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Abstract
Fomitopsis pinicola [Sw.] P. Karst. is one of the most common wood-decaying macrofungi which is adapted to growth 
under different environmental conditions, but little is known about its intraspecific variation in spatial distribution, 
function and substrate specificity in different habitats. To understand how the geographical distribution, trophic 
mode and host specificity of this fungus vary across different habitat categories, we analysed its habitat and trophic 
preferences using Slovakia (Central Europe) as an example. For this purpose we studied and compared the archived 
material (fungarium items and field notes) from 1954 to present, obtained from own collections and external sources. 
The occurrence of F. pinicola in forests and quasi-natural habitats is related to the distribution of Norway spruce. 
Contrariwise, sites with its presence in public urban spaces are scattered throughout the whole territory of Slova-
kia. The occurrence of F. pinicola as a saprotroph is highest in forests and lowest in public urban spaces, where it 
accounts for 90.1% and 27.7% of the total number of records, respectively. F. pinicola was also shown as an important 
pathotroph of broadleaves in public urban spaces, where pathotrophy concerns as high as 72.3% of relevant records. 
Prunus species are the most frequently infested woody plants, accounting for 81.3% of these records. In silico analysis 
of available F. pinicola ITS sequences indicates its genetic homogeneity in Central Europe and the adjacent regions. 
Thus, the observed differences in trophic modes and host preferences of F. pinicola from different habitats cannot 
be explained by its intraspecific genetic variability.
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1. 	Introduction

In general, Fomitopsis pinicola [Sw.] P. Karst. is a com-
mon brown-rot fungus found in Central Europe, where it 
frequently grows on conifers but also occurs on deciduous 
trees (Niemelä et al. 1995; Zúbrik et al. 2008; Konôpka 

(ed.) 2010; Černý et al. 2015; Butin 2019). However, it 
is not clear from the published data, whether it exists pri-
marily as saprotroph for which parasitism is only inciden-
tal. On one hand, its role in conifer forests is essential. 
In fact, it is one of the most important primarily sapro-
trophic wood-decaying species, which mainly degrades 
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cellulose leaving lignin as structural component intact 
and thus play important role in the carbon cycle (Pent-
tilä et al. 2004; Bače et al. 2012; Pouška et al. 2013). On 
the other hand, other authors also draw attention to the 
parasitic status of this species (Samek et al. 1957; Černý 
1976; Soukup & Pešková 2002; Konijnendijk et al. 2005; 
Mihál & Cicák 2006; Vacek et al. 2007; Zúbrik et al. 2008; 
Butin 2019).

Many studies suggest that communities of wood-
decaying macrofungi vary considerably between dif-
ferent forest stand types, being shaped by specific envi-
ronmental parameters such as the presence of hosts of 
the appropriate taxa, substrate succession, humidity 
and temperature (Heilmann-Clausen 2001; Bače et al. 
2012; Pouška et al. 2013; Abrego 2022). The diversity of 
trophic modes of wood-decaying macrofungi (Agarico-
mycotina, Basidiomycota) is an important prerequisite 
for their survival and activity in habitats. Some studies 
even indicate that some of these fungi “recognize” the 
habitat naturalness (Antonín & Holec 2015). According 
to this concept, there exist different possible ecological 
scenarios, for example: (1) different habitats – different 
geographical distribution, and (2) different habitats – 
different trophic modes (phytopathological status, life 
strategy) and host preferences.

Under the first scenario, the range of hosts that fungal 
destroyer can infect in geographic areas or habitats is a 
trait determined by its own evolutionary history and by 
the evolutionary history of its potential hosts. However, 
data on host range diversity in urban and other non-forest 
areas are scarce (Konijnendijk et al. 2005). This study 
intends to bridge the gap in our understanding of the host 
range in these areas. Moreover, some fungi, e.g., Auricu-
laria auricula-judae [Bull.] Quél., appear to be changing 
hosts upon climate change (Gange et al. 2011). Under 
the second scenario, we also assume that some fungi 
may have different trophic modes in different habitat 
categories.

In context of these considerations, the goal of this 
study is to answer the following questions: (1) Can dif-
ferent habitats in the same geographic area affect the host 
preferences of genetically homogeneous phytopathologi-
cally important macrofungi? (2) Can different habitats 
affect both geographical distribution and trophic mode 
in these fungi? As a model organism we used the red-
banded polypore, Fomitopsis pinicola. The main study 
area was the territory of Slovakia (Central Europe), 
where we studied the records and specimens, collected 
since 1954. Previous analyses reveal genetic homogene-
ity of the European F. pinicola specimens collected from 
coniferous hosts (Högberg et al. 1995, 1999; Haight et al. 
2016). To understand whether specimens collected on 
both coniferous and deciduous woody plants are also 
genetically homogeneous, we compared patterns of these 
specimens sourced from various regions of Europe.

2. 	Baseline data, their acquisition  
and processing

For our studies, we divided the habitats of F. pinicola into 
3 categories according to the placement and function they 
have (Jeffrey 2002; Konijnendijk et al. 2005): (a) pub-
lic urban spaces in cities, towns, and villages, hereafter 
“public urban spaces” (public parks and similar open 
spaces, cemeteries, gardens, both paved and non-paved 
squares, planted streets and pockets of greenery), (b) 
quasi-natural habitats associated with engineered fea-
tures, hereafter “quasi-natural habitats” (public recrea-
tional areas and sport fields: urban forests, arboretums, 
spa parks, cottage areas, ski resorts; transport corridor 
verges: rail sides, roadsides; water margins: riversides, 
lakesides; public spaces on the urban fringe), and (c) 
forests.

Concurrently, we considered two types of the trophic 
modes: wood-decaying saprotrophy and woody plant 
pathotrophy. F. pinicola as the wood-decaying sapro-
troph derives its nutrition from the dead wood, defined 
as the wood of stumps and various parts of dead trees, 
standing or lying. F. pinicola as a pathotroph causes 
a brown rot of living trees.

We identified the woody plant taxa by routine meth-
ods and determined them according to standard, widely 
used keys (Krüssmann 1984; Úradníček et al. 2009). In 
nomenclature of woody plants, we followed The Interna-
tional Plant Names Index database (IPNI 2024).

The obtained data from Slovak forests are based on 
the following sources:
a) 	 field notes of J. Gáper, S. Glejdura and K. Bučinová, 

obtained during their occasional mycological excur-
sions to forest stands since 1982, especially in pro-
tected areas. Repeated data, i.e. the same records in 
several forest stands, mostly in protected areas, were 
obtained over the past 50 years during excursions, 
conducted by other field mycologists. These excur-
sions did not provide data other than those reported 
in our results.

b) 	 museum collections: Herbarium – Slovak National 
Museum Bratislava, Slovakia (BRA), Herbarium 
– Charles University, Prague, Czechia (PRC), Her-
barium – National Museum, Prague, Czechia (PRM), 
Herbarium – Moravian Museum, Brno, Czechia 
(BRNM). A part of the voucher specimens is depos-
ited in the Private fungarium of Stanislav Glejdura, 
Zvolen, Slovakia (PSG).

c) 	 relevant printed and electronic sources since 1954 
(Acta Botanica Universitatis Comenianae; Catathe-
lasma; Časopis Národního Muzea Praha; Česká 
mykologie – Czech Mycology; Folia Oecologica; 
Journal of Forest Science; Lesnícky časopis – For-
estry Journal – Central European Forestry Journal; 
Lesnická práce, s. r. o; Mykologické listy; Natura Car-
patica; Naturae Tutela; Ochrana prírody; Ochrana 
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přírody; Proceedings of the Czechoslovak Scientific 
Society for Mycology; Spravodajca slovenských 
mykológov; Zborník Oravského múzea; Zborník prác 
o Tatranskom Národnom Parku; Zprávy lesnického 
výzkumu������������������������������������������; Janitor & Fábry 1981; Kotlaba 1984; Kot-
laba & Pouzar 1986; Mihál 1995; Záhorovská 1997; 
Janitor & Gáper 1998; Škubla 2003; Čadek 2006; 
Konôpka (ed.) 2010; Baranovič 2024; BioLib 2024; 
FotoNet 2024; Kunca & Zúbrik 2024).

Most records from both public urban spaces and quasi-
natural habitats were obtained by J. Gáper as the result 
of his systematic field surveys of urban and rural areas of 
Slovakia in 1982–2024. The collections were conducted 
mostly in summer and autumn months, but extensive 
research covered the entire years. We identified the 
specimens by routine methods and determined them 
according to standard, widely used keys (Bernicchia 
2005; Ryvarden & Melo 2017).

Besides that, a part of records was:
a) 	 excerpted from the polypore card-register of F. Kot-

laba (Prague) from January 1953 to February 1989;
b) 	 obtained occasionally in the last 32 years by S. Glej

dura, K. Bučinová, S. Gáperová, P. Kollárová and 
M. Šebesta during their excursions to urban and/or 
rural areas;

c) 	 excerpted from the relevant printed and electronic 
sources (Acta Botanica Universitatis Comenianae; 
Škubla 2003; Kollár 2011; Baranovič 2024; FotoNet 
2024);

d) 	 excerpted from the renowned Slovak and Czech her-
baria (BRA, PRC, PRM, BRNM).

The nomenclature of fungi follows Index Fungorum data-
base (Cooper & Kirk 2024).

The continuously updated maps with the distribution 
of F. pinicola in Slovakia were generated on the base of all 
the above-mentioned data sources according to the Tool 
for searching locations within the squares of vegetation 
mapping in Slovakia (TOOL) grid square system (Senko 
et al. 2024). To illustrate changes in the distribution of 
the species, we presented the records in three above-
mentioned habitat categories separately. The points on 
the maps do not relate to each individual record but show 
the localities of the fungus in exact TOOL squares. As 
a result, a single point on the map could include more 
than one locality.

To evaluate the genetic differences between F. pini-
cola sequences from broadleaved and coniferous hosts, 
we prepared the custom dataset of F. pinicola internal 
transcribed spacer (ITS) sequences by downloading the 
GenBank sequences with clearly defined origin (speci-
fied host and country). The final dataset consisted of 41 
sequences of F. pinicola (29 from conifers and 12 from 
broadleaves) from 12 countries of Central Europe and 
adjacent regions (Table 1).

The sequences were aligned using ClustalW algorithm 
and diversity between sequences (the number of substi-
tutions per nucleotide) was calculated using Kimura 

2-parameter model. To visualize differences among 
sequences, the phylogenetic trees were constructed using 
Neighbor-Joining, Maximum Parsimony and Minimum 
Likelihood algorithms implemented in MEGA software 
version 11 (Tamura et al. 2021). Bayesian inference tree 
of ITS data was constructed with MrBayes version 3.2 
(Ronquist et al. 2012), available at www.phylogeny.fr.

3. 	Geographical distribution of red-banded 
polypore in Slovakia

For our study, we analysed data for the past ca 70 years. 
According to our opinion, the habitat categories have 
changed considerably in Slovakia during this period. 
Therefore, the older material would give incorrect infor-
mation in the present situation.

Table 1. List of Fomitopsis pinicola ITS sequences used in this 
study.

Strain / 
Voucher

Country  
of origin Host

ITS GenBank  
accession 
number

RAMG_13114
P3_4908
IB20130042
IB20130040
IB20130024
IB20130030
IB20130021
IB20130015
IB20130018
IB20130013
IB20130010
Vlasak 1905/1
ZK35/08
CFMR:LT-319
CFMR:LT-323
F29
MOGU 117-19
IB20130034
O20.2.1
P52
B48
VL291A
NIBIO 2016-1000/1
TS-Fp-24
O2
F11_900
D09_821
A08_998
C08_941
IB20130026
DR_EST_021
12391 H
NW-FVA7048
NW-FVA5278
7
agrAR043
I220
M97
olrim956
LE-BIN: 3969
LE-BIN: 4361

Austria
Austria
Austria
Austria
Austria
Austria
Austria
Austria
Austria
Austria
Austria
Czech Republic
Czech Republic
Estonia
Estonia
Finland
Italy
Italy
Latvia
Latvia
Latvia
Lithuania
Norway
Russia
Sweden
Switzerland
Switzerland
Switzerland
Switzerland
Austria
Estonia
Finland
Germany
Germany
Germany
Germany
Latvia
Latvia
Lithuania
Russia
Russia

Picea sp.
Picea abies [L.] H. Karst.
Picea abies [L.] H. Karst.
Picea abies [L.] H. Karst.
Picea abies [L.] H. Karst.
Larix decidua Mill.
Picea abies [L.] H. Karst.
Picea abies [L.] H. Karst.
Picea abies [L.] H. Karst.
Picea abies [L.] H. Karst.
Picea abies [L.] H. Karst.
Picea abies [L.] H. Karst.
Picea abies [L.] H. Karst.
Picea sp.
Picea sp.
Picea abies [L.] H. Karst.
Picea abies [L.] H. Karst.
Picea abies [L.] H. Karst.
Picea abies [L.] H. Karst.
Pinus sylvestris L.
Picea abies [L.] H. Karst.
Pinus mugo Turra
Picea abies [L.] H. Karst.
Picea sp.
Picea abies[L.] H. Karst.
Picea abies [L.] H. Karst.
Picea abies [L.] H. Karst.
Picea abies (L.) H. Karst.
Picea abies [L.] H. Karst.
Alnus incana [L.] Moench 
Alnus sp.
Alnus incana [L.] Moench 
Fraxinus excelsior L.
Fagus sylvatica L.
Acer platanoides L.
Viscum album L. 
Alnus incana [L.] Moench 
Alnus glutinosa [L.] Gaertn.
Fraxinus excelsior L.
Populus tremula L.
Malus domestica Borkh.

KU171413
KM396268
KM360140
KM360139
KM360135
KM360137
KM360134
KM360132
KM360133
KM360131
KM360130
ON994728
FR717226
KF169652
KF169651
GU067743
OM422745
KM360138
MK911616
MK801342
FJ903310
JF440570

MF511079
KF169656
JQ765681
KT943920
KT943919
KT943917
KT943918
KM360136
KU171403
JQ700273
OP023253
MT561407
FR686554
FN435658
GU062263
JF340282
AY787671
OQ053214
OM033739
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We collected a total number of 508 Fomitopsis pinicola 
records, representing three habitat categories in Slovak 
territory since 1954. Over half of them (334 records, i.e. 
65%) belong to the category forests. 78 records repre-
sent the category quasi-natural habitats. In the category 
public urban spaces, 96 records were detected. Of the 
96 records from the latter category and 78 records from 
quasi-natural habitats, 62 and 90, respectively, are origi-
nal. The category forests includes 128 original records 
and 206 records from external sources. However, some 
of them (more precisely 50 records from this category) 
could not be used for the synthesis of the geographical 
distribution data due to the absence of detailed location 
(missing coordinates or square location). To summarise 

the distribution of F. pinicola in Slovakia, 458 records 
were therefore used in total (284 from forests, 78 from 
quasi-natural habitats, and 96 from public urban spaces).

The distribution of F. pinicola in forests (Fig. 1) and 
quasi-natural habitats (Fig. 2) is similar and overlaps with 
the distribution of the Norway spruce (Picea abies [L.] 
H. Karst.). This means that the occurrence of F. pinicola 
from these two habitat categories is linked mostly to the 
mountainous regions. Its distribution in the public urban 
spaces has a larger range and represents the scattered 
occurrence on the whole territory of Slovakia (Fig. 3).

At the turn of the 1930s/1940s, the first list of F. pini-
cola records in Slovakia was published by Pilát (1936–42). 
All the records available up to the beginning of the 1980s, 

Fig. 1. Distribution map of Fomitopsis pinicola records in Slovak forests within the quadrants of the square system of the vegeta-
tion mapping in Slovakia TOOL (Senko et al. 2024). The distribution of Norway spruce is coloured in grey.

Fig. 2. Distribution map of Fomitopsis pinicola records in Slovak quasi-natural habitats within the quadrants of the square sys-
tem of the vegetation mapping in Slovakia TOOL (Senko et al. 2024). The distribution of Norway spruce is coloured in grey.

Picea abies

Picea abies
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Fig. 3. Distribution map of Fomitopsis pinicola records in Slovak public urban spaces within the quadrants of the square system 
of the vegetation mapping in Slovakia TOOL (Senko et al. 2024).

including those of Pilát mentioned here, were processed 
by Kotlaba (1984). Based on this knowledge of geographi-
cal distribution, he wrote that F. pinicola preferably grows 
in Northern and Central Slovakia. Our findings show that 
these Slovak regions are certainly the best ones for this 
fungus in both forests and quasi-natural habitats (Figs. 
1, 2). However, 96 records from the category public urban 
spaces published here are not from these typical Slovak 
regions but from the entire territory of Slovakia (Fig. 3).

4.	 Trophic modes and woody 
plants as hosts

After the exclusion of the records with the missing infor-
mation about the trophic mode, a dataset of 363 records of 

F. pinicola (202 from the category forests, 67 from quasi-
natural habitats and 94 from public urban spaces) was 
used to compare and quantify its main trophic modes. As 
Fig. 4 shows, saprotrophy is the dominant trophic mode 
of F. pinicola in forests, where it accounts for 90.1% of 
the total number of records for which we indicated the 
trophic mode. In contrast, F. pinicola is important as 
a pathotroph of woody plants in the public urban spaces, 
where the pathotrophy is related to 72.3% of the total 
number of considered records.

To analyse the taxonomic spectra of the hosts for 
F. pinicola, we used the dataset representing 384 records 
in total, from which 235 belong to the category forests, 
61 to quasi-natural habitats, and 88 to the category public 
urban spaces. The rest of 508 records did not contain the 
information about host.

Fig. 4. The occurrence of Fomitopsis pinicola in Slovakia over the past ca 70 years, according to the trophic mode and the woody 
plants within three habitat categories. (A: public urban spaces; B: quasi natural habitats; C: forests).
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Conifers are the main hosts of F. pinicola in forests and 
quasi-natural habitats, where they represent 74.9% and 
61.3% of the total number of analysed records, respec-
tively. However, this number is only 21.6% in public 
urban spaces (Fig. 4). From among coniferous trees, the 
dominant host of F. pinicola is the Norway spruce. Con-
trariwise, broadleaved woody plants are the dominant 
hosts of F. pinicola in the public urban spaces, accounting 
for 78.4% of the total number of records for which we 
indicated the host, followed by the quasi-natural habitats 
(38.7%) and the forests (25.1%), respectively (Fig. 4). 
From among the broadleaves from public urban spaces, 
the predominant hosts of F. pinicola are the species of 
Prunus (81.3% of 69 reliable records), followed by only 
a few records on seven another woody plants (Table 2, 
Fig. 5).

F. pinicola colonizes, especially in mountain and foot-
hill forests, primarily the wood of dead or dying, standing 
or lying trunks and stumps of conifers, mostly Picea abies, 
Abies alba, Pinus sylvestris, and Larix decidua. However, 
it may also grow as a pathotroph on older, overmature liv-
ing trees (Samek et al. 1957; Mihál & Cicák 2006) or the 
trees in poor health damaged by animals (Příhoda 1964), 
diseases (Černý et al. 2015), mechanical wounds from 
forest machines or logs, or wind stress and other abiotic 
stressors (Příhoda 1964; Černý 1976; Soukup & Pešková 
2002; Vacek et al. 2007; Zúbrik et al. 2008; Konôpka (ed.) 
2010). In connection with its action as a pathotroph, it 
is necessary to note that F. pinicola has been reported 
as a heart rot pathogen and subsequently as a mortality 
agent of old-growth spruces in pristine northern forests 
of Europe, China, and Alaska. These data were summa-

Fig. 5. Basidioma of F. pinicola as a pathotroph on the Prunus 
serrulata branching point in Zvolen town, Slovakia (photo: 
Svetlana Gáperová).

Table 2. Occurrence (% of all broadleaved/coniferous host 
individuals) of Fomitopsis pinicola in Slovakia over the past 
70 years, according to the host tree species within three habitat 
categories (A: public urban spaces; B: quasi-natural habitats; 
C: forests).

Tree species
Occurrence (% of host individuals)

A B C
Broadleaved
Alnus incana [L.] Moench
Alnus glutinosa [L.] Gaertn.
Alnus sp.
Betula pendula Roth
Betula pubescens Ehrh.
Betula sp.
Cerasus avium [L.] Moench
Corylus avellana L.
Fagus sylvatica L.
Frangula alnus Mill.
Fraxinus sp.
Malus domestica Borkh.
Paulownia tomentosa Steud.
Populus alba L.
Populus tremula L.
Populus sp.
Prunus armeniaca L.
Prunus avium [L.] L.
Prunus cerasifera Ehrh.
Prunus cerasus L.
Prunus domestica L.
Prunus serrulata Lindl.
Prunus subhirtella Miq.
Prunus sp.
Quercus robur L.
Quercus sp.
Salix alba L.
Salix silesiaca Willd.
Salix sp.
Sorbus aucuparia L.
Tilia cordata Mill.
Tilia platyphyllos Scop.
Tilia sp.
Ulmus sp.

0.0
0.0
0.0
0.0
0.0
0.0
2.9
0.0
2.9
0.0
0.0
7.2
1.5
0.0
0.0
0.0
1.5

18.8
10.1

1.5
11.6
34.8

1.5
1.5
0.0
0.0
0.0
0.0
0.0
1.5
1.5
1.5
0.0
0.0

14.3
0.0
4.8

23.8
0.0
4.8
0.0
4.8
9.5
0.0
0.0
0.0
0.0
0.0
9.5
0.0
0.0
4.8
0.0
0.0
0.0
0.0
0.0
0.0
4.8
4.8
4.8
0.0
0.0
0.0
4.8
4.8
0.0
0.0

1.8
3.6
9.0
3.6
1.8

12.5
0.0
1.8

32.1
1.8
1.8
0.0
0.0
3.6
3.6
1.8
0.0
1.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.8
7.1
1.8
5.4
0.0
0.0
0.0
1.8
1.8

Coniferous
Abies alba Mill.
Larix decidua Mill.
Picea abies [L.] H. Karst.
Picea pungens Engelm.
Picea sp.
Pinus nigra J. F. Arnold
Pinus /sylvestris L.
Pinus sp.
Pseudotsuga menziesii [Mirb.] Franco

5.6
0.0

55.6
5.6

16.7
0.0
5.6
0.0

11.1

5.6
0.0

88.9
0.0
0.0
0.0
0.0
5.6
0.0

13.6
1.1

77.3
0.0
0.0
1.1
3.4
3.4
0.0

rized by Vasaitis (2013). In addition, it was observed that 
the spreading of this fungus is facilitated by bark beetles 
(Coleoptera: Curculionidae, Scolytinae) and can reach 
high densities after their outbreaks. Living basidiomata 
on dead wood appear even after 1 year after bark beetle 
outbreak but are lacking on living trees (Příhoda 1964; 
Pouška et al. 2013; Vasaitis 2013; Vogel et al. 2017). 
According to Zúbrik et al. (2008), F. pinicola also serves 
as the major decomposer of deciduous trees.

Our results from Slovak forests correspond to the 
available literature data from the coniferous forests of 
Central Europe. However, as shown in Table 3, its patho-
logical impact on broadleaved trees in Central European 
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Table 3. List of Fomitopsis pinicola trophic modes in Central European forests (S – wood-decaying saprotroph, P – pathotroph, 
* – overmatured trees, ** – weakened and/or stressed trees).

Author(s) Trophic mode Geographical origin Host(s)
Orłoś (1955)
Samek et al. (1957)
Příhoda (1964)
Černý (1976)
Kotlaba (1984)
Kuthan (ed.) (1989)
Jankovský et al. (2002)
Soukup & Pešková (2002)
Penttilä et al. (2004)
Mihál & Cicák (2006)
Vacek et al. (2007)
Zúbrik et al. (2008)
Vogel et al. (2017)
Butin (2019)
Scholler et al. (2021)

S, P**
S, P

S, P**
S, P**

S, P
S
S

P**
S

S, P*
S, P**
S, P**

S
S, P

S
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forests is little studied and appreciated (Orłoś 1955; Kot-
laba 1984; Zúbrik et al. 2008). Therefore, the question 
arises about its pathogenic role and incidence on these 
trees in forests ecosystems. Data scarcity is still a com-
mon barrier to adequately understanding trophic modes 
of wood-decaying fungi in Central European urban and 
other non-forest areas. As a results, we believe that our 
study has at least started to fill the gap in our understand-
ing of the trophic strategies in these areas.

Survey data, including those from the forests of Slo-
vakia and Central Europe found, that in both forests and 
quasi-natural habitats, where F. pinicola is widespread 
and abundant, it associates predominantly with conifers. 
The host survey data demonstrate that it is an impor-
tant saprotroph, especially of species in the Pinaceae. 
Contrariwise, in the urban settings, where F. pinicola is 
restricted in its distribution, it associates especially with 
broadleaved trees, which are its rarer hosts in both forests 
and quasi-natural habitats. A survey of 88 records from 
the Slovak public urban spaces indicates that F. pinicola is 
an important pathogen in urban trees, especially Prunus 
spp. (Rosaceae).

These differences among habitat categories primarily 
arise from the different composition of the woody plant 
species spectrum present and the fungus adaptation in 
the landscape.

Although some data suggest a role of F. pinicola in 
urban tree pathogenesis, the available information is 
scarce. Our results correspond to these previously pub-
lished data (Konijnendijk et al. 2005; Butin 2019).

Between 1999 and 2001 a pilot study was conducted 
on the main pests and diseases in urban forests and trees 
in 18 European countries. From four of them including 
Slovakia F. pinicola was reported to be a fungus caus-
ing decay rated as important (Konijnendijk et al. 2005). 
Similarly, Butin (2019) wrote that it is may also attack liv-
ing trees in parks. Similar conclusions were also reached 
by the Lederer (2007), who confirmed that F. pinicola 
colonizes living tree trunks of Prunus spp. in the Czech 
Republic’s urban areas.

5.	 In silico analysis of genetic diversity  
within F. pinicola

To evaluate genetic differences within F. pinicola in 
Central Europe and adjacent territories, ITS sequences 
phylogenetic analysis was performed. The set of ITS 
sequences from broadleaved hosts, despite lower num-
bers of sequences, exhibits 3-times higher variability than 
the set from conifers (0.0034 versus 0.0011 base sub-
stitutions per nucleotide). The observed within-groups 
divergences are low and the diversity between broad-
leaved and coniferous host groups was even lower than 
the diversity within coniferous group (0.0021 base sub-
stitutions per nucleotide). It indicates that the variability 
of ITS sequences cannot discriminate between F. pinicola 
ITS sequences from broadleaved and coniferous hosts.

Careful examination of phylogenetic trees con-
structed by Neighbor-Joining, Maximum Parsimony, 
Minimum Likelihood or Bayesian inference did not lead 
to the identification of any pattern based on either the 
host or the geographical origin of the strains/vouchers 
(data for Maximum Parsimony and Neighbor-Joining 
trees are shown in Fig. 6). We can therefore conclude 
that there are no genetic bases for the observed differ-
ences between F. pinicola isolates infecting deciduous 
and coniferous hosts.

GenBank search of available F. pinicola sequences 
allowed us to generate the custom database of ITS 
sequences of European origin from multiple coniferous 
or broadleaved hosts. Unfortunately, limited number 
of sequences of other molecular markers used in the 
molecular taxonomy of fungi, e.g., partial translation 
elongation factor 1-α (tef1-α), large subunit ribosomal 
ribonucleic acid (LSU rRNA), or RNA polymerase II 
gene (Rpb2) were available in GenBank database. The 
final dataset included the sequences from 12 countries 
and was dominated by sequences from Picea abies as 
a host. The observed between-group and within-group 
variability was at least 10-times lower than commonly 
used cutoff divergence (0.03) for sequences belonging to 
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the different operational taxonomic unit – species (Wu 
et al. 2019) and observed divergences within groups 
were 3-times lower than intraspecies ITS variability in 
members of Ganoderma genus (Pristaš et al. 2023). By 
comparison of F. pinicola sequences from a wide range of 
coniferous or broadleaved hosts and from all over Europe 
we reveal genetic homogeneity among European popu-
lations of F. pinicola and confirm that host jumps and 
preference has not been a major driver of speciation in 
this species (Haight et al. 2016).

Theoretically, considerable genetic variation within 
fungal morphospecies could be due to different host spec-
trum over their geographic ranges, though this variation 
may not always be evident when analysing the pheno-
types (Haight et al. 2016; Pristaš et al. 2023). F. pinicola 
is the first polypore that was studied from the viewpoint 
of genetic diversity (Högberg et al. 1995, 1999). In these 
studies, genetic differentiation among populations in 
Swedish, Finnish, Russian and Lithuanian coniferous 
forests (often with the dominance of Norway spruce) 
was found to be very low. No population differentiation 
was detected over large geographic distances among the 
populations studied and so, they were found to be mem-
bers of one intersterility group. These findings were also 
confirmed by more recent researchers.

Using sequence data of the ITS regions of the rDNA, 
Dresch et al. (2015) found only very little sequence diver-
gence between 14 Austrian and Italian strains. Besides 
that, no grouping of 8 F. pinicola ITS sequences from 
Picea abies host from Austria was observed, and the 
sequence of F. pinicola strain 7 from broadleaves Acer 
platanoides from Germany showed the highest similarity 
to F. pinicola sequence of strain VL291A from Lithuania 
and coniferous Pinus mugo host. Only sequences from 
USA or Asia showed a stronger sequence divergence.

Similarly, the analysis of three molecular mark-
ers (ITS, tef1-α, and Rpb2) found very little sequence 
divergence among the six European strains isolated from 
basidiomata collected on coniferous hosts in Estonia, 
Sweden, and Russia (Haight et al. 2016). In addition, 
the data of the last cited authors suggest that the Euro-
pean clade, which has a geographic range confined to 

Eurasia, is Fomitopsis pinicola sensu stricto (s. str.), while 
other three North American clades represent separate 
species in the F. pinicola complex. Using the same three 
molecular markers, the above-mentioned assumption 
was confirmed by Liu et al. (2021).

6.	 Conclusion

Until the late 1980s, the species of wood-decaying fungi 
were described mostly on the basis of their macro- and 
micromorphological characteristics. However, subse-
quent studies have repeatedly shown that even the tradi-
tional morphospecies, such as Fomes fomentarius sensu 
lato (s. l.) or Heterobasidion annosum s. l., often shelter 
extensive cryptic diversity. According to recent studies, 
cryptic species are a common phenomenon throughout 
the fungal taxa and are usually to have different host asso-
ciations from one another in different habitats.

Although genetically homogeneous populations are 
generally rare in the wild, Fomitopsis pinicola is a wide-
spread genetically homogeneous species in Central 
Europe. Despite this, it has different both geographical 
distribution and host associations in different habitats. 
The occurrence of this fungus in both forests and quasi-
natural habitats associated with engineered features 
is related to the distribution of Norway spruce (Picea 
abies). The occurrence of F. pinicola in the public urban 
spaces in cities, towns and villages is scattered, but covers 
practically all the regions of Slovakia. F. pinicola appears 
to be primarily a wood-decaying saprotroph in Central 
European coniferous forests (especially Norway spruce 
forests) while in the public urban spaces in cities, towns 
and villages it is important as a pathotroph of broadleaved 
trees. The species of Prunus are very susceptible to the 
fungus within this habitat category. Our results show that 
local adaptation of F. pinicola to different habitat condi-
tions, expressed by intraspecific variation in geographic 
distribution, function, and host specificity, occurred 
without processes of cryptic speciation during the long-
term occurrence of F. pinicola in Central Europe.

Fig. 6. Selected parts of unrooted phylogenetic trees showing relatedness among F. pinicola ITS sequences obtained by Neigh-
bor-Joining (part A) and Maximum Parsimony algoritms (part B). GenBank accession numbers, country of origin, and host are 
shown.



81

J. Gáper et al. / Cent. Eur. For. J. 71 (2025) 73–82

Acknowledgements

This research was funded by the Grant Agencies of the 
Ministry of Education, Science, Research and Sport, 
Slovak Republic, VEGA No. 1/0564/21 and KEGA No. 
014UMB-4/2023 and by the ITMS 313011T721 project 
Comprehensive research of determinants for ensuring 
environmental health (ENVIHEALTH) supported by 
the Operational Programme Integrated Infrastructure 
(OPII) funded by the ERDF. We thank the curators of 
herbaria PRM (J. Holec), BRA (I. Kautmanová), BRNM 
(H. Ševčíková), PSG (S. Glejdura) and PRC (O. Koukol) 
for data on the presence or absence of Fomitopsis pinicola 
specimens, S. Glejdura and K. Bučinová for details on their 
records of F. pinicola, and anonymous reviewers for their 
valuable comments.

References

Abrego, N., 2022: Wood-inhabiting fungal communi-
ties: Opportunities for integration of empirical and 
theoretical community ecology. Fungal Ecology, 
59:101–112.

Antonín, V., Holec, J., 2015: Taxonomy of some old-
growth forest fungi – what should we pay attention 
to. Czech Mycology, 67:97–98.

Bače, R., Svoboda, M., Pouška, V., Janda, P., Červenka, 
J., 2012: Natural regeneration in Central-European 
subalpine spruce forests: Which logs are suitable for 
seedling recruitment? Forest Ecology and Manage-
ment, 266:254–262.

Bernicchia, A., 2005: Polyporaceae s. l., Fungi Europaei. 
Alassio, Massimo Candusso, 808 p.

Butin, H., 2019: Krankheiten der Wald- und Parkbäume. 
Diagnose, Biologie, Bekämpfung. Stuttgart, Ulmer 
Eugen Verlag, 303 p. (In German).

Čadek, P., 2006: Ekofyziologické skupiny makromycét 
a ich vzťahy k hlavným lesotvorným drevinám vo 
vybraných chránených územiach. PhD thesis, Zvo-
len, ÚEL SAV Zvolen, 120 p. (In Slovak).

Černý, A., 1976: Lesnická fytopatologie. Praha, Státní 
zemědělské nakladatelství, 347 p. (In Czech).

Černý, K., Pešková, V., Modlinger, R., 2015: Rozšíření 
fytoftorového onemocnění olší v lesních porostech ČR 
– Předběžné výsledky. Zprávy lesnického výzkumu, 
60:256–261. (In Czech).

Dresch, P., D’Aguano, M. N., Rosam, K., Grienke, U., 
Rollinger, J. M., Peintner U., 2015: Fungal strain mat-
ters: colony growth and bioactivity of the European 
medicinal polypores Fomes fomentarius, Fomitopsis 
pinicola and Piptoporus betulinus. AMB Express, 
5:1–4.

Gange, A. C., Gange, E. G., Mohammad, A. B., Boddy, L., 
2011: Host shifts in fungi caused by climate change? 
Fungal Ecology, 4:184–190.

Haight, J.-E., Laursen, G. A., Glaeser, J. A., Taylor, D. 
L., 2016: Phylogeny of Fomitopsis pinicola: a species 
complex. Mycologia, 108:925–938.

Heilmann-Clausen, J., 2001: A gradient analysis of com-
munities of macrofungi and slime moulds on decay-
ing beech logs. Mycological Research, 105:575–596.

Högberg, N., Stenlid, J., Karlsson, J. O., 1995: Genetic 
differentiation in Fomitopsis pinicola (Schwarts: Fr.) 
Karst studied by means of arbitrary primed-PCR. 
Molecular Ecology, 4:675–680.

Högberg, N., Holdenrieder, O., Stenlid, J., 1999: Popula-
tion structure of the wood decay fungus Fomitopsis 
pinicola. Heredity, 82:354–360.

Janitor, A., Fábry, I., 1981: Príspevok k poznaniu myko-
flóry Štátnej prírodnej rezervácie Rozsutec. In: Janík, 
M., Štolman, A. (eds.): Rozsutec. Martin, Osveta, 
p. 421–437. (In Slovak).

Janitor, A., Gáper, J., 1998: Štúdium mykoflóry Národnej 
prírodnej rezervácie Rozsutec v rokoch 1996 a 1997. 
In: Korňan, M. (ed.): Výskum a ochrana Krivánskej 
Malej Fatry. Varín, Správa NP Malá Fatra, p. 39–48. 
(In Slovak).

Jankovský, L., Vágner, A., Apltauer, J., 2002: The decom-
position of wood mass under conditions of climax 
spruce stands and related mycoflora in the Krkonoše 
Mountains. Journal of Forest Science, 48:70–79.

Jeffrey, D., 2002: Natural and Semi-Natural Habitats in 
the City. In: Dunne, L. (ed.): Biodiversity in the City. 
Dublin, Environmental Institute-University College, 
p. 2–6.

Kollár, J., 2011: Výskyt pôvodcov hubových ochorení vo 
vybraných mestách Slovenska. In: Adamčíková, K., 
Kobza, M. (eds.): Dreviny vo verejnej zeleni. Nitra, 
Slovenská poľnohospodárska univerzita, p. 107–112. 
(In Slovak).

Konijnendijk, C. C., Nilsson, K., Randrup, T. B., Schip-
perijn, J. (eds.), 2005: Urban Forests and Trees. Ber-
lin, Springer, 520 p.

Konôpka, B. (ed.), 2010: Výskum smrečín destabi-
lizovaných škodlivými činiteľmi. Zvolen, NLC, p. 
1–341. (In Slovak).

Kotlaba, F., 1984: Geografické rozšíření a ekologie 
chorošů Polyporales s. l. v Československu. Praha, 
Academia, 194 p. (In Czech).

Kotlaba, F., Pouzar, Z., 1986: Seznam hub (Macromy-
cetes) „Pod Dudášom“ u Detvy. Manuscript. Zvolen, 
Správa CHKO Poľana, manuscript. (In Czech).

Krüssmann, G., 1984: Manual of cultivated broad-leaved 
trees & shrubs. Portland, Timber Press, 624 p.

Kuthan, J. (ed.), 1989: Houby rašelinišť a bažinatých lesů 
v Československu. Praha, ČVSM, p. 1–90. (In Czech).

Lederer, J., 2007: Dřevokazné houby na území města 
Frýdku-Místku, Moravskoslezský kraj, Česká repub-
lika. Práce a Studie Muzea Beskyd (Přírodní Vědy), 
19:171–184. (In Czech).

Liu, S., Han, M.-L., Xu, T.-M., Wang, Y., Wu, D.-M., 
Cui, B.-K., 2021: Taxonomy and phylogeny of the 



82

J. Gáper et al. / Cent. Eur. For. J. 71 (2025) 73–82

vivší houbové choroby našich jehličnanů. Zprávy les-
nického výzkumu, 47:103–106. (In Czech).

Škubla, P., 2003: Mycoflora Slovaca. Šaľa, Pavol Škubla, 
1103 p. (In Slovak).

Tamura, K., Stecher, G., Kumar, S., 2021: MEGA11: 
Molecular Evolutionary Genetics Analysis version 
11. Molecular Biology and Evolution, 38:3022–3027.

Úradníček, L., Maděra, P., Tichá, S., Koblížek, J., 2009: 
Dřeviny České republiky. Kostelec nad Černými lesy, 
Lesnická práce, s. r. o., 367 p. (In Czech).

Vacek, S., Matějka, M., Simon, J., Malík, V., Schwarz, O., 
Podrázský, V. et al., 2007: Zdravotní stav a dynamika 
lesních ekosystémů Krkonoš pod stresem vyvolaným 
znečištěním ovzduší. Kostelec and Černými lesy, 
Lesnická práce, s. r. o., 216 p. (In Czech).

Vasaitis, R., 2013: Heart rots, sap rots and canker rots. In: 
Gonthier, P., Nicolotti, G. (eds.): Infection forest dis-
eases. Wallingford, CABI International, p. 197–229.

Vogel, S., Alvarez, B., Bässler, C., Müller, J., Thorn, S., 
2017: The red-belted bracket (Fomitopsis pinicola) 
colonizes spruce trees early after bark beetle attack 
and persists. Fungal Ecology, 27:182–188.

Wu, B., Hussain, M., Zhang, W. W., Stadler, M., Liu, 
X. Z., Xiang, M. C., 2019: Current insights into fun-
gal species diversity and perspective on naming the 
environmental DNA sequences of fungi. Mycology, 
10:127–140.

Záhorovská, E., 1997: Huby. In: Feráková, V. (ed.): Flóra, 
geológia a paleontológia Devínskej Kobyly. Bratis-
lava, Litera, p. 58–68. (In Slovak).

Zúbrik, M., Kunca, A., Novotný, J., 2008: Hmyz a huby: 
Atlas poškodení lesných drevín. Zvolen, NLC, 250 p. 
(In Slovak).

Other sources
Baranovič, R., 2024: [cited 2024 April 25]. Fomitopsis 

pinicola [Sw.] P. Karst. Available at https://www.
nahuby.sk/atlas-hub/Fomitopsis-pinicola/prach-
novcek-pasikavy/troudnatec-pasovany/ID515.

BioLib, 2024: [cited 2024 May 2]. Fomitopsis pinicola 
[Sw.] P. Karst. Available at https://www.biolib.cz/
cz/taxon/id59934/.

Cooper, J., Kirk, P., 2024: [cited 2024 March 12]. Index 
Fungorum Database. Available at http://www.spe-
ciesfungorum.org/Names/Names.asp.

FotoNet, 2024: [cited 2024 April 30]. Fomitopsis pini-
cola [Sw.] P. Karst. Available at https://www.fotonet.
sk/?idi=1933.

IPNI, 2024: [cited 2024 May 24]. International Plant 
Names Index. Available at http://www.ipni.org.

Kunca, A., Zúbrik, M. (eds.), 2024: [cited 2024 Feb 20]. 
Škodcovia drevín. Available at https://www.skodco-
viadrevin.sk/.

Senko, D., Kempa, M., Husár, O., Michálek, J., 2024: 
[cited 2024 Jan 11 – March 30]. Tool for searching 
locations within the squares of vegetation mapping in 
Slovakia. Available at https://ibot.sav.sk/dfs/stvorce/.

Fomitopsis pinicola complex with descriptions of six 
new species from East Asia. Frontiers in Microbiol-
ogy, 12:644979.

Mihál, I., 1995: Sukcesné a produkčné pomery makromy-
cétov smrekových monokultúr na bývalých nelesných 
pôdach. PhD thesis, Bratislava, Botanický ústav SAV 
Bratislava, 123 p. (In Slovak).

Mihál, I., Cicák, A., 2006: Zdravotný stav a mykoflóra 
smrekových porastov v imisnej oblasti Stredného 
Spiša. Naturae Tutela, 10:129–134. (In Slovak).

Niemelä, T., Renvall, P., Penttilä, R., 1995: Interactions 
of fungi at late stages of wood decomposition. Annales 
Botanici Fennici, 32:141–152.

Orłoś, H., 1955. Lesnícka fytopatológia. Bratislava, Slov-
enské vydavateľstvo pôdohospodárskej literatúry, 
252 p. (In Slovak).

Penttilä, R., Siitonen, J., Kuusinen, M., 2004: Polypore 
diversity in managed and old-growth boreal Picea 
abies forests in southern Finland. Biological Conser-
vation, 117:271–283.

Pilát, A., 1936–1942: Polyporaceae – Houby chorošovité. 
In: Kavina, K., Pilát, A. (eds.): Atlas hub evropských. 
Praha, Karel Kavina et Albert Pilát, p. 1–624. (In 
Czech).

Pouška, V., Svoboda, M., Lepš, J., 2013: Co-occurrence 
patterns of wood-decaying fungi on Picea abies logs: 
does Fomitopsis pinicola influence the other species? 
Polish Journal of Ecology, 61:119–134.

Pristaš, P., Beck, T., Nosáľová, L., Gáperová, S., Gáper, J., 
2023: How different molecular markers estimate the 
diversity of European species of Ganoderma genus. 
Journal of Fungi, 9:1023.

Příhoda, A., 1964: Zpráva o hynutí starého smrekového 
porastu v odd. 211/a v ochrannom obvode Podspády. 
Zborník prác o Tatranskom národnom parku, 7:233–
234. (In Slovak).

Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D. 
L., Darling, A., Höhna, S. et al., 2012: MrBayes 3.2: 
Efficient Bayesian phylogenetic inference and model 
choice across a large model space. Systematic Biology, 
61:539–542.

Ryvarden, L., Melo, I., 2017: Poroid Fungi of Europe. 
Oslo, Fungiflora, 430 p.

Samek, V., Jančařík, V., Kriesl, A., Materna, J., 1957: 
Lesní společenstva severního úbočí Vysokých Tater, 
část I. Javorová dolina. Lesnícky časopis – Forestry 
Journal, 3:3–38. (In Czech).

Scholler, M., Bernauer, T., Ostrow, H., Popa, F., Saar, 
G., Wieners, M., 2021: Saprotrophe und parasitische 
Pilze (Agaricomycotina, Basidiomycota). In: Scholler, 
M., Popa, F. (eds.): Die Pilze des ehemaligen Bann-
walds Wilder See im Nationalpark Schwarzwald 
unter besonderer Berücksichtigung der mit Abies alba 
(Weiß-Tanne) vergesellschafteten Arten. Forschung 
im Nationalpark Schwarzwald. Seebach, National-
park Schwarzwald, p. 309–361. (In German).

Soukup, H., Pešková, V., 2002:������������������������� Významné a nově se obje-


