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Abstract

Conservation of wood-inhabiting fungi requires sufficient knowledge of their occurrences on woody substrates. We
studied and compared two major wood-decay fungal groups (polypores and corticioids) on dead wood. Eight fungal or
substrate groups were separated in the analyses. In total, 6,102 dead wood units were surveyed, and 5,682 occurrences of
302 fungal species were recorded. Our analyses included also empty dead wood units, which is rather rare in quantitative
ecological studies of dead wood species. In general, the occurrence of fungal species did not exactly follow the availability
of dead wood substrates, indicating high importance of substrate quality on species. Furthermore, polypores and corticioids
differed from each other in their substrate occurrence patterns. The largest differences were found in diameter classes,
corticioids occurring more often on small dead wood units. Our findings emphasize the importance of maintaining the
variation in dead wood quality when preserving the diversity of wood-inhabiting fungi.
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Introduction
Since the recognition of dead wood as an important
substrate for forest biodiversity (Essen et al. 1997,
Siitonen 2001, Stokland et al. 2004, Jonsson et al. 2005),
numerous studies have focused on the ecology and
substrate requirements of dead-wood-inhabiting species. One of the most studied groups is fungi, especially
polypores (reviewed by Junninen and Komonen, 2011),
while the occurrence of other major wood-decay fungi,
such as corticioids, has been studied much less (but see
Penttilä and Kotiranta 1996, Küffer and Senn-Irlet 2005,
Küffer et al. 2008, Juutilainen et al. 2011).
From the biodiversity conservation point of view, it is
essential to know the habitat factors affecting these species. On a stand-scale, several factors are likely to be important, including age of the forest, successional stage,
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management history, size and connectivity of forest patches,
tree species composition and amount and quality of dead
wood (Junninen et al. 2006, Stokland and Larsson 2011, YliSirniö et al. 2012, Magnusson et al. 2014). Also, on the tree
level several dead wood factors are known to affect the
occurrence of wood-inhabiting (polypore) fungi. For example, tree decay stage, tree species, size and type of the
dead wood units are known to affect species-richness and
abundance of wood-decay fungi (H¸iland and Bendiksen
1997, Sippola and Renvall 1999, Heilmann-Clausen and
Christensen 2004, Yli-Sirniö et al. 2012).
Despite many studies, comparative studies containing quantitative data on wood-inhabiting fungi other
than polypores are still rather rare. For example, polypores
and corticioids have often been analysed together as
one group (e.g. Penttilä and Kotiranta 1996, HeilmannClausen 2001, Juutilainen et al. 2011), and thus the groupISSN 2029-9230
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specific distribution patterns are not clear. If any differences between their occurrence exists, this would suggest that polypores and corticoids have different roles
in wood decomposition and, consequently, also their
roles in ecosystem functioning may differ. Polypores and
corticioids were chosen as focal taxa, since they play an
ecologically valuable role in dead wood and they have
an important role as indicator species. Furthermore, conservation issues are topical based on the results of their
Red List evaluation.
In general, different fungi have a different role in
wood decay process (Hakala et al. 2004, Fukasawa et al.
2011, Rajala et al. 2015). Since wood decay is related to
the availability of dead wood to other organisms and
also to carbon release from forest ecosystem (Janisch
and Harmon 2002), more specific knowledge is needed
not only for biodiversity conservation but also to build
more accurate ecosystem-level models (see also Venugopal et al. 2016b).
The species-specific occurrence patterns of fungi
on different substrates have usually been documented
in identification books (e.g. Niemelä 2005, Bernicchia and
Gorjón 2010). Unfortunately, these data are based on
highly descriptive observations. In general, it is a notable shortage in ecological studies of dead wood species
that null records or uninhabited substrates and microhabitats are dismissed. For this reason, it is almost impossible to document habitat associations reliably. It is
often possible that some specific substrates have not
been studied at all, and this explains why they are not
reported as potential substrates for a species.
In this study, we explored substrates of two groups
of wood decay fungi: polypores and corticioids. Our overall aim was to analyse if these two groups have similar
ecological roles in relation to dead wood substrates. We
(1) compared the occurrence of the mentioned two fungal
groups among all surveyed dead wood units, with special
emphasis on the species of conservation concern. Our
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data include also null records, i.e. empty dead wood
units. Empty dead wood units can maintain fungal hyphae, but units were lacking visible sporocarps at the
moment of the survey. Our second (2) specific objective
was to find out if polypores and corticioids as groups
differ on their substrate requirements.

Materials and Methods
Study area
We selected 27 islands (Figure 1) from the eastern
part of the Archipelago Sea within the Baltic Sea (approx.
60° N, 22° E; 0-42 m a.s.l.), based on their size, dominant
forest habitat type and location in the archipelago zone
of Finland (Kunttu et al. 2015a).
The forests in the study area were dominated by
Scots pine (Pinus sylvestris L.), black alder (Alnus
glutinosa (L.) Gaertn.) and downy birch (Betula pubescens Ehrh.). Also, Norway spruce (Picea abies (L.)
Karst.), aspen (Populus tremula L.), common hazel
(Corylus avellana L.), and rowan (Sorbus aucuparia L.)
occurred fairly commonly. Silver birch (Betula pendula
Roth) grows in the middle archipelago zone, but not in
the outer zone. Forest habitat types included herb-rich
forests, mesic heath forests, xeric heath forests and barren heath forests (Kunttu et al. 2015a).
The study area was situated in the hemiboreal zone
(Ahti et al. 1968). In the study area, the length of the
growing is on average 191 days and the temperature sum
is 1,2501,300 (Kersalo and Pirinen 2009). The mean annual temperature is +6.5 °C, and the annual precipitation
549 mm. The prevailing winds blow from the southwest
(20%) (Pirinen et al. 2012). The islands consist mainly of
gneiss and granite bedrock with soil layers of moraine,
sand or gravel deposition (Anon. 2015). The recorded
number of aphyllophoroid species in the Archipelago Sea
National Park comprises 303 species (Kunttu et al. 2015b).

Figure 1. Location of
the study sites
2018, Vol. 24, No. 2 (48)
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Data collection
Polypore and corticioid fungi were surveyed during
the years 20082010 between late July and early November which corresponds to the peak sporocarp formation
season for these fungal groups in Finland (Halme and
Kotiaho 2012). In the sampling, we surveyed all kinds of
dead wood types with the minimum diameter of 3 cm and
minimum length of 30 cm. The surveyed dead wood units
were divided into five categories according to their diameter and position (four categories for downed wood:
39 cm, 1019 cm, 2029 cm, ³ 30 cm, and one for dead
standing trees ³ 10 cm). Furthermore, four tree species
or tree species groups were separated: Scots pine, black
alder, birches and other tree species (other including
all non-dominant tree species, like Norway spruce, aspen, common hazel and rowan). The diameter was measured at breast height (1.3 m) for whole trunks and as the
basal diameter for other dead wood units.
The search effort of dead wood and fungi was proportional to the size of the island (i.e. substrates were
inventoried in relation to island area): for four tree species and five diameter categories, one dead wood unit
was surveyed for every two hectares. The first appropriate dead wood unit was selected when encountered and
each dead wood unit was surveyed once. 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. Altogether, 6,102 units of dead wood were measured and
searched for fungi. Each fungal species found on one
dead wood unit was considered as one record.
Classification of dead wood variables and fungi
For dead wood, four substrate variables were recorded as follows: tree species, dead wood type, diameter class and decay stage. For the analyses, tree species were divided into four species groups: black alder,
birches, other deciduous trees and conifers. Dead wood
types were divided into four classes, based on the
classification by Tonteri and Siitonen (2001): 1) dead
standing trees and snags, 2) fallen trunks and logs, 3)
fallen branches and logging residue, and 4) natural and
cut stumps. Four diameter classes were used for downed
wood: 39 cm, 1019 cm, 2029 cm, ³ 30 cm, and one for
dead standing trees (³ 10 cm). Decay stage was assessed
based on method that was originally developed by
McCullough (1948). In the current study, we used the
method with five classes following Renvall (1995): stage
1 means fresh dead wood, 2 slightly decayed, 3 intermediately decayed, 4 advanced decayed, and 5 completely decayed.
We also separated kelo trees (772 dead wood units)
because they are a distinct substrate type for dead wood
species. In boreal forests a kelo tree means an old, dead
2018, Vol. 24, No. 2 (48)
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Scots pine with silver grey and decorticated trunk surface (Niemelä et al. 2002, Venugopal et al. 2016a). In this
study, we included in kelos all dead wood units originated from kelo trees, not only dead standing or whole
fallen trunks but also cut logs, fallen branches and
stumps. In total, we separated 18 types of dead wood in
the analyses.
For statistical analyses, the fungal species were divided into five, partly overlapping groups (Table 1):
polypores, corticioids, species of conservation concern,
rare species, and species on kelo trees. The substrate
material (i.e. dead wood units) was divided into three
groups (Table 1): polypore-rich substrates, corticioidrich substrates, and species-rich substrates. Empty dead
wood units (i.e. those that completely lacked fungal
sporocarps) 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.
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 wood-inhabiting species of these groups were included. Both fungal groups
are highly diverse and taxonomically polyphyletic. They
both belong to an artificial non-gilled form-group of
aphyllophoroid fungi (Basidiomycota).
Polypore-rich substrates were defined as having a
minimum of three polypore species and corticioid-rich
substrates a minimum of four corticioid species on a dead
wood unit. Species-rich substrates had a minimum of
five species of either group. To define the group of species of conservation concern, we selected all red-listed
species from the two latest Finnish Red List assessments
Table 1. The groups of fungi and substrates, the numbers
of fungal records or dead wood units within these groups,
and the number of species within fungal groups
Group
Fungal groups
Records of polypores
Records of corticioids
Records of conservation
concern species
Records of rare species
Records of kelo species
Substrate groups
Polypore-rich substrates
Corticioid-rich substrates
Species-rich substrates
Species-empty substrates

Number of
Number of
fungal records species
1
or substrates
2049
3633

84
218

399
238
608

64
74
87

34
104
70
2597

-

A unit is either the number of fungal records or the number
of dead wood units (substrate) depending on group.
1
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(Rassi et al. 2001, Kotiranta et al. 2010) and the listed
indicator species of forest conservation value (Kotiranta
and Niemelä 1996, Savola 2012). Both indicator lists include mainly polypores. The number of units in each of
the categories is presented in Table 1.
Rare species were defined according to the Finnish
aphyllophoroid checklist (Kotiranta et al. 2009). A rare
species was defined as a species with fewer than 10
known records from Finland or as a species with a very
narrow ecological niche (Kotiranta et al. 2009). We also
separated fungal records on kelo trees. The distribution
of records of these kelo species was compared only to
dead wood units in the kelo category.
Statistical analyses
We used the G-test of goodness-of-fit to find out if
the relative frequency distributions of fungal records on
the available substrates followed the availability of dead
wood categories, or if they appeared more often than
expected on specific substrates. We used Williams correction for continuity to improve statistical accuracy
when the expected numbers were small (McDonald 2014).
We tested the independence of the frequency distributions of the attribute categories between the groups
(polypores vs. corticoids) using Goodman-Kruskal
tau-test (G-K t) with Monte Carlo estimations of the
p-values.
When reporting the results of distributions, we used
both statistical significances and percentage point differences, focusing on those cases where there were both
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statistically significant difference and where magnitude
of any of the pairwise proportional differences was 20
percentage points (p.p.) or more in tests according to
G-test, and 15 p.p. or more in tests of Goodman-Kruskal
Tau-tests. These limiting values were chosen for the sake
of clarity when presenting the results. All the original
p.p. differences are also reported.
Statistical analyses were performed using SPSS
21, except that the Gtests were run by McDonalds
(2014) algorithm.

Results
The relative frequency distributions of total fungal
records among dead wood variables differed from the
distribution of the comparable dead wood units; this
applied to both polypores and corticioids (both p < 0.001,
Figure 2a-d). The greatest difference was in the distribution of corticioids among dead wood types, where the
fungal abundance on logs was 26 p.p. larger than the
share of logs among all studied dead wood units.
The distributions of polypore-rich substrates differed most in terms of dead wood type and diameter class
from the distribution of all surveyed dead wood units
(both p < 0.001, Figure 3b, c), and to some extent also in
terms of decay stage and tree species (both p = 0.043,
Figure 3a, d). Polypore-rich substrates were much more
often logs (54 p.p. difference) and ³ 30 cm downed dead
wood (difference 34 p.p.) than expected on the basis of
all surveyed dead wood. On the other hand, dead stand-

Figure 2. Frequency distributions of polypore records (P),
corticioid records (C) and all surveyed dead wood units (dead
wood) in different dead wood
variables. Y-axis shows the proportion of records (% of all
records) in each dead wood category. In diameter classes, D refers
to downed dead wood and S to
standing dead trees. Decay class
indicates decay stage from fresh
dead wood (1) to completely decayed (5). More details on the
classifications of the dead wood
categories in the text (chapter
Classification of dead wood variables and fungi)
2018, Vol. 24, No. 2 (48)
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Figure 3. Frequency distributions
of
polypore-rich
substrates
(P-R), corticioid-rich substrates
(C-R) and all surveyed dead wood
units (dead wood) in different
dead wood variables. Y-axis
shows the proportion of records
(% of all records) in each dead
wood category. In diameter classes, D refers to downed dead wood
and S to standing dead trees. Decay class indicates decay stage
from fresh dead wood (1) to completely decayed (5). More details
on the classifications of the dead
wood categories in the text (chapter Classification of dead wood
variables and fungi)

ing trees and dead wood units of diameter class 39 cm
were underrepresented in polypore-rich substrates (differences 22 p.p. and 25 p.p., respectively).
The distributions of corticioid-rich substrates differed most in terms of decay stage, dead wood type and
diameter class from the distribution of all surveyed dead
wood units (all p < 0.001, Figure 3b-d) and to some extent also in terms of tree species (p = 0.037, Figure 3a).
Corticioid-rich substrates were rarely on decay stage 1,
where the difference was 26 p.p compared to all surveyed dead wood units. Furthermore, corticioid-rich
substrates were more often logs (difference 43 p.p.) and
more often of diameter class 1019 cm (difference 21 p.p.)
than the proportion of all surveyed dead wood units
would have suggested; also, none of the corticioid-rich
substrates was a dead standing tree (difference 22 p.p.).
The distributions of species-rich substrates differed
from the distribution of all surveyed dead wood units in
terms of three dead wood variables (all p < 0.001, Figure
4b-d). Only in tree species the distributions did not differ (p = 0.471, Figure 4a). Species-rich substrates were
more seldom on decay stage 1 than expected, where the
difference was 26 p.p. None of the species-rich substrates
was a dead standing tree (difference 22 p.p.) but instead
they were more often logs (difference 50 p.p.) than the
distribution of all surveyed dead wood units would have
suggested.
The distributions of species-empty substrates differed from the distribution of all surveyed dead wood
units in terms of all dead wood variables (all p < 0.001,
2018, Vol. 24, No. 2 (48)
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Figure 4a-d). The majority of species-empty substrates
were dead standing trees and stumps, dead wood units
with decay stage 1, and conifers in general.
The distributions of the species of conservation
concern differed in all dead wood variables from the distribution of all surveyed dead wood units (all p < 0.001,
Figure 5a-d). The largest difference (22 p.p.) was in dead
wood type: the species of conservation concern were
concentrated on logs more often than their proportion
in all surveyed dead wood units would have suggested.
Rare species had a consistent distribution with all
surveyed dead wood units in terms of tree species
(p = 0.306, Figure 5a). Otherwise there were clear differences in distributions of other dead wood variables (all
p < 0.001, Figure 5b-d). The proportion of rare species
occurrences on decay stage 1 was clearly lower (25 p.p.)
than the proportion of all dead wood units on this stage.
Rare species were also concentrated on logs (difference
34 p.p.) instead of dead standing trees (21 p.p.).
Compared to the distribution of all surveyed kelo
wood units, the distributions of kelo species were clearly
different in all three dead wood variables (decay stage,
dead wood type and diameter class) (all p < 0.001, Figure
6a-c). Tree species was not tested because a kelo tree is
always Scots pine. The greatest difference (30 p.p.) between the proportions was in dead wood type: kelo species were concentrated on logs.
According to Goodman-Kruskal tau-test there was
a clear difference between polypore records and corticioid records in their occurrence on dead wood. Groups
ISSN 2029-9230
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Figure 4. Frequency distributions of species-rich substrates (S-R), species-empty
substrates (E) and all surveyed
dead wood units (dead wood)
in different dead wood variables. Y-axis shows the proportion of records (% of all
records) in each dead wood
category. In diameter classes,
D refers to downed dead wood
and S to standing dead trees.
Decay class indicates decay
stage from fresh dead wood (1)
to completely decayed (5).
More details on the classifications of the dead wood categories in the text (chapter
Classification of dead wood
variables and fungi)

Figure 5. Frequency distributions of records of species of
conservation concern (SCC),
records of rare species (rare)
and all surveyed dead wood
units (dead wood) in different
dead wood variables. Y-axis
shows the proportion of
records (% of all records) in
each dead wood category. In
diameter classes, D refers to
downed dead wood and S to
standing dead trees. Decay
class indicates decay stage
from fresh dead wood (1) to
completely decayed (5). More
details on the classifications of
the dead wood categories in
the text (chapter Classification
of dead wood variables and
fungi)

differed from each other in all four dead wood variables
(all tests p < 0.001). The largest difference (20 p.p.) was
in the proportion of records on dead standing trees where
polypores were found more often than corticioids.
Corticioids were found on the wood in the smallest diameter class clearly more than polypores (difference 16
2018, Vol. 24, No. 2 (48)

p.p.). Polypores grew more often on fresh dead wood
than corticioids (difference 16 p.p.) and were most often
found on birch, whereas corticioids were most often
found on conifers.
The polypore-rich substrates and the corticioid-rich
substrates were different in terms of tree species
ISSN 2029-9230
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Figure 6. Frequency distributions of records of kelo species (kelo species) and all surveyed kelo wood units (kelo wood) in different dead wood
variables. Y-axis shows the proportion of records (% of all records) in
each dead wood category. In diameter classes, D refers to downed dead
wood and S to standing dead trees. Decay class indicates decay stage from
fresh dead wood (1) to completely decayed (5). More details on the classifications of the dead wood categories in the text (chapter Classification
of dead wood variables and fungi)

(G-K t = 0.117, p = 0.001), diameter class (G-K t = 0.191,
p = 0.000) and decay stage (G-K t =0.101, p = 0.006), but
both fungal groups were associated with similar dead
wood types (G-K t = 0.028, p = 0.201). The polypore-rich
substrates were more often other deciduous trees (difference 19 p.p.) than the corticioid-rich substrates, and
the corticioid-rich substrates were more often black alders and conifers (both with differences 16 p.p.). Furthermore, the corticioid-rich substrates belonged more often
into the two smallest diameter classes (differences 16 p.p.
and 26 p.p. respectively), whereas the polypore-rich
substrates were dominant in diameter class ³ 30 cm (difference 36 p.p.). The polypore-rich substrates were more
often (difference 24 p.p.) fresh dead wood (decay stage 1)
than the corticioid-rich substrates, and vice versa: the
corticioid-rich substrates were more often in advanced decay stage (decay stage 3) (difference 15 p.p.). Dead standing trees did not provide species-rich substrate at all.
Fungal species, number of records of each species
and their contribution to the species groupings are listed
in the Appendix.

Discussion and Conclusions
The two main findings in the current study are that
(1) the occurrence of both polypore and corticoid wood
decay fungi does not always follow the availability of
different woody substrates in forests, and (2) polypores
and corticioids have several occurrence patterns dis2018, Vol. 24, No. 2 (48)
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tinct from each other. Our study is among the first ones
that has been able to quantitatively analyse the complete fungal wood-decayer assemblages on all available
substrates (with diameter ³ 3 cm) and that includes also
data of zero occurrences on substrates. Our main findings have implications to wood-decay patterns and processes in forest ecosystems and to conservation of
biodiversity of wood-inhabiting fungi in forests.
While discussing the main findings, we note also a
few shortcomings that must be taken into account when
interpreting and applying the results. First, the fruiting
body abundance does not necessarily reflect abundance
of growing mycelia within substrates. However, from the
conservation viewpoint fruiting body abundance is still
probably a relevant indicator of long-term population
viability, because it is related to reproductive behaviour
of the population. For this reason, we feel that counting
fruiting bodies is still very informative and valuable.
Second, our sampling scheme did not control for the
availability of different substrate types in the data. Thus,
the results must be interpreted only as relative distributions of groups (fungal group or null occurrences) rather
than as absolute preference patterns of these groups.
This latter fact largely also precludes further analyses
of joint effects of the variables. This would ideally be
done in a setting where sampling is controlled for the
categorial variables and their ranges. Overall, thus, we
discuss the findings primarily in terms of relative differences between the groups.
ISSN 2029-9230
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Tree species
The diversity of tree species and their composition
are one of the most influential factors on the species
assemblages of wood-inhabiting fungi (Heilmann-Clausen et al. 2005, Sippola et al. 2005, Yli-Sirniö et al. 2012,
Kutszegi et al. 2015). Most wood-inhabiting fungi favour specific host tree species (Boddy and HeilmannClausen 2008), at least on the level of coniferous or deciduous trees (Junninen and Komonen 2011, Lindner et
al. 2006, Küffer et al. 2008). Lindhe et al. (2004) found
that the number of fungal records from spruce, birch and
aspen were more or less the same when the number of
surveyed dead wood units were equal.
In our data, despite the statistically significant difference, the records of corticioids seemed to follow the
availability of different tree species fairly closely, unlike
the polypores which were more common on birch and
less common on conifer trees than expected from the
availability of these tree species. The high number of
polypores on birch can be explained by two very common polypore species Fomes fomentarius and Piptoporus betulinus that together accounted for 55% of all
records on birch. One of the most common tree species
in the study area, black alder, showed no importance
larger than expected from its availability. However, it has
been found that black alder can host diverse fungal assemblages and many rare species (Kunttu et al. 2016).
Other deciduous trees than birch and alder, seemed to
harbor a disproportionately large share of the polyporerich substrates. These were mainly aspen and goat willow, of which particularly aspen is known to host diverse fungal communities (Junninen et al. 2007).
Dead wood type
Logs (fallen trunks) were found to be clearly the
most important substrate for all studied groups. Logs
were especially important as species-rich substrates, for
rare species and for kelo species (proportions ca 80
100% of all records in these groups). The importance of
downed dead wood has been recognized in several other
studies as well, although in most of these the availability of different dead wood types has not been taken into
account (e.g. see Junninen and Komonen 2011). Especially fallen trunks or logs are the most important dead
wood types among the downed dead wood (Sippola and
Renvall 1999, Sippola et al. 2005).
Of the other substrate types, only dead standing
trees seemed to be of importance for polypores, mostly
because of Inonotus radiatus, Fomes fomentarius, and
Piptoporus betulinus which grew in high numbers on
dead standing deciduous trees. Also, dead standing trees
were inhabited by polypore species of conservation concern to some extent, including mainly a few pine-dwelling old-growth forest indicator species which were fairly
2018, Vol. 24, No. 2 (48)
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common in the study area (Phellinus pini, Phaeolus
schweinitzii and Meruliopsis taxicola). Most of the
species that grow on dead standing trees can grow also
on downed dead wood (Lindhe et al. 2004, Sippola and
Renvall 1999). In general, dead standing trees (including
snags) had a smaller role as substrate for wood-inhabiting fungi in our data, as has been found also in other
studies (Rydin et al. 1997, Heilmann-Clausen and Christensen 2004, Sippola et al. 2005, Pasanen et al. 2014).
Diameter
Polypores were represented in the smallest diameter fraction of dead wood much less than expected from
the availability of different diameter classes. The importance of large-diameter dead wood for polypores was
clearly seen in the distribution of polypore-rich substrates among all available dead wood substrates (diam.
³ 3 cm): from the smallest diameter fraction polyporerich substrates lacked totally, and the larger the diameter the larger the share of polypore-rich substrates was.
In contrast, with corticioids the pattern was almost the
opposite. Similar results have also been reported by
Nordén et al. (2004) with 79% of corticioid records derived from fine woody debris (< 10 cm) and 51% of
polypore records derived from coarse woody debris
(³ 10 cm).
Somewhat unexpectedly, species of conservation
concern, rare species or species living on kelo trees were
not overrepresented on largest dead wood diameters but
on the second smallest diameter class (1019 cm). In
total, 90% of records of rare species were corticioids
and this at least partly explains the result. Also, Juutilainen et al. (2011, 2014) found many rare corticioid species on small-diameter dead wood.
The importance large-diameter dead wood for woodinhabiting fungi has been shown in several studies (e.g.
Ohlson et al. 1997, Nilsson et al. 2001, Siitonen et al.
2001). However, small-diameter dead wood plays also an
essential role for wood-inhabiting fungi (mainly corticioids) (e.g. Küffer et al. 2008, Abrego and Salcedo 2013).
Juutilainen et al. (2011) found that excluding very fine
woody debris (£ 5 cm) resulted in underestimation of the
occurrences of species by 66%; and more than 38% of
the species and 75% of records would be undetected if
only the largest diameter class (³ 10 cm) was included in
the data. Our results support these findings, especially
importance of fine woody debris for corticioids.
Decay stage
Regarding all records, the occurrence of polypores
followed the availability of different decay stages of dead
wood fairly closely, whereas corticioids were found on
slightly more decayed wood. The corticioid-rich substrates were concentrated on later decay stages than
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the polypore-rich substrates. More than half of the species-empty substrates were fresh dead wood, whereas
the species-rich substrates (both fungal groups together) were concentrated on slightly and intermediately
decayed wood. Our results revealed the important role
of slightly decayed (decay stage 2) wood for fungi. Most
of wood-inhabiting aphyllophoroid species favour
intermediately decayed wood, corresponding to decay
stage 3 of our study (Bader et al. 1995, Kruys et al. 1999,
Groven et al. 2002, Heilmann-Clausen et al. 2005, Siitonen
et al. 2005, Sippola et al. 2005, Junninen et al. 2006,
Jönsson et al. 2008). In our data, the detected relative
importance of less decayed wood was probably due to
some numerous species which were concentrated on
fresh or slightly decayed wood, including, for example,
Inonotus radiatus, Stereum rugosum and Trichaptum
abietinum.
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),
but in our study most of the occurrences of species of
conservation concern were found on earlier decay
stages. This resulted from several old-growth forest indicator species on pine which commonly grew also on
fresh dead wood, like Sistotremastrum suecicum and
Meruliopsis taxicola. Rare species of our study, however, were found in later decay stages, which is in agreement with decay stage preference of red-listed
species.
The kelo species were found most often on slightly
and intermediately decayed wood, when the availability
of different decay stages is taken into account. Like in
all fallen trees, also in the kelo trees fungal composition
has its own succession in the course of decay (Niemelä
et al. 2002, Venugopal et al. 2016a). Due to the slow development and extremely slow decay rate of the kelo
trees, also the fungal species specialized on kelos seem
to be slow in their colonization, needing a continuity in
the supply of the substrate (Niemelä et al. 2002). In our
study area occurrence of kelo trees varied between the
study sites (Kunttu et al. 2015a), and the continuity of
kelo trees may have been broken on some study islands.
Dead wood in the final stage of degradation had
only a minor role for the studied fungal groups. This has
been found also in other studies (e.g. H¸iland and
Bendiksen 1997, Renvall 1995). Although the occurrence
of sporocarps decreases towards the end of the decay
process, in molecular studies it has been found that
within the wood, the number of wood decay fungi, represented by operational taxonomic units, generally increases as the log becomes more decomposed (Rajala et
al. 2015). Also, in our data, empty substrates were
overrepresented in the latest decay stage.
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Implications to conservation of wood-decay
fungal diversity
The amount of dead wood has an essential role for
the occurrence of saproxylic species (Hottola et al. 2009,
Müller and Bütler 2010, Yli-Sirniö et al. 2014). However,
wood quality and its variation are also very important
(Penttilä et al. 2006, Ylläsjärvi et al. 2011). Variation of
dead wood quality is typical to natural forests (Siitonen
et al. 2000), and many fungal species have specialized
on specific substrate (Lindblad 1998, Nordén et al. 2013).
Assemblage-level occurrence patterns have, however,
remained quite unexplored so far.
As expected, the substrate patterns of different fungal groups varied, and this demonstrates the importance
of maintaining diverse dead wood in forests. Downed
logs seem to be disproportionately important substrates
compared to dead standing trees, fallen branches or tree
stumps. In addition to the large-diameter dead wood,
however, also small-diameter dead wood was found to
be important substrate for wood-inhabiting fungi, especially corticioids. Forest management and clear-cut harvests have traditionally left small-diameter wood to harvest sites as logging residues. This is, however, changing since nowadays also these residues are often collected for bioenergy production. Since small diameter
wood may be significant substrate for fungi, it is possible that recent trends in biomass harvest may affect fungi
more widely than previously (Eräjää et al. 2010, Hämäläinen et al. 2015).
Wood-quality associations of fungi have major implications for their conservation and challenges for restoration. For example, ecological restoration aims to bring
back natural structures and processes into altered forests, to facilitate and promote habitats and substrates
for natural occurring species (Halme et al. 2013). Dead
wood creation is one of the key restoration activities in
forests but restoration does not automatically lead to
high fungal species diversity (Pasanen et al. 2014). According to our results, special attention must be paid to
restoration of different dead wood types and not to focus only on restoring sufficient amounts of dead wood.
Finally, based on our results, we emphasize that
polypores and corticoids may have different roles in how
they affect overall wood decay and carbon dynamics in
forest ecosystems because of their different occurrence
patterns on dead wood. This aspect warrants further
studies to improve the mechanistic analyses on how
carbon may be released from forest ecosystem and how
these processes may modify the climate effects that forests have. Based on our findings, it would be important
to develop forest management to maintain the variation
in dead wood quality in every phase of silviculture. This
would improve the possibilities to preserve the diversity of wood-inhabiting fungi also in managed forests.
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Appendix. Recorded fungal species and their abundance and groups
Only records identified to species level are included here. The total data included 12 records of polypores and
101 records of corticioids not identified to species-level. Nomenclature is mainly according to Kotiranta et al.
(2009) and Hjortstam and Ryvarden (2009), but the names of some species follow literature mentioned in
references. Species of conservation concern are from red-listed evaluations (Rassi et al. 2001, Kotiranta et al.
2010), and from two indicator species lists (Kotiranta and Niemelä 1996, Savola 2012)
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