protected areas across the EU for the conservation of biodiversity.

Ecosystem Services: Benefits that humans derive from ecosystems, such as biomass production,
nutrient cycling and carbon sequestration.

Fungaria: Collections of preserved fungal specimens for scientific study (equivalent to Herbaria for
plants).

Biodiversity: The variety and variability of life forms in an ecosystem.
Citizen Science: Public participation in scientific research and data collection.
Environmental Legislation: Laws and regulations aimed at protecting the environment.

Protected Species: Species safeguarded by laws due to their vulnerability or ecological importance.
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