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ABSTRACT 

 

This thesis examines the diversity and substrates of aphyllophoroid fungi with implications 

for their conservation biology. I focused on the distributional patterns of fungi on woody 

substrates, analyzed the diversity and indicators related to their substrates, and developed 

fungal monitoring schemes. The main results are: 

1) A total of 303 aphyllophoroid fungi species were observed on my study site in the 

Archipelago Sea National Park, and a total of 331 species from all study sites. These include 

eight species new to Finland, 30 very rare species in Finland, and seven still undescribed 

species. 

2) Of the five dead wood related indicators of forest naturalness and fungal substrate 

diversity; volume of dead wood provided the best overall agreement with the other indicators. 

Not all indicators were correlated and, as such, the selection of a dead wood indicator can 

considerably affect the output of an assessment. 

3) Fungi occurrence was not related to the availability of different types of dead wood 

substrates, thereby indicating the high importance of specific substrates for species. 

Polypores and corticioids differed from each other in their occurrence patterns. Variation in 

dead wood quality is important for the preservation of wood-inhabiting fungi diversity. 

4) I observed 138 species on black alder (Alnus glutinosa); 27 of which grew solely on 

that tree species. Many of the alder-associated species are rare. Thus, less common trees can 

also host highly diverse and specialized fungal assemblages and within-tree substrate 

variation is ecologically important for fungi. 
5) A more effective systematic utilization of citizen science, databases, modern molecular 

methods and recording sampling information would provide major possibilities for the 

improvement of monitoring and the conservation of lesser known fungi. 

In conclusion, this thesis highlights the ecological significance of diverse substrates for 

aphyllophoroid fungi. Several coarse wood debris (CWD)-related measures that have been 

used to describe substrate characteristics, and to measure forest naturalness, are not consistent 

in their results and are also unlikely to provide consistent indications of fungal substrates. 

CWD-related measures of forest naturalness are thus not recommended to replace on-site 

fungal surveys in the assessment of the value of a particular site for fungi. 

 

Keywords: Aphyllophorales, Baltic Sea, corticioids, polypores, substrates, wood-

inhabiting fungi, woody debris 
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PREFACE 

 

 
My enthusiasm towards both the biodiversity contained within forests, especially on dead 

wood, and the archipelago drove me to develop a doctoral thesis on aphyllophoroid fungi in 

the forests of the Baltic Sea archipelago. I could not image something more fascinating than 

biogeography and the ecology of wood-inhabiting species in the archipelago. I was 

overwhelmed by the island theory. I got the idea for a large-scale field survey of wood-

inhabiting fungi in summer 2007 when I randomly sampled fungal specimens during my long 

leisure-time kayaking trip to the Archipelago Sea. However, I started field trips to this area 

at regular intervals already in 1993. Wood-inhabiting fungi came to my life later, in 2003. 

I remember well my supervisor Jari Kouki’s reaction to my first proposal in August 2008 

regarding my study idea. He barely knew me or my skills or my background but he replied 

rapidly and he was absolutely positive. Jari’s interest and his appreciative attitude towards 

my ideas provided a good starting point for this thesis. It has been a great privilege to work 

in the Forest Biodiversity and Conservation Research Group led by Jari. For me it was 

important to undertake a doctoral thesis in the School of Forest Sciences although my 

Master’s thesis had taken place in the Department of Ecology and Environmental 

Management. 

My second supervisor Kaisa Junninen is one of the most experienced polyporologists in 

Finland and I was very flattered and grateful when she agreed to serve as my second 

supervisor. I knew Kaisa from my previous time in Joensuu when nature conservation and 

polypores were already our shared interests. With the high quality expertise and skills of Jari 

and Kaisa – and their patience too – my data was shaped into this doctoral thesis, for which 

I thank them deeply. 

I am very grateful to Matti Kulju who identified the majority of the corticioid specimens 

in this dataset. His expertise and willingness to help allowed me to include corticioid species 

in this work. Heikki Kotiranta’s unique expertise with the taxonomy of corticioids was also 

at my disposal, for which I am very thankful. With the contribution of Matti and Heikki the 

knowledge of corticioid distribution, ecology and taxonomy has improved considerably. 

My beloved wife Sanna-Mari Kunttu assisted me in many ways during the work: she 

worked as a clerk in the field work, sorted specimens and stored field notes. She also 

empathized the gained results, found rare species and published articles. Without her support 

this work would had been much tougher to perform. During the weeks of field work we spent 

memorable times together on the islands of the Archipelago Sea, which is so dear to us. It 

was valuable that we could combine our hobbies – sea kayaking and outdoor life – into this 

research project. 

Timo Kosonen, Panu Härmävaara, Oskari Härmä, Elina Manninen and Sinikka Kunttu 

also assisted me in the collection of species and forest data during field work. I started field 

work with Timo, and together we pondered the sampling method for fungi. Jorma Pennanen 

kindly identified many fungal specimens and Urmas Kõljalg several specimens of the 

difficult Tomentella-genus. The staff at the Herbarium of Turku University, the Herbarium 

of Helsinki University and the Natural History Museum of Central Finland welcomed and 

handled my thousands of fungal specimens. Pekka Helo kindly provided excellent 

photographs of aphyllophoroid species for use in this thesis. 

I thank Jan Holec and Beatrice Senn-Irlet who kindly and thoroughly pre-reviewed my 

thesis and provided valuable comments and suggestions that have improved it. David Wilson 
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revised the English language. Grateful thanks to Check List – The Journal of Biodiversity 

Data, the Finnish Mycological Society, Elsevier and the Finnish Zoological and Botanical 

Publishing Board for granting permission to include my published articles in this work. 
During my Master’s degree studies in ecology at the University of Jyväskylä, I had great 

friends and colleagues within the taxonomy, biogeography and conservation biology. We had 

a brilliant naturalists’ society called Kryptogamen where my closest friends were Panu 

Halme, Jukka Salmela, Jouni Penttinen, Teemu Nieminen, Oskari Härmä, and Santtu 

Kareksela. In particular, I worked with Panu – both in the forest and the lab - because we 

shared a common fascination for polypores. My namesake guided me to the world of fungi. 

I am grateful to you all for those experiences and for the inspiration to continue my studies. 

I started my Master’s degree studies in forest ecology at the same time as Mai Suominen, 

and since then we have been close friends and shared many of the same interests, such as the 

promotion of forest conservation, forest biodiversity inventories and a devotion to 

archipelago nature. 

Although I spent only a short time at the University of Eastern Finland, Joensuu (for 

analysis and manuscript preparation), I was fortunate to meet many nice colleagues there and 

had rewarding lunch and coffee break discussions about environmental politics, our research 

projects and science in general: Hannes Pasanen, Osmo Heikkala, Harri Lappalainen, Aino 

Hämäläinen, Aino Korrensalo, Matti Koivula and Olli-Pekka Tikkanen, and of course Kaisa 

and Jari. These moments were very important to me. 

My employer WWF Finland looked kindly on my study leave and the finalizing of my 

doctoral dissertation of which I am grateful to Liisa Rohweder, Jari Luukkonen and Petteri 

Tolvanen. 

My dear parents Kristina Kunttu and Tapani Kunttu supported and encouraged me to start 

and complete this doctoral dissertation. They also provided an academic inheritance in my 

childhood home. My dear grandmother Katarina Piha has shown a huge interest towards my 

research and she has told me stories of the academic traditions from the past decades. 

This thesis has been funded by the Ella and Georg Ehrnrooth Foundation, the Education 

Fund, the Varsinais-Suomi Regional Fund of the Finnish Cultural Foundation, Nordenskiöld-

Samfundet i Finland rf, Societas pro Fauna et Flora Fennica, and the Finnish Union of 

Environmental Professionals. 

I dedicate this doctoral thesis to the pioneers of ecological research of the Archipelago 

Sea area: Ole Eklund, Börje Olsoni, Ossian Bergroth, Henrik Skult, Leif Lindgren, Torsten 

Stjernberg, Sakari Hinneri, and Rauno Tenovuo. Their work has been important and 

motivational to me and I see myself as a continuum of this distinguished group of naturalists. 

 

In Dalsbruk beside the Archipelago Sea, May 2016 

 

Panu Kunttu 

 

 

 

"In the end we will conserve only what we love, we will love only what we understand, and 

we will understand only what we are taught." Baba Dioum 1968 
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1. INTRODUCTION 
 
 

1.1 Biodiversity in dead wood in Fennoscandia 

 

Dead wood has a fundamental role in forest ecosystems. In addition to biodiversity (Esseen 

et al. 1997; Siitonen 2001; Stokland et al. 2004; Jonsson et al. 2005), dead wood contributes 

to soil formation, nutrient recycling, energy circulation, seedbed creation and also serves as 

a carbon store (Hyvönen and Ågren 2001; Janisch and Harmon 2002; Lonsdale et al. 2008). 

The dynamics of deadwood; volume and quality, are determined by tree mortality and 

decomposition over time (Grove 2002; Jonsson et al. 2005). In natural boreal forests, 

recurring disturbances, from small-scale gap perturbations to stand-replacing catastrophic 

events, kill trees and create dead wood (Jonsson and Kruys 2001). The disturbances are 

caused by different natural events like forest fires, storms, heavy snow or insect and pathogen 

outbreaks (Kuuluvainen 1994). 

In pine-dominated old-growth forests, the volumes of dead wood in coarse woody debris 

(CWD; minimum diameter 10 cm, see Enrong et al. 2006 for detailed definitions) vary from 

ca. 60 to 120 m3 ha-1 in the southern and middle boreal zones in Fennoscandia and ca. 20 m3 

ha-1 in the timberline forests in the northern boreal zone (Siitonen 2001). The mean volume 

of CWD in old-growth Norway spruce (Picea abies) forests varies from 19 m3 ha-1 in the 

north boreal zone near the timberline, to 201 m3 ha-1 in the southern part of the middle boreal 

zone (Linder et al. 1997; Sippola et al. 1998). The proportion of CWD is often about 20–30% 

of the total stand wood volume (Sippola et al. 1998; Siitonen et al. 2000; Karjalainen and 

Kuuluvainen 2002). 

Dead wood is important for biodiversity because of the large number of species that are 

dependent on dead wood (saproxylic species) in boreal forests (Esseen et al. 1997; Jonsson 

and Kruys 2001; Lassauce et al. 2011). Fungi, invertebrates, lichen and bryophytes are 

particularly dependent on dead wood as a substrate (Jonsson et al. 2005; Stokland et al. 2012). 

There are 5800–7000 dead wood dependent species in Fennoscandia (Dahlberg and Stokland 

2004; Stokland et al. 2004). The number of wood-decaying fungi species is ca. 2500 and of 

this, 1270 are the fungal species of Basidiomycota (Stokland et al. 2004). In Finland, 87% of 

aphyllophoroid fungi grow in various kinds of forests and 75% are decayers (Kotiranta et al. 

2009). 

Intensive forest management has dramatically reduced the volume of dead wood in 

Finnish forests, and forests are currently managed so that an even-aged cohort of one tree 

species is grown on each stand with very little dead wood present (Siitonen et al. 2000; Kouki 

et al. 2001). Currently, there is, on average, less than 4 m3 ha-1 of dead wood in Southern 

Finland, with slightly higher values in coastal areas (Juntunen 2014). In protected forests, the 

average dead wood volume is around 10 m3 ha-1 and 16.7 m3 ha-1 in newly established nature 

reserves in Southern Finland (Hokkanen et al. 2005; Siitonen et al. 2012). At the landscape 

level, the average amount of CWD has been reduced by 90–98% in comparison to natural 

boreal forests (Siitonen 2011; Kuuluvainen 2002).  

The dead wood volume represents a measure of substrate and resource availability for 

saproxylic organisms. Several studies have demonstrated a positive significant correlation 

between the local quantity of dead wood and the number of saproxylic species (e.g. Økland 

et al. 1996; Grove 2002; Junninen and Komonen 2011; Lachat et al. 2012). The decline in 

the amount of dead wood has had major consequences for saproxylic species: the decline in 
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dead wood is at least one of the causes for the decline in over 500 red-listed species in Finland 

(Rassi et al. 2010) and, furthermore, may even have led to a loss of over 50% of the original 

saproxylic species in managed forests (Siitonen 2001). For example, one of main threats to 

94% of species currently classified as threatened is change relating to forests, and the most 

significant cause is the decreasing amounts of decaying wood (Kotiranta et al. 2010). 

According to the large review study by Gao et al. (2015), there is strong evidence for a 

positive correlation between the volume of dead wood and wood-inhabiting fungal species 

richness.  

 

 

1.2 Forest naturalness and its indicators 

 

Forests cover most of the boreal zone, although large, non-fragmented primeval forest areas 

can currently be found only in Siberia and northern Canada (Aksenov et al. 2002; Lee et al. 

2006). Other parts of the taiga zone have been influenced by human activities and have 

encountered human impacts of variable intensity. Many regions have been used for timber 

production for decades and modern forestry practices have largely changed forest ecosystems 

(Bryant et al. 1997). 

The main threat to forest biodiversity is the loss of naturalness of forest ecosystems as a 

consequence of intensive ecosystem management (European Environment Agency 2014). To 

protect forest biodiversity and threatened forest-dwelling species, it is important to recognize 

the features of naturalness and the characteristics of the forests that species depend on. It is 

also important to use reliable and time saving methods to assess naturalness and the 

conservation value of forests when promoting the protection of forests at all levels.  

Approximately 75% of Finland’s land area is forest (Kaila and Ihalainen 2014). However, 

less than 5% of forests can be defined as natural-like old-growth forests (Punttila and 

Ihalainen 2006). Forestry has changed the natural dynamics of forests and this can be seen as 

a structural simplification at the stand level. Natural dynamics and disturbances have 

disappeared and have been replaced by repeated thinnings and clearcuts that maintain 

structurally monotonous forests (Esseen et al. 1997; Östlund et al. 1997; Kuuluvainen 2009; 

Kuuluvainen and Aakala 2011). Consequently, 36% of threatened species in Finland are 

forest species and 67% of forest habitat types are threatened (Raunio et al. 2008; Rassi et al. 

2010). 

An assessment of forest naturalness can serve simultaneously as a surrogate for 

biodiversity (Noss 1999; Thompson 2006; Rondeux and Sanchez 2010). Different types of 

forest biodiversity indicators have been generated (e.g. Jonsson and Jonsell 1999; Noss 1999; 

Thompson 2006). Dead wood as a forest naturalness indicator appears to be a very practical 

tool for revealing habitats of dead wood dependent species and assessing the conservation 

value of new forest conservation areas (Jonsson et al. 2005; Mönkkönen et al. 2008; Siitonen 

et al. 2012). Nevertheless, there is an urgent need to improve assessment methods and to 

compare the different methods. This is needed, for example, for forest policy and 

conservation planning (Winter et al. 2010; European Environment Agency 2014; Machado 

2014). 

Forest naturalness has three dimensions: structure, species, and processes (Brūmelis et al. 

2011; Ikauniece et al. 2012). The most important components of the structural dimension of 

natural forests include the amount and type of dead wood and their continuity (Stokland et 

al. 2004). Dead wood is an essential characteristic of natural boreal forests and it is essential 
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resource for saproxylic species.  It can be also used as a surrogate for species number and 

processes (Similä et al. 2006; Lassauce et al. 2011). 

Several dead wood based methods have been used to assess naturalness in boreal forests. 

The volume of dead wood is the most widely used measure (e.g. Stokland et al. 2004; Similä 

et al. 2006; Winter 2012). The diversity of dead wood can be expressed as the number of 

combinations formed by tree species, quality, decay class and diameter classes present on 

each sample plot (Siitonen et al. 2000). The number of cut stumps per hectare has been used 

as a quickly measured indicator of forest naturalness (Uotila et al. 2002; Rouvinen and Kouki 

2008; Wallenius et al. 2010). The dead wood continuity profile summarizes the quantitative 

and qualitative composition of dead lying wood at the stand level (Stokland 2001). The 

continuity profile is based on diameter and the decay stages of dead wood and results from 

four main processes: regeneration, tree growth, tree mortality and decomposition. It can 

provide information in regards to the long-term forest history. Kelo trees are a special kind 

of substrate in old-growth boreal pine forests. A kelo is an old, dead Scots pine (Pinus 

sylvestris) tree with a hard and silver grey, decorticated trunk surface, and its formation and 

decomposition takes hundreds of years (Sirén 1961; Leikola 1969; Tarasov and Birdsey 

2001; Niemelä et al. 2002). Such processes occur in natural forests only, and thus the number 

of kelo trees may be a good indicator of forest naturalness.  

Despite the obvious potential of dead wood for the assessment of forest naturalness and 

the substrates that it can provide for the sparoxylic organisms, there is no widely used and 

generally applicable method for carrying out this assessment. In fact, there is an urgent need 

to understand how the different dead-wood related measures correlate with each other and to 

what aspects of forest naturalness they may be linked to in the field. 

 

 

1.3 Aphyllophoroid fungi 

 

1.3.1 Aphyllophoroid fungi in Finland 

 

Aphyllophoroid fungi constitute non-gilled form-groups of the Basidiomycota. They 

comprise a diverse group of various kinds of fungi, such as corticioids, polypores and 

clavarioids. These fungal groups are highly diverse and taxonomically polyphyletic (Hibbett 

et al. 2014). In this thesis, I use the term aphyllophoroid fungi as a synonym of polypores, 

corticioids, corticioid heterobasidioids and wood-decaying hydnaceous fungi for pragmatic 

reasons. The species division into polypores and corticioids was based on Niemelä (2005), 

Kotiranta et al. (2009) and Bernicchia and Gorjón (2010). In general, the two groups differ 

from each other based on the appearance of sporocarps: polypores have a poroid and 

corticioids a non-poroid hymenophore. Only the wood-inhabiting species of these groups 

were included in this study (saprobes, parasites or mycorrhizal). However, the clavarioid taxa 

were excluded due to their taxonomical uncertainty. 

The first Finnish checklist of aphyllophoroid fungi was published in 2009 and contained 

980 aphyllophoroid species (Kotiranta et al. 2009). Of these, 756 are species of my target 

groups and 489 of them also occur (some even solely) on the southwestern coast of Finland 

where the study sites are situated (Kotiranta et al. 2009). The number of polypore species in 

Finland is 240 and the number of corticioid species is 422 (Kotiranta et al. 2009; Niemelä 

2012). After the publication of the check-lists in 2009, at least 35 species new to Finland 

have been reported, and abundant biogeographical knowledge has accumulated, especially in 
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regard to corticioids, polypores and clavarioids (e.g. Kunttu et al. 2011, 2012, 2016a,b; 

Miettinen et al. 2012a,b; Niemelä 2012; Kotiranta and Larsson 2013, Kotiranta and Shiryaev 

2013; Spirin et al. 2013a,b; Juutilainen 2016). 

To date, only a few intensive inventories covering all or almost all aphyllophoroid species 

have been carried out in Finland (Kotiranta and Shiryaev 2013). Usually, aphyllophoroid 

species are divided into morphological groups, such as polypores, corticioids, clavarioids and 

tremelloids, and the studies usually focus on just one or two of these (e.g. Pippola and 

Kotiranta 2008; Shiryaev 2008; Juutilainen et al. 2011; Markkanen and Halme 2012). 

Collection of non-poroid aphyllophoroid fungi is time-consuming: for example the 

sporocarps of corticioids are small in size and mostly grow underneath the substrate. Most of 

these species need to be identified with a microscope. It is thus likely that many such species 

are still unrecognized or inadequately known. 

Aphyllophoroid fungi (mainly polypores) are widely used as indicators of ecological 

value in boreal forests (Karström 1992; Kotiranta and Niemelä 1996, Nitare 2000; Savola 

2015). Many of these species are particularly old-growth forest indicators, but some herb-

rich forest, deciduous forest and semi-natural habitat species are also included. In particular, 

red-listed aphyllophoroid fungi are regarded as key biodiversity indicators in forests, and 

their indicator value has been explored and tested several times (Nilsson et al. 1995; Similä 

et al. 2006; Djupström et al. 2008, 2010). 

 

1.3.2 Occurrence on substrates 

 

Conservation of wood-inhabiting fungi requires sufficient knowledge of their occurrence on 

woody substrates and on the habitat factors that affect these species. Of the aphylloporoids 

included in my study, polypores are probably the most commonly studied dead wood 

associated fungi (see the review by Junninen and Komonen 2011). Other wood-inhabiting 

fungal groups remain less studied, although corticioids, for example, have received 

increasing attention in recent years (Küffer and Senn-Irlet 2005; Küffer et al. 2008; 

Juutilainen et al. 2011). However, comparative studies of quantitative data on fungal groups 

other than polypores are still quite rare. Polypores and corticioids have often been considered 

as one group (e.g. Penttilä and Kotiranta 1996; Heilmann-Clausen 2001) but the ecological 

justification for this is not usually explicitly stated. Indeed, if occurrence patterns differ 

between groups, polypores and corticoids may have different roles in the decomposition of 

wood and, therefore, their roles may also differ in ecosystem functioning (Hakala et al. 2004; 

Juutilainen 2011). 

There are several stand-scale factors that affect the occurrence of wood-inhabiting fungi: 

the age of the forest, successional stage, state of naturalness, management history, size and 

connectivity of forest patches, tree species composition, and the amount and quality of dead 

wood (Junninen et al. 2006; Stokland and Larsson 2011; Ylisirniö et al. 2012; Magnusson et 

al. 2014). However, in this thesis, I concentrate on the tree level dead wood factors: tree 

species, decay stage, dead wood type, and diameter of the dead wood units. These all are 

known to affect species-richness and the abundance of wood-decay fungi (Høiland and 

Bendiksen 1997; Sippola and Renvall 1999; Heilmann-Clausen and Christensen 2004; 

Ylisirniö et al. 2012). However, the species-specific occurrence patterns of fungi on different 

substrates are often based on non-systematic descriptive observations. Moreover, only 

positive records are available in many studies. In addition, null records or uninhabited 

substrates and habitats should be reported and analyzed, to provide a comprehensive 

description of species occurrence. 
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Finally, our knowledge of how less common host tree species affect fungal diversity is 

rather unclear. High volumes and large qualitative variation of dead wood in common species 

is likely to be important but it is not clear whether less common hosts also show the same 

patterns. For example, non-dominant aspen in boreal zones is known to be a key host for 

many saproxylic species (Junninen et al. 2007; Lõhmus 2011), while rare substrates can host 

highly specific species (e.g. Niemelä et al. 2002; Yurchenko 2006). If this is more widely 

true, then rare hosts may contribute significantly to regional fungal diversity and have a major 

role in the conservation of fungal diversity. In Finland, black alder is common only on the 

coast and archipelagos of the Baltic Sea where it is one of the dominant broadleaved tree 

species, but elsewhere it mainly grows intermixed.  

Black alder often occur in riparian habitats, sea shores and wooded swamps (Mäkinen 

1978). These habitats are classified in many cases as habitats of high conservation value 

(Ingerpuu et al. 2001; Raunio et al. 2008). However, in regard to wood-inhabiting fungi, 

black alder has received little study in Europe. In Western Eurasia, a small number of studies 

have concentrated on the ecology of wood-inhabiting fungi of black alder (or its close relative 

grey alder Alnus incana) (Strid 1975; Keizer and Arnolds 1990; Safonov 2014). In addition 

to these, field notes of species found on black alder can be traced from Kotiranta and Niemelä 

(1996), Niemelä (2005), Kotiranta et al. (2009) and Safonov (2006). Naturally, alders are 

included in many general polypore surveys (e.g. Küffer and Senn-Irlet 2000, 2005; Junninen 

and Kouki 2006; Hottola and Siitonen 2008; Komonen et al. 2008). 

In general, different fungi have a different role in the wood decay process (Hakala et al. 

2004; Fukasawa et al. 2011; Rajala et al. 2015), and the occurrence patterns of fungal groups 

may indicate that they have a distinct role in these processes. In fact, numerous studies have 

shown that a succession of fungal species is involved in the wood decomposition process 

(Renvall 1995, Fukasawa et al. 2009; Rajala et al.  2011), although these studies have rarely 

looked at the whole fungal decay-assemblage simultaneously. To understand better the decay 

process under natural conditions in forest ecosystems and the role of the different fungal 

groups in it, there is a need to analyze whether specific decayer groups are associated with 

specific substrate types. 

 

 

1.4 Fungal monitoring 

 

Conservation of biodiversity requires reliable data on species occurrence over time and space. 

Normally, monitoring is based on observations that were either randomly made or were 

conducted in a systematic field survey. Such data are useful, for example, in the selection of 

new nature conservation areas, red-list evaluations and even to assess global change of forest 

ecosystems (Pressey et al. 1993; Dahlberg and Mueller 2011). However, this occurrence data 

is not always accurate, and this may seriously undermine conservation priorities and 

scientific conclusions (Molina et al. 2011; Jetz et al. 2012). Complete or highly representative 

species surveys are expensive, and often there are no experts available that could make these 

surveys. Consequently, fungi are often under-represented in the conservation literature 

(Heilmann-Clausen and Vesterholt 2008). 

Macrofungi records have been mainly derived from fungal foraying, i.e. random walks 

by mycologists. A similar common method includes the opportunistic search for species, 

which means a careful walk through a study site to collect visible sporocarps, and emphasis 

is laid on sampling many habitats and substrate qualities to collect a high number of species 
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and presumably get a representative picture of the species composition of the study site 

(Stokland and Sippola 2004). However, the estimation of population sizes and trends based 

on traditional observation data is often difficult or impossible (Pyke and Ehrlich 2010), 

because fungarium specimens and database records do not include information on the extent 

and nature of the collection effort. Furthermore, they lack information of negative records, 

which are as important as positive ones in the evaluation of population trends (Rhodes et al. 

2006). 

Many fungal groups do not produce visible sporocarps or otherwise they cannot be 

detected in traditional surveys. However, these can now be studied using molecular methods 

(e.g. Jones et al. 2011; Liu et al. 2011). Moreover, macrofungi are difficult to survey due to 

unpredictable sporulation patterns, such as a short or non-annual sporulation cycle (Straatsma 

et al. 2001; Lagana et al. 2002; Halme and Kotiaho 2012; van der Linde et al. 2012). 

Molecular analysis of environmental samples might overcome these shortcomings and 

provide a more realistic or at least a different insight into macrofungal community structure 

than offered by field observations of sporocarps (Porter et al. 2008; Geml et al. 2009). 

Globally, more than 600 biodiversity information databases exist for data storage (Borges 

et al. 2010). However, most are taxonomically or regionally restricted. Moreover, the 

development of the databases has not been coordinated. Even though the Biodiversity 

Information Standards (2016) has attempted to standardize the databases, there is a high 

variation in the database structure and usability. Within mycology, a rapid development of 

molecular databases has exacerbated the situation further. Currently, the molecular 

information is spread over dozens of databases with different levels of accuracy in the 

nomenclature and quality of the included sequences (e.g. Abarenkov et al. 2010; Öpik et al. 

2010; Benson et al. 2011). 

Clearly, there is a need to improve and develop fungal databases that can be used for 

population trend monitoring and conservation purposes. Databases should also collect 

information on the sampling effort, utilize modern molecular methods and the efforts of 

citizen science.  

 

 

1.5 Aims of the thesis 

 

Studies I and II deal with species richness and the diversity of aphyllophoroid fungi. The aim 

was to explore what species occur in the forest of the Baltic Sea islands, SW Finland. 

According to earlier inventories of other taxa carried out in this area, it was expected to find 

a high number of species, although the diversity of aphyllophoroid fungi has never been 

extensively studied there before. Furthermore, the taxonomy, ecology and distribution of 

some corticioids species new to Finland were explored. 

Several measures related to dead wood i.e. the substrate for wood-associated fungi, have 

been used as indicators of forest naturalness, but their general applicability and comparability 

is unclear. In study III, I explored the relationships between the five different dead wood 

related indicators of forest naturalness: volume of dead wood, dead wood diversity index, 

number of cut stumps, dead wood continuity profile and number of kelo trees (specific type 

of dead pine trees) to answer the following questions: Do the different methods used to assess 

forest naturalness provide similar indications of naturalness? Do the different indicators rank 

sites similarly? If the indicators provide inconsistent results, they are unlikely to be equally 

useful indicating fungal diversity patterns. 
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In study IV, I connect fungi occurrence to their substrates and, in particular, compare the 

groups of wood decay fungi; polypores and corticioids. The objective was to analyze whether 

these two groups have similar ecological roles in relation to dead wood substrates. Therefore, 

I made a comparison of the occurrence of the two fungal groups among all surveyed dead 

wood material (including empty units), with special emphasis on the species of conservation 

concern.  

To explore within-host tree substrate patterns, study V was conducted to reveal if a 

regionally uncommon host tree that is locally quite common can act as a habitat for large or 

specialized fungal assemblages. The study focused on black alder. All fungal species were 

analyzed for their occurrence on substrates: type, diameter, and decay stage, as well as the 

proportion of records made on black alder. I also aimed to identify generalist and specialist 

species associated with black alder.  

Finally, in study VI I used the experiences what I accumulated in sampling and handling 

the fungal material of studies I, II, IV and V. This article analyzed and reviewed the methods 

used for gathering information on species occurrences in mycology in study VI. In this study, 

I reviewed the ways that fungal records have been obtained and documented in the past, and 

investigated how more recently developed molecular methods and online database platforms 

may boost fungal monitoring in the future. Based on this analysis, the potential to improve 

the quality of fungal recording databases was evaluated so that they can be used to draw 

reliable conclusions in regard to fungal diversity and improve population trend monitoring.  

 
 

2. MATERIALS AND METHODS 
 
 

2.1 Study area 

 

The fungal and dead wood data were collected from 40 islands (Fig. 1) in the eastern part of 

the Archipelago Sea within the Baltic Sea, SW Finland (approx. 60° N, 22° E; 0–42 m a.s.l.). 

The islands were selected based on their size, dominant forest habitat type and location in the 

archipelago zone. The size of the study islands were 8–191 ha (median 23 ha), and the total 

area of the 40 islands was 1731 ha. The forest area of the islands ranged from 3 to 159 ha 

(median 20 ha) and covered 1442 ha of the total area. The characteristics of the study islands 

are given in study III. Of these, 27 islands were sampled for both polypores and corticioids, 

and on 13 islands only polypores were sampled. In study IV, 27 islands and in study V 38 

islands were included in the analyses. 

The islands were classified as being located within the outer or middle archipelago zones 

(Stjernberg et al. 1974; Lindgren and Stjernberg 1986). The zonation is based on the relative 

prevalence of the sea and land and also on general features of the vegetation. The forests in 

the study area are dominated by Scots pine (Pinus sylvestris), black alder (Alnus glutinosa) 

and downy birch (Betula pubescens). Norway spruce (Picea abies), aspen (Populus tremula) 

common hazel (Corylus avellana), and rowan (Sorbus aucuparia) also occur fairly 

commonly. Silver birch (Betula pendula) grows mostly in the middle archipelago zone, but 

rarely in the outer zone. In regard to study V, black alder grows typically in this area either 

in herb-rich forests or on stony shores. The islands can be classified into three groups based 

on their habitat types: herb-rich, mesic heath and xeric/barren heath forests (III). The group 
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was determined according to the dominant habitat type on each island (at least 40% of the 

area). 

The area is located in the hemiboreal zone and is part of the biogeographic province of 

Regio aboënsis (Varsinais-Suomi) (Ahti et al. 1968; Knudsen and Vesterholt 2008).The 

archipelago of the Archipelago Sea is the largest archipelago in the world in regard to the 

number of islands. There are 41,000 islands and skerries with a minimum size of 100 m2. The 

area is characterized by its geographical location in the Baltic Sea (brackish water), 

geological history with glacial period and its formations, a long history of both open and 

wooded pastures, and a fragmented mosaic of different biotopes (Lindgren and Stjernberg 

1986; von Numers 1995; Lindgren 2000). The area of the Archipelago Sea is 8300 km2. After 

the glacial period, most of the islands have emerged from the sea over the past 4000–5000 

years, and land uplift is still an ongoing process; 3-5 mm a-1 (Skult 1956; Kakkuri 1987). The 

islands consist mainly of gneiss and granite bedrock with soil layers of moraine, sand or 

gravel deposition (GTK 2015). 

The study area is located mostly inside the Archipelago Sea National Park (founded 

1983), but I also included some study sites from islands that surround the national park. In 

total, the study area covers 151 km2 of land and 2896 km2 of sea, and contains 8384 islands 

or skerries (size at least 100 m2). However, only 23% of land area is protected, and the 

remainder located inside of the boundary (see I), is unprotected privately owned land. 

The area is a particularly good environment for studies on structural characteristics and 

naturalness of forests. For example, when comparing the average volume of dead wood in 

the archipelago to the national-level average volume of dead wood, it is clear that there is 

more dead wood here than in Southern Finland in general (Juntunen 2014; III). It is essential 

 

 

Figure 1. Location of the study sites. Round symbol refers to the study site with survey of 

polypores and corticioids, and triangle symbol refers to the study site only with polypore 

survey. 

 



19 
 

 
 

to note that the structure and forest types are very diverse in the archipelago forest due to 

environmental factors, and despite high levels of CWD there is also a historic human 

influence on many of these island ecosystems. Herb-rich forests and xeric or barren heath 

forests are more common here than elsewhere in Southern Finland (Kuusipalo 1996). In 

general, archipelago forests are rather little studied: studies have been done on eutrophic 

deciduous woods (Hinneri 1972), forest resources (Simojoki 1975), and on the distribution 

of conifer and deciduous forests (Koskinen 2011) and a number of studies have been carried 

out in relation to forests and tree stands (Tenovuo 1955; Skult 1956; Korvenpää et al. 2003). 

Nevertheless, forest vegetation and botany have been studied in the area of Archipelago Sea 

for over 100 years (Bergroth 1894; Eklund 1931; Olsoni 1939; von Numers and Korvenpää 

2007). 

 

 

2.2 Sampling of fungal data (I, II, IV, V) 

 

Polypores and corticioids were surveyed and sampled in 2008–2010 between late July and 

early November, which corresponds to the peak sporocarp (fruit body) formation season for 

these fungal groups in Finland (Halme and Kotiaho 2012). Each study site (island) was visited 

once, and each fungal species found on one dead wood unit was considered as one record. 

The fungal survey was based on the detection of the sporocarps and is a widely-used and 

established method to survey wood-inhabiting fungi in field studies (e.g. studies described in 

Halme et al. 2009). 

The search effort of fungi was proportional to the size of the island (i.e. substrates were 

inventoried in relation to island area): one dead wood unit was surveyed for every two 

hectares for four tree species and five diameter categories (see Tables 1 and 2 for division). 

The aim was to have an equal number of dead wood units in each category within an island, 

but not enough dead wood was available for all wood categories on all islands. Every 

inventoried dead wood unit was classified or measured based on dead wood type (Tonteri 

and Siitonen 2001), diameter, decay stage (McCullough 1948; Renvall 1995) and tree 

species.  

In total, 10,874 dead wood units were surveyed (Table 1 and 2), although the number of 

analyzed dead wood units was different between studies, and none of the studies included all 

units. 
 
 
Table 1. Number of investigated units of dead wood for polypores (40 islands) according to 

their diameter category (cm) and tree species. 

 

Tree species Downed 
3–9 cm 

Downed 
10–19 cm 

Downed 
20–29 cm 

Downed 
≥ 30 cm 

Dead 
standing 
trees ≥10 
cm 

Total 

Scots pine 760 739 686 543 745 3473 
Black alder 728 713 533 273 718 2965 
Birches 

582 510 352 195 457 2096 
Other tree 
species 702 490 357 286 505 2340 

Total 2772 2452 1928 1297 2425 10 874 
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Table 2. Investigated units of dead wood for corticioids (27 islands) according to their 

diameter category (cm) and tree species. 

 

Tree species Downed 
3–9 cm 

Downed 
10–19 cm 

Downed 
20–29 cm 

Downed 
≥ 30 cm 

Dead 
standing 
trees ≥10 
cm 

Total 

Scots pine 464 456 412 351 466 2149 
Black alder 414 399 279 156 405 1653 
Birches 

317 277 193 112 256 1155 
Other tree 
species 393 294 215 147 285 1334 

Total 1588 1426 1099 766 1412 6291 

 

 
In total, 8532 fungal records at species or genus level were made. The fungi were identified 

in situ or collected for microscopic identification (3632 specimens): 96 specimens remained 

at the genus-level and it was not possible to identify 114 specimens. The specimens were 

identified by Matti Kulju, Panu Kunttu, Heikki Kotiranta, Jorma Pennanen, and Urmas 

Kõljalg. Voucher specimens were deposited in the herbaria of the Universities of Turku 

(TUR), Helsinki (H) or Jyväskylä (JYV). 

The nomenclature of the genus Hyphodontia sensu lato follows Hjortstam and Ryvarden 

(2009), the polypores mainly follow Niemelä (2005), and the other groups mainly follow 

Kotiranta et al. (2009). Some names and combinations are presented in Singer (1944), 

Nilsson and Hallenberg (2003), Bernicchia and Gorjón (2010), Miettinen and Larsson 

(2010), Miettinen et al. (2012b) and Spirin et al. (2013b). The Finnish national red-listing 

evaluation of the IUCN Red List Categories is in accordance with Kotiranta et al. (2010), 

studies I and IV are also in accordance with Rassi et al. (2001). Indicator species of old-

growth forest (I, IV, V) are in accordance with Kotiranta and Niemelä (1996) and with Savola 

(2015) in study IV. 

 

 

2.3 Sampling of dead wood data (III) 

 

I used line intersect sampling (LIS) and sector sampling (also called belt sampling) (Van 

Wagner 1968; Shiver and Borders 1996; Kangas et al. 2004) to measure the above-ground 

dead wood on the islands. The length of the line was determined in relation to the size of the 

forested area of each island: 50 m of line was surveyed for each forested hectare. A total of 

8667 units of dead wood were measured along the study lines, with a total length of 72.1 km. 

In total, 12 tree species or genera were observed. The field work was carried out in 2009–

2010.  

Every intersected dead wood unit with a minimum diameter of 3 cm and a minimum 

length of 30 cm was measured. Measured characteristics were dead wood type (Tonteri and 

Siitonen 2001), tree species, length, decay stage and diameter. Decay stage was determined 

using five classes according to Renvall (1995). Kelo trunks of Scots pines were recorded, 

although Juniper (Juniperus communis), a common shrub in the archipelago, was excluded. 
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Forest and other habitat types were recorded along the line according to Kuusipalo (1996) 

and Laine and Vasander (1998). Standing dead trees and stumps were counted using the belt 

sampling method with a transect of 1 m width on both sides of the study line. A more detailed 

method description can be found in study III. 

 

 

2.4 Data classification and analyses 

 

2.4.1 Indicators of forest naturalness (III) 

 

In study III, the rank-based Spearman’s correlation were used to explore the pair-wise 

correlations of continuous naturalness variables (volume of dead wood, dead wood diversity 

index and number of cut stumps) and the one-way analysis of variance (ANOVA) was used 

to compare whether dead wood continuity patterns were reflected in the other naturalness 

indicators. In addition, Kendall’s coefficient of concordance (Kendall’s W-test) was used to 

test whether the indicators provided similar ranking of the sites. To check if the results 

differed between the two archipelago zones, the same analyses were carried out separately 

for the islands in the middle and the outer archipelago zones. Rarefaction estimates for the 

dead wood diversity indices were calculated by the software package Analytic Rarefaction 

(Holland 2003). 

 

2.4.2 Occurrence patterns on substrates (IV) 

 

For the analyses of fungal occurrence patterns on substrates and hosts, the tree species of the 

dead wood units were divided into four species groups: black alder, birches, other deciduous 

trees and conifers. Dead wood types were divided into four classes 1) dead standing trees and 

snags, 2) fallen trunks and logs, 3) fallen branches and logging residues, and 4) natural and 

cut stumps. Diameter classes are presented in Table 1. In the kelo-class, I included all dead 

wood units that originated from kelo trees, i.e. not only dead standing or whole fallen trunks 

but also cut logs, fallen branches and stumps. The distribution of records of these kelo species 

was compared only to dead wood units in the kelo category. 

In the analyses, the fungal species were divided into five, partly overlapping groups: 

polypores, corticioids, species of conservation concern, rare species, and species on kelo 

trees. The substrate material was divided into three groups: polypore-rich substrates, 

corticioid-rich substrates, and species-rich substrates. Empty dead wood units constituted one 

group. The proportional frequency distributions of fungal records or substrates were 

compared to the distributions of all surveyed dead wood within each dead wood variable. 

Detailed definitions of groups and the number of units in each of the categories can be found 

in study IV. 

The G-test of goodness-of-fit was used to determine whether the relative frequency 

distributions of fungal records on the available substrates followed the availability of dead 

wood categories, or if they appeared more than expected on specific substrates. The 

independence of the frequency distributions of the attribute categories between polypores 

and corticoids was tested using the Goodman-Kruskal Tau -test (G-K τ). 
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Figure 2. Typical forest habitat types in the study area: A) barren pine forest, B) mesic heath 

pine forest, C) herb-rich black alder forest, D) mesic heath birch forest, E) mesic heath spruce 

forest, F) mesic heath aspen forest, G) mesic heath mixed forest, H) semi-natural herb-rich 

wooded pasture. Photos: Panu Kunttu. 
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2.4.3 Aphyllophoroid fungi on black alder (V) 

 

For each species, the proportion of records on black alder was counted and compared to all 

data of aphyllophoroid fungi on the study islands. Substrate patterns were more thoroughly 

analyzed for the species with at least seven records in the substrate material. The purpose 

was to identify species with a restricted or a wide substrate range. The following occurrence 

patterns were compared: the highest proportions of records found on black alder, species with 

the largest and the smallest median substrate diameter, species with the widest substrate 

diameter range, species on the most decayed and the hardest-surfaced substrate according to 

the median decay stage, the number of dead wood types (highest and lowest) and species that 

were most concentrated on some dead wood type. 

The G–test of goodness-of-fit was used to determine whether the relative frequency 

distributions of fungal records on the substrates followed the availability of dead wood 

substrates. The G–tests were run using McDonald’s (2014) algorithm. To explore the overall 

coverage of sampling and data, species accumulation curves (Soberón and Llorente 1993) 

were estimated for polypores and corticoids. 

 

 

3 RESULTS AND DISCUSSION  
 

 

3.1 The islands of the Archipelago Sea sustain a high diversity of aphyllophoroid 

fungi (I, II) 

 

The recorded number of aphyllophoroid species in the Archipelago Sea National Park was 

303 species (I). This is 40% of all known species in these species groups in Finland and ca. 

62% of species found earlier from the coastal region of southwestern Finland. The list 

comprises 106 polypores, 195 corticioids sensu lato and two wood-inhabiting hydnaceous 

fungi (I). Moreover, the species diversity of the whole study in this area, not only in the 

national park, covers 331 aphyllophoroid species. All recorded species and their numbers 

found on the host trees are listed in the Appendix. 

Eight species new to Finland were found: Peniophorella tsugae, Phlebia cremeoalutacea, 

Tomentella albomarginata, Tomentella cinereoumbrina, Tomentella fuscocinerea, 

Trechispora araneosa, Tubulicium vermiferum and Tulasnella danica (see also Kunttu et al. 

2011, 2012; II). Four of these are also globally rare species. The list includes 30 species that 

can be defined as rare, or at least rarely collected, with five or less previous records in Finland 

(Kotiranta et al. 2009). In addition, at least seven still undescribed species were found, such 

as species in genera Thelephora and Xylodon (Hyphodontia), as well as some cryptic species 

in genera Piloderma and Tomentellopsis. The most species-rich genera were Trechispora (19 

species), Phellinus (13), Tomentella (13), Hypochnicium (10) Postia (10), Botryobasidium 

(8), Hyphoderma (8), Phlebia (8), and Tubulicrinis (8). Preliminary studies of macrofungi in 

this area by Vauras (2000) reported 119 species of my target groups. 

The reasons behind the high species diversity may be that the area is characterized by its 

geographical location in the hemiboreal vegetation zone, which entails a long growing season 

compared to the boreal zone and a diversity of host tree species, a mosaic and diversity of 

different habitats, several environmental gradients, largely unmanaged or non-intensively 

managed forests, and a long pasture history with domestic animals (semi-natural biotopes). 
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It is not possible to directly compare the number of species with other areas since surveys of 

aphyllophoroid fungi in other national parks or other areas in Southern Finland include only 

polypores or a very limited group of corticioids, or because different inventory methods make 

direct comparisons difficult (e.g. Schigel 2007; Kunttu et al. 2015; Savola and Kolehmainen 

2015). 

I found 13 old-growth forest indicator species for pine dominated forests in the 

Archipelago Sea National Park and the indicator value was 14 points (the value for the whole 

study area was 18 points), according to the classification of Kotiranta and Niemelä (1996) 

(I). If this is compared to some other polypore inventories of pine dominated forests in other 

national parks along the southern coast of Finland, it is clear that the amount is relatively 

high (Kunttu et al. 2015; Savola and Kolehmainen 2015). The remote location has saved 

these areas from large-scale intensive forestry and this may explain why many forests in the 

archipelago have a high degree of naturalness (III). Many of these old-growth forest species 

are today common only in protected areas in northern or eastern Finland (e.g. Renvall 1995; 

Lindgren 2001; Sippola et al. 2005). It is obvious that these species had earlier covered almost 

the whole of Finland (Kotiranta and Niemelä 1996). 

The species diversity and distribution of aphyllophoroid fungi is still inadequately known 

in Finland. It is highly likely that dozens of species remain undiscovered, and many species 

have a wider distribution than has been recognized thus far. This study contributed to 

knowledge base of fungi in the larger geographical perspective as well: the results reveal that 

knowledge gaps in regard to fungi also remain in Europe. However, some substrates and 

fungal groups were excluded from this study, such as juniper a common shrub in this area, 

very fine woody debris (diameter < 1 cm), drift wood logs on shores, all soil-dwelling 

aphyllophoroid fungi (including some polypore species also) and wood-inhabiting 

clavarioids. The inclusion of these in future studies would reveal more about the true species 

richness of aphyllophoroid fungi in the study area. 

 
 

3.2 The volume of dead wood provides the best overall agreement with other 

indicators of forest naturalness (III) 

 

The volume of dead wood was most often related to other indicators of forest naturalness 

(III). It is thus likely that the volume of dead wood could provide a measure that is the most 

reliable overall. The volume of dead wood is often used to describe the main characteristics 

and conservation value of natural or managed forests (Stokland et al. 2004; Mönkkönen et 

al. 2008; Müller and Bütler 2010). However, the volume of dead wood also varies 

considerably within natural forests (Siitonen 2001) and, thus, it cannot provide an 

unambiguous measure of naturalness. Thus, when dead wood volumes of separate forest 

areas are compared, the forests should represent the same forest habitat type and be located 

within the same vegetation zone. 

 



25 
 

 
 

 

 

Figure 3. Selected rare aphyllophoroid species found in this study: A) Gelatoporia 

subvermispora, B) Postia hibernica, C) Sistotremastrum suecicum, D) Crustoderma 

corneum, E) Pseudomerulius montanus, and F) Mycoacia fuscoatra. Photos: Pekka Helo. 

 

 
The dead wood diversity index was related to the volume of dead wood (III). Obviously, the 

number of tree species and forest habitat type affect the dead wood diversity index. 

Consequently, on barren islands with mostly pine as a dominant tree species, this index can 

be expected to be low even if the forest is in a natural state. In more productive forests where 

the richness of tree species is higher, dead wood diversity can also be higher naturally. Due 

to this natural variation, it is more likely to be useful as an explanatory variable of the species 

richness in forests (Martikainen et al. 2000; Similä et al. 2003; Penttilä et al. 2004; Ylläsjärvi 
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et al. 2011). However, the dead wood diversity index is clearly higher in natural old-growth 

forests than in mature managed forests (Siitonen et al. 2000). 

The number of cut stumps was related to the volume of dead wood. A similar correlation 

has been found earlier by Karjalainen and Kuuluvainen (2002). The number of cut stumps is 

easy to measure in a forest and it can, therefore, be easily applied in practical forest 

inventories (Uotila et al. 2002; Rouvinen and Kouki 2008). If the previously used criteria of 

stumps are applied to current study sites (Siitonen et al. 2000; Rouvinen et al. 2002; Uotila 

et al. 2002; Okland et al. 2003; Ylläsjärvi et al. 2011), 12–30% of my study islands would 

support natural forests. Nevertheless, forests with few or no cut stumps can still have a low 

dead wood diversity, such as barren forests with only one major tree species. Furthermore, 

the number of cut stumps is not a reliable indicator of very old management operations. 

The volume of dead wood and the dead wood diversity index varied significantly along 

with the dead wood continuity patterns (III). The dead wood continuity profile is a practical 

indicator of forest history in all types of forests, as it provides data on the dead wood 

continuity over past centuries, and also reveals the historical intensive human impact 

(Stokland 2001). Moreover, the historic continuity of dead wood, rather than the current 

amount of dead wood, predicts species diversity of the present-day (Sverdrup-Thygeson and 

Lindenmayer 2003; Paltto et al. 2006; Penttilä et al. 2006). Continuity patterns vary naturally 

in different forest habitat types mainly due to their productivity (Stokland and Larsson 2011).  

The number of kelo trees had hardly any relationship to the other naturalness indicators 

(III) despite the fact that kelos are known to occur only in natural forests (Niemelä et al. 

2002).  However, due to the formation history of kelos (Leikola 1969; Niemelä et al. 2002), 

they can be used as an indicator of naturalness in specific cases, i.e. in xeric and barren forests 

with pine as a dominant tree species.  

A practical indicator is easy and rapid to use, and the presented indicators described here 

require varying amounts of effort. The volume of dead wood, the dead wood diversity index 

and the dead wood continuity profile are the most laborious, whereas the number of cut 

stumps and the number of kelos per hectare are quick to measure. Moreover, the number of 

cut stumps is directly related to human activity and can thus be easily used to indicate the 

lack of naturalness. Aside from the continuity profile, the other indicators can only be used 

to assess rather recent changes in forest naturalness.  

Importantly, however, the results of my studies show that different CWD-related 

indicators do not always produce consistent results when applied to the same forests. The 

volume of dead wood was most often correlated with other naturalness indicators and can 

thus be regarded as the most consistent measure, whereas the dead wood diversity index may 

provide the best surrogate for species diversity. As the different indicators are inconsistent, 

it is unlikely that all of them are applicable to reveal species diversities either, and that we 

need more documentation on how the various naturalness indicators relate to species diversity 

patterns.  

 

 

3.3 The occurrence of fungi does not follow exactly dead wood availability, and 

polypores and corticoids have several distinct occurrence patterns – a diversity of 

substrates is needed (IV) 

 

The results showed that the occurrence of fungi and their species-rich substrates did not 

follow the availability of dead wood in forests. The only exception among the dead wood 

variables was for their distribution on tree species where observations followed closely the 
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availability of hosts (IV). The results indicate the high importance of substrate quality and of 

specific substrate types on wood-inhabiting fungi. Polypores and corticioids showed 

occurrence patterns distinct from each other. There was a clear difference in their record 

based occurrence on dead wood, as they differed from each other in all four dead wood 

variables (IV). This reveals the ecological differences of these fungal groups and possibly 

their different role as wood-decayers.  

According to my results, the records of corticioids seemed to follow the availability of 

the different tree species fairly closely (IV). Likewise, Lindhe et al. (2004) found that the 

number of fungal records was similar when the number of surveyed dead wood units of 

different tree species was equal. However, polypores were more common on birch but this 

pattern was largely caused by two very common species that occur on birch. On conifer trees, 

fungi occurred less often than could be expected from the availability of these tree species. 

While black alder hosts a high fungal diversity (V), the ocurrence pattern followed the 

availability of substrate closely. In general, most wood-inhabiting fungi favour specific tree 

species or species groups (Lindner et al. 2006; Boddy and Heilmann-Clausen 2008; Küffer 

et al. 2008; Junninen and Komonen 2011). 

Logs were clearly found to be the most important substrate for all studied groups (IV). 

Logs were especially important as species-rich and polypore-rich substrates for rare species 

and for kelo species. The importance of downed dead wood, especially logs or fallen trunks, 

has been recognized in several other studies as well (Sippola and Renvall 1999; Sippola et 

al. 2005; Junninen and Komonen 2011). Of the other substrate types, only dead standing trees 

seemed to be of importance for polypores (IV), mainly as a few very common species were 

found on dead standing deciduous trees. However, most of the species that grow on dead 

standing trees can also grow on downed dead wood (Lindhe et al. 2004; Sippola and Renvall 

1999). Thus, I conclude that dead standing trees have a smaller role as substrates for wood-

inhabiting fungi (Rydin et al. 1997; Heilmann-Clausen and Christensen 2004; Sippola et al. 

2005; Pasanen et al. 2014). 

The importance of large-diameter dead wood for polypores was clearly seen in the 

distribution of the polypore records, polypore-rich substrates and even corticioid-rich 

substrates. However, corticioid-rich substrates were mainly the smallest fraction of the CWD 

(IV). The importance of large-diameter dead wood for wood-inhabiting fungi has been shown 

in several studies (e.g. Ohlson et al. 1997; Nilsson et al. 2001; Siitonen et al. 2001). 

Nevertheless, fine woody debris and very fine woody debris also play an essential role for 

wood-decaying fungi, many of whom are rare or at least seldom collected (Nordén et al. 

2004; Küffer et al. 2008; Juutilainen et al. 2011, 2014; Abrego and Salcedo 2013). However, 

the current study highlights the importance of the smallest fraction of CWD (10–19 cm) for 

corticioids (IV). Surprisingly, species of conservation concern, rare species or species living 

on kelo trees were not overrepresented on the largest dead wood diameters but were 

overrepresented on the 10–19 cm class. In total, 90% of fungal records of rare species were 

corticioids, and this at least partly explains the result. 

Polypores followed the availability of the different decay stages fairly closely, whereas 

corticioids were found on slightly more decayed wood (IV). The corticioid-rich substrates 

were more concentrated on the later decay stages than the polypore-rich substrates. The 

species-rich substrates were concentrated on slightly and intermediately decayed wood (IV).  

The results of this study revealed the important role of slightly decayed wood for fungi, 

although many other studies have shown that the majority of wood-inhabiting aphyllophoroid 

species favour intermediately decayed wood, (Groven et al. 2002; Heilmann-Clausen et al. 
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2005; Siitonen et al. 2005; Sippola et al. 2005; Junninen et al. 2006; Jönsson et al. 2008). In 

my study, the relative importance of less decayed wood was probably due to a few numerous 

species that were concentrated on fresh or slightly decayed wood. The occurrences of species 

of conservation concern were found on earlier decay stages (IV). This resulted from several 

old-growth forest indicator species on pine that commonly grew on fresh dead wood also. In 

general, red-listed species have been found to favour wood on intermediately or advanced 

decay stages (Tikkanen et al. 2006; Pouska et al. 2011; Magnusson et al. 2014).  

The kelo species were found most often on slightly and intermediately decayed wood but 

this may result from the fact that the continuity of kelo trees may have been broken on some 

study islands (III). The final decomposition stage had only a minor role for the studied fungi, 

and this result agrees with earlier studies (e.g. Høiland and Bendiksen 1997; Renvall 1995). 

Nevertheless, in molecular studies it has been found that the number of wood decay fungi 

generally increase as the log becomes more decomposed (Rajala et al. 2015; Hoppe et al. 

2016). 

My findings indicate the importance of maintaining the variation in dead wood quality 

when preserving the diversity of wood-decaying fungi. Moreover, according to the results of 

this study, species-empty substrates were overrepresented within dead standing trees and 

stumps, as well as on dead wood in early and late decay stages (IV). Recognizing the dead 

wood quality associations of fungi can contribute to the success of ecological forest 

restoration from a fungal perspective. Dead wood creation is one of the key restoration 

activities (Halme et al. 2013) in forests but restoration does not automatically lead to high 

fungal species diversity (Pasanen et al. 2014). My results also indicate that if dead wood is 

restored in forest ecosystems, special attention must be paid to the restoration of different 

dead wood types and not to focus primarily on restoring a specific volume of dead wood. 

 

 

3.4 Black alder hosts a diverse fungal assemblage with a range of occurrence on 

substrates of fungal species, many of them also rare (V) 

 

Several species growing on black alder were restricted to specific dead wood types while 

others had a remarkably wide substrate utilization. Based on this, potential generalist and 

specialist species were identified (V). Many of the alder-associated species are also rare. The 

results revealed that black alder also hosts a diverse fungal assemblage and that the 

preservation of it in forest management helps to maintain the diversity of saproxylic fungi. 

Black alder hosted over 40% of all aphyllophoroid species found in the whole study of 

all tree species carried out on these islands. In total, 27 species were found solely on black 

alder (V). Mostly these species had only one or two occurrences and records may be random; 

however Phlebia subochracea, Hypochnicium erikssonii and Tomentella ellisii for example 

displayed several occurrences. Other alder-favoured species were Stereum subtomentosum, 

Inonotus radiatus, Antrodiella serpula, and Botryobasidium candicans, all with over 80% of 

records on black alder (V). In general, most of the species growing on black alder are 

generalists in regard to host tree species and occur also on other deciduous trees. However, 

alders host tens of species that appear to be dependent or at least strongly favour alder as a 

substrate (Strid 1975; Niemelä and Kotiranta 1983; Keizer and Arnolds 1990; Kotiranta et 

al. 2009; Safonov 2014). 

While black alder does not host many red-listed species according this study (V), it has 

an important role as a host for many deciduous tree-dependent fungal species (Keizer and 

Arnolds 1990; Safonov 2014; V). Moreover, many new or rare species have been recently 
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collected from black alder in other studies (e.g. Miettinen 2012; II). Of course many species 

of conservation concern can grow on alders and according to Kotiranta and Niemelä (1996) 

alder was listed as the fourth most important host tree genus among red-listed aphyllophoroid 

fungi at that time. Even though black alder or grey alder are not especially rare trees, they do 

host many rare or at least seldom collected aphyllophoroid species, and some of them appear 

to be dependent or at least highly favour alder as a substrate, including red-listed fungi and 

indicator fungi of conservation value (Strid 1975; Keizer and Arnolds 1990; Kotiranta et al. 

2009; V). 

The majority of the records on alder were derived from fallen trunks, which is in 

accordance with the substrate preferences of wood-inhabiting fungi in general (Sippola and 

Renvall 1999; Sippola et al. 2005; Lindhe et al. 2004, IV). Moreover, most species growing 

on dead standing trees, such as Inonotus radiatus and Stereum rugosum can also grow on 

downed dead wood and were also common on dead standing trees in this data (V). Decay 

stage is an important substrate factor for most aphyllophoroid species and many species 

favour or depend on certain stages of decay (Niemelä et al. 1995; Renvall 1995; Lindblad 

1998; Nordén et al. 2013). Most of the wood-inhabiting aphyllophoroid species favour the 

intermediately decayed dead wood (Kruys et al. 1999; Heilmann-Clausen et al. 2005; Jönsson 

et al. 2008; Junninen and Komonen 2011), but on alder most of the records derived from 

recently dead or initially decayed dead wood. However, a few common species with 

preference for hard wood can affect this result significantly, since they can dominate the 

record based data. 

The relative frequency distributions of total fungal records among dead wood variables 

differed from the distribution of the surveyed dead wood units both in the decay stage and in 

dead wood type. However, the magnitude of differences between fungal records and surveyed 

dead wood units were not large. The largest difference was observed on fallen trunks that 

clearly hosted more fungi than what was the availability of these trunks (V). It should be 

noted that these results were based on the number of records, so it does not reveal the 

preferences of individual species. A few numerous species can affect this result remarkably. 

 

 

3.5 Improvements on fungal databases, monitoring and storage of fungal information 

for improving knowledge and conservation of poorly known macrofungi  

 

In the review, we observed that there are several serious shortcomings in regard to fungal 

monitoring, and a rapid and comprehensive improvement is required to reach a better 

understanding of the distribution, population trends and habitat requirements of fungal 

species (VI) that would better serve the conservation of fungi. 

Opportunistic fungal foraying is highly unstructured and the results depend on the skills 

or interest of the mycologist, the time spent and the fungal season. However, foraying is often 

the best way to record rarely sporulating species that may be missed using more structured 

sampling methods (Mueller et al. 2004). While it is easy to standardize for changes in foray 

activity over time, it is a challenge to standardize for changes in the quality or focus of forays 

over time or between mycologists (Heilmann-Clausen and Læssøe 2012). 

More structured data on fungal records can be derived from professional field studies, but 

little research has been carried out to optimize sampling designs (O’Dell et al. 2004; Keizer 

and Arnolds 1990; Halme and Kotiaho 2012). The practices of field methodologies and 

sampling procedures vary considerably between studies. If the field methodology is well-



30 
 

defined and adequate, studies of changes over space or environmental gradients have the 

potential to produce high-quality structured data (VI) that is suitable to document changes in 

fungal sporulation over time (Arnolds 1988; Senn-Irlet et al. 2007; Arnolds and Veerkamp 

2011).  

The scientific relevance of samplings based on sporocarps has been repeatedly questioned 

as the vegetative mycelium cannot be observed with these methods (Allmér et al. 2006), 

which results in incomplete data on fungal assemblages (Geml et al. 2009). Alternative 

techniques based on the isolation of fungi present in environmental samples, and molecular 

tools have been developed recently (Allmér et al. 2006; Lindahl and Boberg 2008; Porter et 

al. 2008). Molecular methods have a high potential when applied in a specific conservation 

context and give remarkable benefits to fungal monitoring (Parfitt et al. 2005). However, 

these methods are not without problems either.  One serious constraint is the lack of 

comprehensive reference sequence libraries, which may inhibit effective species 

identification. However, the progress in methodological and data analysis techniques has 

been rapid and reference libraries are likely to be developed quickly (e.g. Huson et al. 2007; 

Quince et al. 2009, 2011; Schloss et al. 2009).  

In addition, molecular techniques are developing rapidly and will likely offer new tools 

to fungal monitoring (VI). For example, high throughput sequencing methods are not yet 

widely used in monitoring programmes yet their potential is enormous, and fungal population 

trends in the near future can probably be followed in a meaningful way by using standardized 

sampling methods based on environmental samples. Nonetheless, monitoring based on 

sporocarps is still needed and will probably remain useful in the future for several reasons 

(VI). Firstly, sporocarps can use citizen science in data collection (Bonney et al. 2009) and 

for very rare species the search for sporocarps might be the only cost-effective way to obtain 

records. Secondly, the emergence of sporocarps may provide more information about the 

reproductive success than the presence of mycelia. Finally, existing monitoring data on 

sporocarps has been collected for decades and this data provides the baseline for fungal 

monitoring (e.g. Arnolds and Jansen 1992; Gange et al. 2011). The molecular data grows 

quickly but it will nevertheless take long before its temporal coverage exceeds what is 

currently available in sporocarp data. 

In addition to the field sampling methods, the storage and analyses of existing samples 

requires more attention. Specimens deposited in fungaria, which provide collections of 

samples of taxonomic value, are typically biased towards rare or otherwise notable species 

or difficult species complexes. Thus, the detection of population trends is difficult based on 

fungarium specimens (VI). However, the advantage of fungarium collections is that they 

provide unambiguous proof that a species occurred in a specific site at a given date. Further, 

they allow the species identity to be rechecked when more taxonomic and molecular 

knowledge becomes available. 

In the review, we observed that the information related to sampling details in research 

projects is rarely stored in a standardized way, and in more unstructured foraying surveys the 

input is often not recorded at all. It is likely that the value of fungal recording can be increased 

considerably if the survey input is recorded in a standardized way. Survey data should include 

details on time spent searching, the type of sampling conducted and targets for the survey i.e. 

an index of survey input (VI). Current GPS systems and techniques offer a practical way to 

record survey input and enable, for example, the tracking of survey routes and the calculation 

of the surveyed area. All collected information should be stored in electronical global 

databases with special entries regarding fungi (VI). These databases should be in connection 
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with the Global Biodiversity Information Facility, the most extensive metadatabase currently 

available (Telenius 2011). 

In general, the review pointed out several new aspects to fungal monitoring schemes: 

there are needs for standardization of information collected during field work, determination 

of survey input, storage of data, development of a global and fungal focused database, 

utilization of molecular techniques and more effective use of data collected by amateur 

mycologists (VI). 

 

 

4. CONCLUDING REMARKS  
 

 
Although our knowledge on dead-wood-associated species has developed significantly 

during the last decades, there are still major unexplored issues that may also have an influence 

on how the diversity of these assemblages is best maintained. My results on occurrence 

patterns imply high importance and ecological significance of substrate quality and diversity 

on dead-wood-associated fungi. The substrate patterns of different fungal groups vary, and 

in many cases their substrates were not directly reflected to the dead wood that was available 

(IV). It is not only large-diameter and intermediate or advanced decayed dead wood that are 

important for dead wood-associated fungi; smaller-diameter and slightly decayed dead wood 

are also significant (IV). For example, the smallest fraction of CWD seems to be important 

for corticioids (IV). Furthermore, the diversity of the host trees directly affects both fungal 

occurrence and specialized species (IV, V). My analyses were based on fungal records and 

may also reveal the ecological role and the differences between wood decaying fungi in a 

wider perspective in regard to the decomposition process and carbon cycling in forest 

ecosystems. 

Measures in assessment of forest naturalness are based on the same dead wood related 

variables as the substrate characteristics of the fungi. The state of forest naturalness affects 

the amount and characteristics of CWD and, thus, also modifies the assemblages of wood-

inhabiting fungi (e.g. Junninen et al. 2006). Variations and changes in the naturalness affect 

the type of dead wood that is available. It is essential to recognize the most reliable methods 

for naturalness assessment, and to develop consistent methods to assess it (III). Dead wood 

is widely recognized as a key element in forest naturalness. Despite this, simple methods to 

use CWD as an indicator are lacking or are used inconsistently. My results (III) show that 

there is still an obvious need for further studies that relate the indicators based on dead wood 

to real levels of naturalness and to the occurrence of saproxylic species. It is also a future 

challenge to define reference levels or thresholds for such indicators that are scaled relative 

to site productivity and forest habitat types.  

Reliable and extensively performed species surveys provide essential baseline data for 

conservation work. Field work methods (collected information) and storage of the data 

should receive more attention in order to take full advantage of several fungal sampling 

methods and to promote their compatibility and comparability (VI). It is essential to 

standardize the ways that data are collected in research projects. For example, there are gaps 

in the recording of negative species records i.e. unoccupied substrates or habitats (IV, VI). 

This information is crucial since only with species occurrence data is it possible to connect 

resource availability to species occurrence and to identify the true preference patterns of 

wood-associated fungi. 
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In conclusion, my results suggest that the diversity of dead wood is essential when 

planning conservation measures for dead wood associated fungi. In particular, uncommon 

hosts may also contribute significantly to fungal diversity. Assessment of forest naturalness 

can be performed with several methods, but the most promising methods may vary depending 

on the purpose of the study and the forest type or region where the assessment is done. 

Finally, the collection of data is not enough. It must be stored in an open access database with 

adequate information of all aspects of survey input. This would then allow population trends 

to be monitored and area or habitat related information utilized for conservation efforts. 
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APPENDIX 1. Recorded fungal species and their abundance (number of dead wood units) according to host trees. 

 
Nomenclature is mainly according to Kotiranta et al. (2009) and Hjortstam and Ryvarden (2009), but the names of some species are according to following literature: 
Singer (1944), Nilsson and Hallenberg (2003), Bernicchia and Gorjón (2010), Miettinen and Larsson (2011), Miettinen et al. (2012b), Niemelä (2012), and Spirin et 
al. (2013b). 
 Alnus 

glutinosa 
Pinus 

sylvestris 
Betula 
spp. 

Picea 
abies 

Populus 
tremula 

Other 
trees1 

Total 

Alutaceodontia alutacea (Fr.) Hjortstam & Ryvarden - 4 - 4 - - 8 

Amphinema byssoides (Pers. : Fr.) J. Erikss. 6 16 20 14 2 2 60 

Amylocorticiellum subillaqueatum (Litsch.) Spirin & Zmitr. 1 2 - 2 - - 5 

Amyloporia xantha (Fr. : Fr.) Bondartsev & Singer - 52 1 - - - 53 

Amylostereum areolatum (Chaillet ex Fr.) Boidin - - - 1 - - 1 

Amylostereum chailletii (Pers. : Fr.) Boidin - - - 1 - - 1 

Amyloxenasma grisellum (Bourdot ) Hjortstam & Ryvarden 1 - - - - - 1 

Anomoporia kamtschatica (Parmasto) Bondartseva - - - 1 - - 1 

Antrodia macra (Sommerf.) Niemelä - - - - - 1 1 

Antrodia mappa (Overh. & J. Lowe) Miettinen & Vlasák - 1 - - - - 1 

Antrodia ramentacea (Berk. & Broome) Donk - 8 - - - - 8 

Antrodia serialis (Fr.: Fr.) Donk - 7 - 62 - - 69 

Antrodia sinuosa (Fr.: Fr.) P. Karst. - 28 - 3 - - 31 

Antrodiella faginea Vampola & Pouzar 4 - 2 - 3 5 14 

Antrodiella ichnusana (Bernicchia, Renvall & Arras 1 - - - - 1 2 

Antrodiella pallescens (Pilát) Niemelä & Miettinen 3 - 14 - - - 17 

Antrodiella serpula (P. Karst.)  Spirin & Niemelä 69 - - - 1 9 79 

Aphanobasidium pseudotsugae (Burt) Boid. & Gilles 2 99 - 2 - - 103 

Aporpium canescens (P. Krast.) Bondartsev & Singer - - 6 - - - 6 

Asterostroma laxum Bres. - 2 1 1 - - 4 

Athelia acrospora Jülich - 1 - - - - 1 

Athelia arachnoidea (Berk.) Jülich - 1 - 1 - 1 3 

Athelia decipiens (Höhn. & Litsch.) J. Erikss. - 5 1 - - - 6 
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Athelia epiphylla Pers. : Fr. coll. 51 2 16 1 - 8 78 

Athelia neuhoffii (Bres.) Donk - 1 - - - - 1 

Athelopsis lembospora (Bourdot) Oberw. 1 - - - - - 1 

Athelopsis subinconspicua (Litsch.) Jülich - - - 1 - - 1 

Basidiodendron caesiocinereum (Höhn. & Litsch.) Luck-Allen - 2 1 1 - 1 5 

Basidioradulum radula (Fr.) Nobles 13 1 41 - 7 29 91 

Bjerkandera adusta (Willd. : Fr.) P. Karst. - - 9 2 - - 11 

Boidinia furfuracea (Bres.) Stalpers & Hjortstam - 1 1 3 - - 5 

Botryobasidium aureum Parmasto stat. conid. 1 - - - - - 1 

Botryobasidium botryosum (Bres.) J. Erikss.) 5 31 8 10 - 1 55 

Botryobasidium candicans J. Erikss. 53 - 10 1 - 1 65 

Botryobasidium conspersum J. Erikss. 10 2 12 - 2 1 27 

Botryobasidium isabellinum (Fr.) D.P. Rogers 3 - 3 1 1 1 9 

Botryobasidium laeve (J. Erikss.) Parmasto 11 1 1 1 - - 14 

Botryobasidium obtusisporum J. Erikss. - 10 5 1 - - 16 

Botryobasidium subcoronatum (Höhn. & Litsch.) Donk 130 83 50 14 2 6 285 

Brevicellicium exile (H.S. Jacks.) K.H. Larsson & Hjortstam 1 - - - - - 1 

Brevicellicium olivascens (Bres.) K.H. Larsson & Hjortstam 1 - 3 - - - 4 

Bulbillomyces farinosus (Bres.) Jülich 1 - - - - - 1 

Byssomerulius corium (Fr.) Parmasto - - - - 3 - 3 

Ceraceomyces eludens K.H. Larsson - 14 - 2 - - 16 

Ceraceomyces microsporus K.H. Larsson 3 8 - 2 - - 13 

Ceraceomyces serpens (Tode: Fr.) Ginns 1 - - - 2 2 5 

Ceraceomyces tessulatus (Cooke) Jülich - - 2 - - - 2 

Ceraceomyces violascens (Fr. : Fr.) Jülich - - 1 - - - 1 

Ceratobasidium cornigerum (Bourdot) D.P. Rogers - - - 1 - - 1 

Ceriporia excelsa (S. Lundell) Parmasto - - 3 - - - 3 

Ceriporia reticulata (H. Hoffm. : Fr.) Domanski 19 - 1 - 4 4 28 

Ceriporia viridans (Berk. & Broome) Donk 1 - 1 - 4 2 8 

Ceriporiopsis aneirina (Sommerf.) Domanski 1 - - - - - 1 

Cerrena unicolor (Bull. : Fr.) Murrill - - 16 - 1 - 17 
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Chaetoderma luna (Romell ex Rogers & Jacks.) Parmasto - 6 - - - - 6 

Chondrostereum purpureum (Pers. : Fr.) Pouzar 23 - 6 - 14 2 45 

Cinereomyces lindbladii (Berk.) Jülich - 9 - 1 - - 10 

Climacocystis borealis (Fr.) Kotl. & Pouzar - - - 1 - - 1 

Colacogloea peniophorae (Bourdot & Galzin) Oberw. & Bandoni 5 2 - - - 1 8 

Conferticium ochraceum (Fr. : Fr.) Hallenb. - - - 2 - - 2 

Coniophora arida (Fr.) P. Karst. 4 24 - 6 3 1 38 

Coniophora fusispora (Cooke & Ellis) Sacc. 1 - - - - - 1 

Coniophora olivacea (Pers. : Fr.) P. Karst. - - - 6 - - 6 

Coniophora puteana (Schumach. : Fr.) P. Karst. 3 4 2 - - - 9 

Corticiaceae sp. nova 2 - - - - - 2 

Corticium boreoroseum Boidin & Lanquetin - 1 1 - - - 2 

Corticium roseum Pers.: Fr. - - - - 4 2 6 

Cristinia helvetica (Pers.) Parmasto 15 1 3 - - 2 21 

Crustoderma corneum (Bourd. & Galz.) Nakasone - 1 - - - - 1 

Cylindrobasidium evolvens (Fr. : Fr.) Jülich 1 - 3 1 - 2 7 

Cytidia salicina (Fr.) Burt - - - - - 2 2 

Dacryobolus karstenii (Bres.) Oberw. ex Parmasto - 3 - - - - 3 

Dacryobolus sudans (Fr.) Fr. - 3 - - - - 3 

Daedalea quercina L. : Fr. - - - - - 1 1 

Daedaleopsis confragosa (Bolton : Fr.) J. Schröt. 2 - 2 - - 7 11 

Datronia mollis (Sommerf.) Donk 1 - 2 - 8 3 14 

Dendrothele amygdalispora Hjortstam - - - - - 1 1 

Dichomitus campestris (Quél.) Domański & Orlicz - - - - - 1 1 

Exidiopsis calcea (Pers. : Fr.) K. Wells - 4 - 33 - - 37 

Fibroporia norrlandica (Berglund & Ryvarden) Niemelä - 1 - - - - 1 

Fibroporia vaillantii (DC. : Fr.) Parmasto - - - 1 - - 1 

Fomes fomentarius (L. : Fr.) Fr. 15 - 302 - - 1 318 

Fomitopsis pinicola (Sw. : Fr.) P. Karst. 4 74 15 62 1 3 159 

Galzinia incrustans Parmasto 1 - - - - 1 2 

Ganoderma applanatum (Pers.) Pat. 2 - 14 - 10 3 29 
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Ganoderma lucidum (M.A. Curtis : Fr.) P. Karst. 3 - 4 1 - - 8 

Gelatoporia subvermispora (Pilát) Niemelä - - 3 - - - 3 

Globulicium hiemale (Laurila) Hjortstam - 1 - 2 - - 3 

Gloeocystidiellum porosum (Berk. & M.A. Curtis) Donk - - 1 - 4 - 5 

Gloeophyllum sepiarium (Wulfen : Fr.) P. Karst. - 9 - 31 1 - 41 

Gloeoporus dichrous (Fr. : Fr.) Bres. - - 25 - 1 - 26 

Gloeoporus pannocinctus (Romell) J. Erikss. - - 3 - - - 3 

Hapalopilus rutilans (Pers. : Fr.) P. Karst. 3 - 13 1 1 19 37 

Hastodontia halonata (J. Eriksson & Hjortstam) Hjortstam & Ryvarden - 1 - - - - 1 

Hastodontia hastata (Litsch.) Hjortstam & Ryvarden - 19 3 4 - - 26 

Helicogloea lagerheimii Pat. - - - - - 2 2 

Henningsomyces candidus (Pers. : Fr.) Kuntze - - 3 - - - 3 

Heterobasidion annosum (Fr.) Bref. - 1 - - - - 1 

Heterobasidion parviporum Niemelä & Korhonen - - - 13 - - 13 

Hymenochaete cinnamomea (Fr.) Bres. - - - - - 10 10 

Hymenochaete fuliginosa (Pers.) Bres. - 1 - - - - 1 

Hymenochaete tabacina (Fr.) Lév. ) 1 - 3 - 2 10 16 

Hyphoderma argillaceum (Bres.) Donk 1 1 7 6 - 1 16 

Hyphoderma definitum (H.S. Jacks.) Donk - 1 - - - - 1 

Hyphoderma medioburiense (Burt) Donk - - 2 - - - 2 

Hyphoderma obtusiforme J. Erikss. & Å. Strid 2 - - 1 - - 3 

Hyphoderma obtusum J. Erikss. - 1 - - 1 - 2 

Hyphoderma occidentale (D.P. Rogers) Boidin & Gilles - - - - - 1 1 

Hyphoderma roseocremeum (Bres.) Donk 28 4 7 3 11 16 69 

Hyphoderma setigerum (Fr.) Donk 18 - 22 - 2 5 47 

Hyphodontia "globisporum" - 1 - - - - 1 

Hyphodontia "langeri" - 20 - 1 1 - 22 

Hyphodontia alutaria (Burt) J. Erikss. 23 3 2 4 - 3 35 

Hyphodontia arguta (Fr.) J. Erikss. 8 - 1 1 - 1 11 

Hyphodontia pallidula (Bres.) J. Erikss. 10 5 1 11 1 1 29 

Hyphodontia sp. (species nova) - 1 - 1 - - 2 
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Hypochnicium albostramineum (Bres.) Hallenb. - 2 2 - - - 4 

Hypochnicium bombycinum (Sommerf. & Fr.) J. Erikss.  1 - 1 - - - 2 

Hypochnicium cremicolor (Bres.) H. Nilsson & Hallenb. 1 - 1 - - - 2 

Hypochnicium erikssonii Hallenb. & Hjortstam 7 - - - - - 7 

Hypochnicium geogenium (Bres.) J. Erikss. 1 - 1 1 - - 3 

Hypochnicium lundellii (Bourdot) J. Erikss. - - - 2 - - 2 

Hypochnicium multiforme (Berk. & Broome) Hjorstam - 1 - - - - 1 

Hypochnicium punctulatum (Cooke) J. Erikss. - 2 - - - - 2 

Hypochnicium subrigescens Boidin - - - 1 - - 1 

Hypochnicium cf. wakefieldiae 1 - - - - - 1 

Inonotus obliquus (Pers. : Fr.) Pilát 1 - 203 - - - 204 

Inonotus radiatus (Sowerby : Fr.) P. Karst. 879 - 9 - 4 61 953 

Inonotus rheades (Pers.) Bondartsev & Singer - - - - 10 - 10 

Irpex cf. lacteus (Fr. : Fr.) Fr. - - - - 1 - 1 

Irpex oreophilus (Lindsey & Gilb.) Niemelä - - - - 1 - 1 

Irpicodon pendulus (Alb. & Schwein. : Fr.) Pouzar - 1 - - - - 1 

Ischnoderma benzoinum (Wahlenb. : Fr.) P. Karst. - 31 - 5 - - 36 

Jaapia ochroleuca (Bres.) Nannf. & J. Erikss. 1 - - - - - 1 

Kavinia alboviridis (Morgan) Gilb. & Budington 1 1 1 - - - 3 

Kneiffiella abieticola (Bourdot & Galzin) Jülich & Stalpers - 10 - - - - 10 

Kneiffiella barba-jovis (Bull.: Fr.) J. Erikss. - - 6 - 1 - 7 

Kneiffiella subalutacea (P. Karst.) Jül. & Stalpers 5 10 2 5 1 - 23 

Lagarobasidium detriticum (Bourdot & Galzin) Jül. - - - - - 1 1 

Laxitextum bicolor (Pers. : Fr.) Lentz - - 8 - 2 1 11 

Lenzites betulinus (L. : Fr.) Fr. - - 2 - - - 2 

Leptosporomyces galzinii (Bourdot) Jülich 12 54 7 1 3 1 78 

Leucogyrophana mollusca (Fr.) Pouzar - 2 1 2 - - 5 

Leucogyrophana pinastri (Fr.) Ginns & Weresub - 1 - - - - 1 

Leucogyrophana romellii (Fr.) Ginns - 2 2 - - - 4 

Leucogyrophana sororia (Burt) Ginns - 1 - 3 - - 4 

Lindtneria chordulata (D.P. Rogers) Hjortstam - - - - 3 - 3 
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Luellia recondita (H.S. Jacks.) K.H. Larsson & Hjortstam - 1 - 1 - - 2 

Lyomyces sambuci (Pers.: Fr.) P. Karst. - - - - 2 - 2 

Megalocystidium leucoxanthum (Bres.) Jül. - - - - 1 2 3 

Meruliopsis taxicola (Pers.: Fr.) Bondartsev - 60 - 1 - - 61 

Metulodontia nivea (P. Karst.) Parmasto - - - - 1 3 4 

Mycoacia fuscoatra (Fr. : Fr.) Donk - - - - - 2 2 

Oligoporus rennyi (Berk. & Broome) Donk - 3 - 2 - - 5 

Oligoporus sericeomollis (Romell) Bondartsev - 5 - - - - 5 

Oliveonia fibrillosa (Burt) Donk - - 1 - 5 1 7 

Peniophora cinerea (Pers. : Fr.) Cooke 1 - - - 1 1 3 

Peniophora incarnata (Pers. : Fr.) P. Karst. 2 - 3 - 8 7 20 

Peniophora limitata (Chaillet ex Fr.) Cooke - - - - - 1 1 

Peniophora nuda (Fr.) Bres. - - - - 3 - 3 

Peniophora pithya (Pers.) J. Erikss. - 9 - 9 - - 18 

Peniophora polygonia (Pers. : Fr.) Bourdot & Galzin - - - - 17 - 17 

Peniophora violaceolivida (Sommerf.) Massee - - - - 2 3 5 

Peniophorella echinocystis (J. Erikss. & Strid) K.H. Larss. 2 - 1 - 1 1 5 

Peniophorella guttulifera (P. Karst.) K.H. Larss. - - 3 - - 1 4 

Peniophorella pallida (Bres.) K.H. Larss. 1 3 - 2 - - 6 

Peniophorella praetermissa (P. Karst.) K.H. Larss. 21 19 13 6 4 5 68 

Peniophorella pubera (Fr.) P. Karst. 134 15 54 4 1 11 219 

Peniophorella tsugae (Burt) K.H. Larss. 1 - - - - - 1 

Phaeolus schweinitzii (Fr.) Pat. - 10 - - - - 10 

Phanerochaete laevis (Pers. : Fr.) J. Erikss. & Ryvarden 1 - 6 1 3 - 11 

Phanerochaete magnoliae (Berk. & M.A. Curtis) Burdsall 2 - - - - - 2 

Phanerochaete sanguinea (Fr.) Pouzar 2 78 13 6 - 1 100 

Phanerochaete sordida (P. Karst.) J. Erikss. & Ryvarden 19 1 5 2 1 6 34 

Phanerochaete tuberculata (P. Karst.) Parmasto 4 - - - - 1 5 

Phanerochaete velutina (DC. : Fr.) P. Karst. 12 1 10 1 3 10 37 

Phellinus alni (Bondartsev) Parmasto 3 - - - - 5 8 

Phellinus chrysoloma (Fr.) Donk - - - 1 - - 1 
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Phellinus cinereus (Niemelä) M. Fisch. - - 51 - - - 51 

Phellinus conchatus (Pers. : Fr.) Quél. - - - - - 47 47 

Phellinus ferrugineofuscus (P. Karst.) Bourdot - - - 1 - - 1 

Phellinus igniarius s. str. (L. : Fr.) Quél. - - - - - 8 8 

Phellinus laevigatus (P. Karst.) Bourdot & Galzin - - 55 - - - 55 

Phellinus lundellii Niemelä - - 7 - - - 7 

Phellinus nigrolimitatus (Romell) Bourdot & Galzin - 2 - - - - 2 

Phellinus pini (Brot. : Fr.) A. Ames - 50 - - - - 50 

Phellinus populicola Niemelä - - - - 9 - 9 

Phellinus punctatus (P. Karst.) Pilát - - - - - 46 46 

Phellinus tremulae (Bondartsev) Bondartsev & Borisov - - - - 114 - 114 

Phlebia albida H. Post - - - - 2 - 2 

Phlebia cremeoalutacea (Parmasto) K.H. Larss. & Hjortstam - 2 1 - - - 3 

Phlebia radiata Fr. 3 - 5 - 1 18 27 

Phlebia rufa (Pers. : Fr.) M.P. Christ. - - 1 - - - 1 

Phlebia segregata (Bourdot & Galzin) Parmasto - 1 - - - - 1 

Phlebia subochracea (Bres.) J. Erikss. & Ryvarden 8 - - - - - 8 

Phlebia tremellosa (Schrad. : Fr.) Nakasone 2 1 8 - 1 - 12 

Phlebia uda (Fr.) Nakasone 1 - 1 - - - 2 

Phlebiella christiansenii (Parmasto) K.H. Larsson & Hjortstam - 1 - - - - 1 

Phlebiella sulphurea (Pers. : Fr.) Ginns & Lefebvre 4 44 10 12 4 1 75 

Phlebiella tulasnelloidea (Höhn. & Litsch.) Ginns & Lefevbre - - - 1 2 - 3 

Phlebiopsis gigantea (Fr. : Fr.) Jülich) - 12 - - - - 12 

Physisporinus vitreus (Pers. : Fr.) P. Karst. 1 - - - - - 1 

Piloderma byssinum (P. Karst.) Jülich - 6 1 2 - - 9 

Piloderma fallax (Liberta) Stalpers 19 190 61 39 12 8 329 

Piloderma sp. (species nova) - - 1 - - - 1 

Piloderma sphaerosporum Jülich - 2 - - - - 2 

Piptoporus betulinus (Bull. : Fr.) P. Karst. - - 321 - - - 321 

Polyporus ciliatus Fr. : Fr. - - 10 - - 2 12 

Polyporus leptocephalus (Jacq. : Fr.) Fr. 1 - 1 - - - 2 
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Porpomyces mucidus (Pers. : Fr.) Jülich - - - 4 - - 4 

Postia alni Niemelä & Vampola 4 - - - 2 3 9 

Postia caesia (Schrad. : Fr.) P. Karst. - 4 - 25 - 1 30 

Postia floriformis (Quél. ex Bres.) Jülich - 1 - 2 - - 3 

Postia fragilis (Fr.) Jülich - 5 - 4 - - 9 

Postia hibernica (Berk. & Broome) Jülich - 1 - 1 - - 2 

Postia immitis (Peck) Niemelä 1 - - - - - 1 

Postia leucomallella (Murrill) Jülich - 30 1 - - - 31 

Postia ptychogaster (F. Ludw.) Vesterh. - 2 - 1 - - 3 

Postia stiptica (Pers.: Fr.) Jülich - 4 - 28 - 1 33 

Postia tephroleuca (Fr.) Jülich - 2 3 5 - 2 12 

Pseudomerulius montanus (Burt)  Kotir., Larss. & Kulju - 1 - - - - 1 

Pseudotomentella tristis (P. Karst.) M.J. Larsen - - 1 - - - 1 

Pycnoporus cinnabarinus (Jacq. : Fr.) P. Karst. - - 4 - - 1 5 

Radulomyces confluens (Fr. : Fr.) M.P. Christ. 12 - 9 - 3 4 28 

Repetobasidium vile (Bourd. & Galz.) J. Erikss. 1 - - - - - 1 

Resinicium bicolor (Alb. & Schwein. : Fr.) Parmasto 2 17 14 19 3 2 57 

Resinicium furfuraceum (Bres.) Parmasto - 6 - - - 1 7 

Resinicium pinicola (J. Erikss.) J. Erikss. & Hjortstam - 1 - - - - 1 

Rigidoporus corticola (Fr.) Pouzar 7 1 - - 65 1 74 

Rigidoporus populinus (Schumach. : Fr.) Pouzar 1 - - - - 3 4 

Schizopora flavipora (Berk. & M.A. Curtis ex Cooke) Ryvarden 1 - - - - - 1 

Schizopora paradoxa (Schrad. : Fr.) Donk 1 - 3 - - 3 7 

Schizopora radula (Pers.: Fr.) Hallenb. 10 - - 1 - 3 14 

Scopuloides rimosa (Cooke) Jülich 20 - - 1 8 3 32 

Scytinostroma portentosum (Berk. & M.A. Curtis) Donk 19 1 - - 1 5 26 

Serpula himantioides (Fr. : Fr.) P. Karst. - 2 - 2 - - 4 

Sidera lunata (Romell ex Bourdot & Galzin) K.H. Larsson - 2 - - - - 2 

Sistotrema brinkmannii (Bres.) J. Erikss. 23 1 5 - - 1 30 

Sistotrema coroniferum (v. Höhn. & Litsch.) Donk - - 1 2 - - 3 

Sistotrema cf. octosporum (J. Schröt. ex Höhn. & Litsch.) Hallenb. - - - 1 - - 1 
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Sistotrema muscicola (Pers.) S. Lundell - - - - 1 1 2 

Sistotrema raduloides (P. Karst.) Donk - - 3 - 1 - 4 

Sistotrema sernanderi (Litsch.) Donk - - 7 - - - 7 

Sistotremastrum niveocremeum (Höhn. & Litsch.) J. Erikss. 2 - - - 2 - 4 

Sistotremastrum suecicum Litsch. ex J. Erikss. 1 43 - - - - 44 

Skeletocutis amorpha (Fr.) Kotl. & Pouzar - 35 - - - - 35 

Skeletocutis biguttulata (Romell) Niemelä - 10 - - - - 10 

Skeletocutis carneogrisea A. David - - - 1 - - 1 

Skeletocutis papyracea A. David - 2 - 1 - - 3 

Skeletocutis stellae (Pilát) Jean Keller - 1 - - - - 1 

Spongipellis fissilis (Berk. & M.A. Curtis) Murrill - - - - 5 - 5 

Spongiporus undosus (Peck) A. David - - - 1 - - 1 

Steccherinum bourdotii Saliba & A. David 1 - - - - - 1 

Steccherinum fimbriatum (Pers. : Fr.) J. Erikss. 5 - - - 3 7 15 

Steccherinum lacerum (P. Karst.) Kotir. & Saaren. 1 - - - 1 1 3 

Steccherinum luteoalbum (P. Karst.) Vesterholt - 13 - - - - 13 

Steccherinum nitidum (Pers. : Fr.) Vesterholt - - - - 1 1 2 

Steccherinum ochraceum (Pers.) Gray 2 - 1 - - - 3 

Stereum hirsutum (Willd. : Fr.) Gray 14 - 41 - 2 1 58 

Stereum rugosum Pers. : Fr. 289 - 96 - - 86 471 

Stereum sanguinolentum (Alb. & Schwein. : Fr.) Fr. - 121 - 45 - - 166 

Stereum subtomentosum Pouzar 108 - 1 - 1 1 111 

Stypella dubia (Bourdot & Galzin) P. Roberts - - - - 1 - 1 

Stypella livida (Bres.) comb. ined. - - 1 - - - 1 

Subulicystidium longisporum (Pat.) Parmasto 3 - 7 - 3 3 16 

Thanatephorus fusisporus (J. Schröt.) P. Roberts & Hauerslev 1 - - - - - 1 

Thelephora ”alnii” (species nova) 1 - - - - - 1 

Thelephora terrestris Ehrh. : Fr. - 3 - 2 - 1 6 

Tomentella albomarginata (Bourdot & Galzin) M.J. Larsen 1 1 1 - - - 3 

Tomentella atramentaria Rostr. - - 1 - - - 1 

Tomentella bryophila (Pers.) M.J. Larsen - - 2 - - - 2 
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Tomentella cinereoumbrina (Bres.) Stalpers - - - - 1 - 1 

Tomentella coerulea (Bres.) Höhn. & Litsch - - 3 - 1 - 4 

Tomentella ellisii (Sacc.) Jülich & Stalpers 5 - - - - - 5 

Tomentella fibrosa (Berk. & M.A. Curtis) Kõljalg - - 1 - - - 1 

Tomentella fuscocinerea (Pers.) Donk - - 1 - - - 1 

Tomentella galzinii Bourdot - - - - 2 - 2 

Tomentella radiosa (P. Karst.) Rick - 4 - - - - 4 

Tomentella stuposa (Link) Stalpers 2 - 3 - - - 5 

Tomentella sublilacina (Ellis & Holw.) Wakef. coll. 18 1 7 2 - - 28 

Tomentella terrestris (Berk. & Broome) M.J. Larsen - - 1 - - - 1 

Tomentellopsis echinospora (Ellis) Hjortstam 2 2 1 - 1 - 6 

Tomentellopsis submollis (Svrček) Hjortstam 1 - 1 - - - 2 

Tomentellopsis zygodesmoides Ellis & Hjortstam 1 1 1 - - - 3 

Trametes hirsuta (Wulfen : Fr.) Pilát 9 - 7 - 3 8 27 

Trametes ochracea (Pers.) Gilb. & Ryvarden 2 - 17 - 25 1 45 

Trametes pubescens (Schumach. : Fr.) Pilát - - 6 - - - 6 

Trametes velutina (Fr.) G. Cunn. - - 5 - - - 5 

Trechispora araneosa (Höhnel & Litsch.) K.H. Larss. 2 - - - - - 2 

Trechispora byssinella (Bourdot) Liberta - 1 1 - - - 2 

Trechispora caucasica (Parm.) Liberta 1 - - - - - 1 

Trechispora cohaerens (Schw.) Jülich & Stalpers 2 - 1 - - - 3 

Trechispora confinis (Bourdot & Galzin) Liberta 41 6 8 7 3 7 72 

Trechispora farinacea (Pers. : Fr.) Liberta 69 55 11 6 7 9 157 

Trechispora hymenocystis (Berk. & Broome) K.H. Larsson 23 9 28 7 1 5 73 

Trechispora invisitata (H.S. Jacks.) Liberta ssp. hauerslevi K.H. Larsson 1 - 1 - - - 2 

Trechispora kavinioides de Vries - - 1 - - 1 2 

Trechispora laevis K.H. Larsson - 4 - 1 - - 5 

Trechispora microspora (P. Karst.) Liberta 1 - 1 1 - - 3 

Trechispora minima K.H. Larsson - - - 1 - - 1 

Trechispora minuta K.H. Larsson 2 - 1 - - - 3 

Trechispora mollusca (Pers. : Fr.) Liberta - - 1 1 - - 2 
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Trechispora nivea (Pers.) K.H. Larsson 1 - 1 - 1 - 3 

Trechispora praefocata (Bourdot & Galzin) Liberta 13 2 4 - - - 19 

Trechispora stellulata (Bourdot & Galzin) Liberta - 1 - - - - 1 

Trechispora stevensonii (Berk. & Broome) K.H. Larsson 24 1 7 - - 2 34 

Trechispora subsphaerospora (Litsch.) Liberta - 3 1 - - 2 6 

Trichaptum abietinum (Pers. : Fr.) Ryvarden - 181 - 152 - - 333 

Trichaptum fuscoviolaceum (J.C. Schmidt : Fr.) Kreisel - 58 - - - - 58 

Tubulicium vermiferum (Bourd.) Oberw. ex Jülich - - - - - 1 1 

Tubulicrinis accedens (Bourdot & Galzin) Donk - 1 - - - - 1 

Tubulicrinis angustus (D.P. Rogers & Weresub) Donk - 1 - - - - 1 

Tubulicrinis borealis J. Erikss. - - - 1 - - 1 

Tubulicrinis calothrix (Pat.) Donk - 2 - 1 - - 3 

Tubulicrinis glebulosus (Bres.) Donk - 2 2 - - - 4 

Tubulicrinis medius (Bourdot & Galzin) Oberw. - 1 - - - - 1 

Tubulicrinis propinquus (Bourdot & Galzin) Donk - 6 - - - - 6 

Tubulicrinis subulatus (Bourdot & Galzin) Donk 1 109 1 9 3 - 123 

Tulasnella danica Hauersl. 1 - - - - - 1 

Tulasnella pinicola Bres. 1 - 2 - - - 3 

Tulasnella subglobispora Hjortstam - 1 - - - - 1 

Tulasnella violea (Quél.) Bourdot & Galzin 2 - 2 - - 2 6 

Tylospora fibrillosa (Burt) Donk 2 1 - - - - 3 

Tyromyces chioneus (Fr.) P. Karst. 1 - 6 - - - 7 

Vesiculomyces citrinus (Pers.) Hagström 28 25 9 16 1 1 80 

Vuilleminia comedens (Nees : Fr.) Maire 1 - - - - - 1 

Xylodon asperus (Fr.) Hjortstam & Ryvarden - - 1 1 - - 2 

Xylodon borealis (Kotir. & Saaren.) Hjortstam & Ryvarden - - 1 - - - 1 

Xylodon brevisetus (P. Karst.) Hjortstam & Ryvarden - 66 - 30 - - 96 

Xylodon crustosus (Pers.: Fr.) Chevall 1 1 - - 1 - 3 

Xylodon rimosissimus (Peck) Hjortstam & Ryvarden 22 2 3 - 3 6 36 

        

Records that remained on genus level        
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Antrodia sp. - 2 - 1 - - 3 

Athelia sp. 1 - - - 1 1 3 

Athelopsis sp. - 2 - 1 - - 3 

Botryobasidium sp. 5 7 3 - - - 15 

Ceraceomyces sp. - 1 - 1 - - 2 

Ceriporia sp. 2 - - - - 1 3 

Galzinia sp. - 1 - - - - 1 

Hyphodontia sp. - 4 - 2 - - 6 

Leptosporomyces sp. - 1 - - - - 1 

Oligoporus sp. - 2 - 1 - - 3 

Phanerochaete sp. 1 - 1 - - - 2 

Phlebia sp. - 1 - - - - 1 

Phlebiella sp. 1 - - - - - 1 

Physisporinus sp. 1 - - - - - 1 

Piloderma sp. - 2 - 1 - - 3 

Postia sp. - 1 - 2 - 1 4 

Pseudotomentella sp. - - - 1 - - 1 

Sistotrema sp. - - - - 1 - 1 

Tomentella sp. 3 - 5 - 1 - 9 

Tomentellopsis sp. - 6 2 1 - - 9 

Trametes sp. 6 - 2 - - - 8 

Trechispora sp. 5 3 1 1 1 - 11 

Trichaptum sp. - 3 - - - - 3 

Tubulicrinis sp. - - - 1 - - 1 

Tulasnella sp. - - - 1 - - 1 

1 Corylus avellana, Sorbus aucuparia, Salix caprea + spp., Prunus padus, Tilia cordata, and Fraxinus excelsior 

 


