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b Department of Agricultural Sciences, P.O. Box 27, FI-00014, University of Helsinki, Helsinki, Finland   

A R T I C L E  I N F O   

Corresponding Editor: Michelle Jusino  

Keywords: 
Assembly process 
Assembly rule 
Fungal community 
Habitat patch 
Metacommunity system 
Resource-tracking community 
Saproxylic community 
Wood decaying community 

A B S T R A C T   

The interest in studying wood-inhabiting fungal communities has grown in recent years. This interest has mainly 
been motivated by the important roles of wood-inhabiting fungi in ecosystem functioning (e.g. nutrient cycling) 
and conservation biology (e.g. their sensitivity to forest management). In this paper, I argue that another 
important, but yet largely unexplored motivation for studying wood-inhabiting fungal communities, is their 
potential to advance fundamental community ecology. One major advantage of wood-inhabiting fungi as model 
systems is that they are organized as spatially well-defined metacommunities, thus conforming to the assump-
tions of many theoretical frameworks. Another major advantage is that they allow observations and manipu-
lations over large numbers of local communities (habitat patches). After reviewing recent approaches in 
theoretical community ecology, I discuss how past empirical studies on wood-inhabiting fungal communities 
relate to community assembly processes, and provide future research directions on how the still unstudied as-
sembly processes could be tackled using wood-inhabiting fungi as a model system.   

1. Introduction 

Much of the research in wood-inhabiting fungal communities has 
been motivated by their role in ecosystem functioning, or the need of 
identifying and conserving declining species and populations. Many 
wood-inhabiting fungal species are wood decomposers, with important 
functions of nutrient cycling (Boddy et al., 2008; Baldrian, 2016) and in 
the creation of new habitats for other wood-dwelling species in forest 
ecosystems (e.g. Fritz and Heilmann-Clausen, 2010; Cockle et al., 2012; 
Müller et al., 2014). As a result, many studies on wood-inhabiting fungal 
communities have focused on investigating how their diversity is linked 
to the decomposition process (e.g. Rajala et al., 2012; Valentín et al., 
2014; Bradford et al., 2014; van der Wal et al., 2015; Purahong et al., 
2016; Hoppe et al., 2016). Another reason why wood-inhabiting fungal 
communities have been the focus of much research relates to their high 
sensitivity to forest management. The reduction of the quantity, quality 
and continuity of deadwood caused by forest management has resulted 
in drastic declines of the wood-inhabiting fungal diversity and consid-
erable changes in their community composition (e.g. Küffer and 
Senn-Irlet, 2005; Müller et al., 2007; Stokland and Larsson, 2011; 
Abrego and Salcedo, 2013; Nordén et al., 2013; Juutilainen et al., 2014; 

Saine et al., 2018). For these reasons, there is a great interest in 
designing conservation and sustainable forestry guidelines that preserve 
the wood-inhabiting fungal diversity (Lonsdale et al., 2008; Brunet 
et al., 2010; Junninen and Komonen, 2011). 

In this article, I argue that fungal communities are highly interesting 
also for advancing fundamental community ecology, in particular to 
strengthen the two-directional interplay between theoretical and 
empirical community ecology. Wood-inhabiting fungal metacommunity 
systems can contribute greatly to advance ecological theory, by both 
providing data to test current theory, as well as bringing novel per-
spectives needed to develop new theory. Conversely, theoretical ecology 
can contribute greatly to advance empirical fungal ecology, by 
providing a conceptual framework in which to interpret results from 
different studies, and by suggesting new lines of research that may have 
thus far remained less explored. As I later explain in detail, the main 
advantages of using wood-inhabiting fungi as model systems in funda-
mental community ecology are twofold. First, wood-inhabiting fungi are 
organized in highly interactive, species-rich, temporally dynamic, and 
spatially well-defined metacommunities that conform to the assump-
tions of many theoretical frameworks. Second, wood-inhabiting fungi 
allow manipulation over large numbers of local communities inhabiting 
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discrete habitat patches, i.e. the deadwood units. To develop my argu-
ment, I will first provide a brief summary of community ecology theory 
and provide an overview of how the current theory is connected to 
empirical data, with particular emphasis on those theoretical aspects 
which have been the least connected to empirical systems in any taxa. I 
will then describe how wood-inhabiting fungal metacommunities can be 
framed within the theoretical frameworks, and finally suggest new lines 
of research that would fill in the current gaps in the interplay between 
theory and empirical research in community ecology. 

2. A brief summary of the prevailing theories in community 
ecology 

Theoretical community ecology is undergoing a rapid conceptual 
transformation focusing on integrating previously competing theories 
into unifying frameworks (Weiher and Keddy, 1999; Morin, 2011; Vel-
lend, 2016; Leibold and Chase, 2018). Influential unifying frameworks 
in community ecology are the Metacommunity Theory (Leibold et al., 
2004; Leibold and Chase, 2018), the Assembly Rules Framework 
(Keddy, 1992) and Vellend’s “Theory of Ecological Communities” 
(Vellend, 2010, 2016). 

Metacommunity Theory (MT) explains how networks of local com-
munities result from the interplay of stochastic and deterministic pro-
cesses at both local and regional scales, where a metacommunity is 
defined as “a set of local communities that are linked by dispersal of 
multiple potentially interacting species” (Leibold et al., 2004; Holyoak 
et al., 2005). For explaining variation in species composition across 
habitat patches, MT synthesises four perspectives, also known as ar-
chetypes or paradigms. These four perspectives are the neutral, patch 
dynamics, species sorting, and mass effects perspectives. With its roots 
in Hubbell’s Neutral Theory (Hubbell, 2001), the neutral perspective 
posits that all individuals are considered to be equal in competitive 
capabilities and niche preferences, irrespective of which species they 
belong to. Thus, in the neutral perspective, any variation in species 
composition emerges solely from stochastic ecological drift. The patch 
dynamics perspective assumes that species track ephemeral habitat 
patches through colonization-extinction dynamics, systematic variation 
in species composition being generated e.g. by the 
colonization-competition trade-off (Tilman, 1994). Related to the Niche 
Theory, the species sorting perspective focuses on the differences in the 
species niche preferences, which lead different species to inhabit 
different habitat patches (Chase and Leibold, 2003). The mass effects 
perspective differs from the species sorting perspective by assuming a 
much greater dispersal rate between the local communities within the 
metacommunity, so that the high dispersal rate influences variation in 
community composition. Three important assumptions of MT are that: 
(i) the four perspectives are not mutually exclusive (i.e. all can act 
simultaneously for a given metacommunity); (ii) the relative roles of 
each of the perspectives (and therefore processes) depend on the spatial 
scale; and (iii) the perspectives are just archetype examples along the 
broader spectrum of metacommunity dynamics (Brown et al., 2017). 

Like MT, the Assembly Rules Framework (ARF) allows multiple 
processes to act simultaneously at multiple spatial scales. The assembly 
processes can be conceptually viewed as ‘filters’ acting at the scales 
ranging from the regional species pool to increasingly finer scales until 
the local community composition is determined (Zobel, 1997). Phylo-
geographic assembly processes, namely processes such as speciation and 
past large-scale migration, act at the largest spatial scales (Emerson 
et al., 2011). Ecological assembly processes refer to environmental fil-
ters, biotic filters, dispersal and stochastic processes. Environmental 
filters correspond to those abiotic factors which prevent or facilitate the 
establishment or persistence of species in local communities, and thus 
they may act from largest to smallest spatial scales (Kraft et al., 2015). 
Biotic filters refer to intraspecific (e.g. density dependence) and inter-
specific interactions (e.g. predation, mutualism, facilitation and 
competition) that determine the set of species that coexist in local 

communities, and thus they act at smaller spatial scales (Araújo and 
Rozenfeld, 2014). Stochastic processes are those that generate diver-
gence among communities occupying identical environments. These can 
involve demographic stochasticity (i.e. unpredictability in population 
size due to randomness of deaths and births), colonization-extinction 
stochasticity (i.e. unpredictability in species arrival and establish-
ment), environmental stochasticity (i.e. unpredictability in population 
size caused by variation in environmental conditions) and genetic sto-
chasticity (unpredictable changes in gene frequencies due to random 
genetic drift) (Ovaskainen and Meerson, 2010; Masel, 2011; Hanski and 
Ovaskainen, 2019). Dispersal refers to contemporary small-scale and 
large-scale migrations. An important assumption in ARF that the as-
sembly processes do not act in isolation of each other. For example, 
environmental filters may modify the outcomes of the biotic interactions 
(Maron et al., 2014) and the importance of stochastic processes (Chase, 
2007). 

Recently, Vellend (2010; 2016) proposed a unifying framework that 
he called the “Theory of Ecological Communities” (TEC). Vellend 
brought a more synthetic perspective by integrating all processes of 
community dynamics into four fundamental or “high-level” processes: 
selection, ecological drift, dispersal, and speciation. Selection (sensu 
TEC) results from deterministic fitness differences between individuals 
of the same or different species, and is expected to change community 
composition to the extent that species vary in their average relative 
fitness. For instance, abiotic filtering and biotic filtering of the ARF are 
classified as selection processes of TEC, and the species sorting paradigm 
of MT considers these to play a major role. Ecological drift (sensu TEC) 
refers to the random component that drives community dynamics when 
demographic events occur at random with respect to species’ identities, 
such as demographic stochasticity. Thus, ecological drift of TEC co-
incides with the stochastic processes of ARF, and the neutral paradigm of 
MT considers these to play a major role. Dispersal (sensu TEC) refers to 
the movement of species, either past large-scale migrations or contem-
porary smaller scale movements and large-scale migrations. Thus, 
dispersal of TEC coincides with the dispersal processes of ARF, and the 
mass effects and patch dynamics paradigms of MT consider dispersal to 
play a major role. 

Rather than species’ identities, it is their traits that determine how 
they respond to their environment and to each other (McGill et al., 2006; 
Cadotte et al., 2015). Both intra- and inter-specific trait variation are 
expected to be linked to environmental filtering (e.g. Kichenin et al., 
2013), as well as biotic filtering (e.g. Carmona et al., 2019) and dispersal 
(e.g. Tamme et al., 2014) (Fig. 1). Thus, the identification of those traits 
that influence species’ responses is crucial for gaining a predictive un-
derstanding of how ecological processes modulate community assembly. 

3. How well is empirical research linked to theory in community 
ecology theory? 

While much of the focus in empirical community ecology is on 
finding generalities in the processes structuring ecological communities 
across ecosystems and taxa (e.g. Hillebrand and Blenckner, 2002; 
Götzenberger et al., 2012; Belmaker and Jetz, 2012; Soininen, 2014; 
Müller et al., 2020), we still lack a clear quantitative synthesis of the 
relative contributions of the processes structuring ecological commu-
nities. I next summarize the key reasons why linking the above described 
theoretical frameworks to empirical studies has remained challenging in 
any taxa, not only in fungi. 

3.1. Challenge 1. Most empirical studies have focused on processes that 
are easy to study, providing a biased perspective on the prevailing assembly 
processes 

Most studies focusing on disentangling the relative effects of 
different assembly processes highlight the major role of environmental 
filtering in structuring ecological communities (e.g. Diaz et al., 1998; 
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Lebrija-Trejos et al., 2010; Laliberté et al., 2014; Glassman et al., 2017). 
However, other processes such as biotic filtering, dispersal and sto-
chastic processes may have equal or even bigger roles (Stegen et al., 
2013; Fraaije et al., 2015; Powell et al., 2015) but they remain less 
studied, largely because environmental effects are easiest to statistically 
capture from observational data (Ovaskainen et al., 2019). In the same 
line, among the four perspectives in MT, species sorting and mass effects 
are the easiest ones to evaluate and thus there is bias towards studies 
testing and supporting these two perspectives (Logue et al., 2011). 
Furthermore, many empirical studies target ecological processes 
without considering evolutionary assembly processes. While the use of 
quantitative phylogenies in bringing an evolutionary perspective to 
community ecology is increasing (Webb et al., 2002; Kraft et al., 2007; 
Cavender-Bares et al., 2009), evolutionary processes such as local 
adaptation and speciation remain still poorly integrated into community 
ecology (Mittelbach and Schemske, 2015; Weber et al., 2017). 

3.2. Challenge 2. Local communities usually lack discrete boundaries 

Habitat patches are often more continuous than conceptualized in 
theory, or their boundaries are not even known. Thus, in many empirical 
studies the spatial scale at which local communities are bounded are 
arbitrarily defined. ARF allows definition of the local species commu-
nities as the set of species found at the finest scale considered, and can be 
conveniently adapted in empirical studies. However, because the rela-
tive effects of different assembly processes vary across spatial scales 
(McGill, 2010; Trisos et al., 2014; Hart et al., 2017; Mod et al., 2020), the 
flexibility for defining the spatial boundaries of local communities 
comes along with the limitation that the application of the ARF is highly 
study-specific, making it difficult to draw general conclusions across 
studies. In contrast, MT is built upon the theoretical scenario of 
well-defined habitat patches, where ecological communities are viewed 
as a set of spatially bounded local communities (Leibold et al., 2004; 
Leibold and Chase, 2018). Natural local communities with well-defined 
boundaries are for instance aquatic ecosystems such as riverine net-
works (Brown and Swan, 2010) and pond systems (Chase 2007; De Bie 
et al., 2012; Sakaeva et al., 2016). However, most local communities 
usually lack the discrete boundaries conceptualized in MT, for which 
reason it has proved difficult to directly link it to natural systems (Logue 
et al., 2011). 

3.3. Challenge 3. Inferring the underlying processes from non- 
manipulative observational data is difficult 

The vast majority of empirical studies in community ecology are 
based on non-manipulative observational data. However, non- 
manipulative observational data do not directly reveal the underlying 
processes, merely patterns that are generated by the underlying pro-
cesses. Because multiple combinations of individual assembly processes 
can generate very similar or even identical patterns of community or-
ganization, inferring the underlying processes solely from data on pat-
terns is challenging (Cale et al., 1989; Dormann et al., 2018; Ovaskainen 
et al., 2019). To address this challenge, much of the recent research in 
statistical ecology has focused on developing methods that enable con-
necting patterns in observational data more closely to the underlying 
mechanisms (Ovaskainen and Abrego, 2020). Yet, the only reliable way 
of gaining conclusive evidence about the underlying processes in 
empirical research is to conduct experimental (manipulative) ap-
proaches purposely designed to capture the focal processes (e.g. Kneitel 
and Miller, 2003; Chase 2007; Chase 2010; Howeth and Leibold, 2013). 
However, testing for the assembly processes is highly tedious or even 
unfeasible for many species-rich communities, while the reality is that 
the majority of life on Earth forms species-rich communities (e.g. fungi, 
plants, arthropods, bacteria). 

4. How is empirical research on wood-inhabiting fungi linked to 
theory in community ecology? 

A single deadwood unit contains from tens to hundreds of fungal 
species with various ecological roles such as wood decomposing (sap-
rotrophic fungi), mycorrhizal, endophitic, parasitic and lichenized spe-
cies (Ottosson et al., 2015). How such taxonomical and functional 
diversity is maintained in single deadwood units has long intrigued 
fungal ecologists. Even if this question is of a highly fundamental nature 
and tightly connected to ecological theory, research in fungal commu-
nity ecology has seldom been motivated by the development or testing 
of general theory (but see e.g. Toljander et al., 2006; Fukami et al., 2010; 
Hiscox et al., 2015; O’Leary et al., 2018; Hagge et al., 2019a; O’Leary 
et al., 2021), more often by the key roles of fungi related to ecosystem 
functioning (e.g. Rajala et al., 2012; Valentín et al., 2014; Bradford et al., 
2014; van der Wal et al., 2015; Purahong et al., 2016; Hoppe et al., 
2016), or by conservation concerns (e.g. Küffer and Senn-Irlet, 2005; 
Müller et al., 2007; Stokland and Larsson, 2011; Abrego and Salcedo, 

Fig. 1. Conceptualization of how different ecological 
and evolutionary assembly processes interplay with 
each other to shape ecological communities at 
different scales. Ecological assembly processes refer 
to environmental filters (abiotic and habitat factors 
preventing or facilitating species colonization and 
persistence), biotic filters (intra- and interspecific in-
teractions), dispersal (movement and migration) and 
stochastic processes (divergence among initially 
identical communities occupying identical environ-
ments). Ecological processes may exert selective 
pressures causing local adaptation in the early phase 
of the evolutionary timeline, and ultimately specia-
tion. As a consequence of the evolutionary processes, 
individuals and species vary in their traits, which in 
turn affect ecological assembly processes. Ecological 
communities are conceptualized following the meta-
community framework, which is illustrated using 
wood-inhabiting fungal metacommunity systems: 
deadwood units delimit local fungal communities 
which are linked to other local communities by 
dispersal, forming spatially well-defined meta-
community systems. The arrows illustrate the spatial 

scale (patch, metacommunity, or collection of metacommunities) at which the different assembly processes operate.   
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2013; Nordén et al., 2013; Juutilainen et al., 2014; Saine et al., 2018). 
However, as both the role of fungi in ecosystem functioning as well as 
the causes behind their declines ultimately link to the mechanisms un-
derlying community assembly, the large body of literature on fungal 
community ecology already provides ample possibilities for linking to 
theory. As I will review below, processes related to environmental and 
biotic filtering have been long studied and are relatively well under-
stood, whereas the roles of stochasticity, dispersal and especially 
evolutionary assembly processes are still less understood. Furthermore, 
the link from species traits to community assembly processes is currently 
a hot topic and new knowledge is being generated fast. 

4.1. Environmental filtering 

Empirical studies on wood-inhabiting fungi have mostly proposed 
that the highly multidimensional variety of microhabitats that dead-
wood offers (e.g. wounds, rot holes, cavities, attached branches, roots, 
phloem, sapwood or heartwood) combined with the high specialization 
of wood-inhabiting fungi for such habitats is one of the main reasons 
behind the coexistence of the high diversity within deadwood units 
(Stokland et al., 2012). At the forest stand-level, the wood-inhabiting 
fungal diversity has been suggested to be maintained by the heteroge-
neity of deadwood in terms of variation in the sizes, decay stages and 
host tree species (Heilmann-Clausen and Christensen, 2004; Hottola 
et al., 2009; Bässler et al., 2010; Abrego and Salcedo, 2013; Olou et al., 
2019). This is largely because deadwood of different sizes, decay stages 
and tree species provide different physical-chemical characteristics 
which determine the occurrences of different wood-inhabiting fungal 
species (Juutilainen et al., 2017; Krah et al., 2018; Purahong et al., 2018; 
Leonhardt et al., 2019; Müller et al., 2020). Other local environmental 
factors that influence wood-inhabiting fungal communities are the 
microclimatic conditions (Bässler et al., 2010; Pouska et al., 2017) and 
deposited nitrogen levels (Allison et al., 2009; Andrew et al., 2018). At 
the larger scales, wood-inhabiting fungal communities strongly respond 
to environmental conditions such as macroclimate (Heilmann-Clausen 
et al., 2014; Abrego et al., 2017a; Thorn et al., 2018; Andrew et al., 
2018; Olou et al., 2019), forest connectivity (Nordén et al., 2013, 2018; 
Abrego et al., 2015; Ruete et al., 2017) and macrohabitat structure such 
as vegetation type (Ordynets et al., 2018). In other words, abiotic 
environmental filtering has been considered the most important process 
creating variation in wood-inhabiting fungal communities both at the 
local and the larger scales, and many studies have (explicitly or 
implicitly) viewed fungal metacommunities from species sorting 
perspective. 

4.2. Biotic filtering 

It is also relatively well established that variation in wood-inhabiting 
fungal communities is not only the result of environmental filtering, but 
also biotic filtering. Experimental studies have shown that competitive 
interactions for space and nutrients are the most common interaction 
types among wood-inhabiting fungi (Boddy, 2000; Hiscox et al., 2018). 
However, other interaction types such as mycoparasitism (Griffith and 
Barnett, 1967) or facilitation (growth stimulation through metabolite 
secretion, Heilmann-Clausen and Boddy, 2005) also occur among 
wood-inhabiting fungi. The interactive relationships among 
wood-inhabiting fungi strongly influence the colonization success of 
newly arriving species during deadwood’s decomposition process, i.e. 
the assembly history or priority effects are important in determining 
wood-inhabiting fungal community dynamics (Fukami et al., 2010; 
Ottosson et al., 2014; Hiscox et al., 2015; Norberg et al., 2019). 
Furthermore, the outcome of the species interactions depends on abiotic 
environmental conditions such as temperature (Hiscox et al., 2016) or 
the spatial arrangement of the deadwood resources (O’Leary et al., 
2018). The role of interspecific interactions has also been assessed by 
applying statistical methods that allow disentangling those species’ 

co-occurrences that can be explained by the environmental conditions, 
from those that cannot be explained by them (Ovaskainen et al., 2010, 
2016). These kinds of analyses are increasingly used to understand the 
role of biotic interactions in wood-inhabiting fungal communities, as 
those co-occurrences that cannot be explained by environmental varia-
tion can be hypothesized to result from interactive relationships (e.g. 
Ottosson et al., 2014; Norberg et al., 2019; Saine et al., 2020). While 
only experimental approaches can provide conclusive evidence on the 
interactions (Dormann et al., 2018), these statistical approaches provide 
a useful tool for hypothesizing about species interactions from 
non-manipulative observational data. 

4.3. Stochasticity and dispersal 

While the roles of environmental and biotic filtering have been much 
emphasized, at the same time it has remained difficult to predict which 
particular species are present in a particular deadwood unit (Abrego 
et al., 2017a,b; Norberg et al., 2019; Kolesidis et al., 2019). What is 
currently not very well understood is whether this is because it is diffi-
cult to accurately measure the relevant abiotic and biotic predictors, or 
whether other relevant underlying processes such as stochastic and 
dispersal processes have been unaccounted for. Several studies have 
indeed suggested that variation in wood-inhabiting fungal communities 
can relate also to dispersal (Norros et al., 2012, 2015; Abrego et al., 
2015) and stochastic processes (Baldrian et al., 2016; Abrego et al., 
2017b; Norberg et al., 2019; Hagge et al., 2019b). However, accurately 
quantifying the roles of stochastic and dispersal processes in community 
structure remains a challenge for any taxa, not only for fungi. 

4.4. Link from species traits to assembly processes 

Because ecological assembly processes are ultimately influenced by 
species (response) traits (McGill et al., 2006; Cadotte et al., 2015), there 
has been an increasing interest in understanding the link between 
wood-inhabiting fungal traits and species responses to environmental 
variation. However, compared to other taxa such as animals or plants, 
trait-based approaches are only emerging in fungal community ecology 
(Crowther et al., 2014; Aguilar-Trigueros et al., 2015; Nguyen et al., 
2016; Dawson et al., 2019; Zanne et al., 2020). Trait-based community 
ecology of wood-inhabiting fungi has mostly focused on traits measur-
able from the sexual structures (fruit bodies and spores) (Dawson et al., 
2019), but some studies have also carried out measurements to the 
vegetative structures (mycelia) (Lustenhouwer et al., 2020). Fruit body 
morphology has been found to be linked to the size (Bässler et al., 2014), 
decay stage (Abrego et al., 2017b) and species (Purhonen et al., 2020) of 
the deadwood resources. Generally, large deadwood units hold species 
with larger and more robust reproductive structures (i.e. species with 
perennial and pileate fruit bodies), which mostly occur in intermediately 
decayed deadwood (Bässler et al., 2014; Abrego et al., 2017b). Purhonen 
et al. (2020) found that species with perennial and pileate fruit bodies 
were also more often specialized to Norway spruce (Picea abies) than to 
other boreal host tree species. Dispersal traits characterizing the size and 
shape of sexual spores have also been linked to deadwood size: Species 
occurring on large deadwood units have large and spherical spores, 
whereas species occurring on small deadwood units have small and 
elongated spores (Purhonen et al., 2020). At larger spatial scales, 
wood-inhabiting fungi with perennial and pileate fruit bodies are 
especially vulnerable to forestry practices, likely due to their higher 
level of specialization to large deadwood units which have diminished 
due to forest land use (Nordén et al., 2013; Bässler et al., 2014; Abrego 
et al., 2017b). Smaller fungal spores can travel longer distances than 
larger spores (Norros et al., 2014), and thick-walled spores better sur-
vive under the harsh (UV-radiation and freezing) conditions character-
izing open areas (Norros et al., 2015). However, empirical studies have 
not provided conclusive evidence of whether spore morphology is linked 
to landscape characteristics (Nordén et al., 2013; Bässler et al., 2014; 
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Abrego et al., 2017b). In a time-series analysis of fungal fruit body data 
which also included wood-inhabiting fungi, Andrew et al. (2016) found 
that the species fruiting in warmer conditions produce smaller spores. 
Nutritional mode (whether species are ectomycorrhizal or saprotrophic) 
is linked to deadwood decay stage, deadwood in advanced decay stages 
holding larger proportions of ectomycorrhizal wood-inhabiting fungal 
species (Abrego et al., 2017b; Mäkipää et al., 2017). These and other 
links from traits to species occurrence patterns have been reported 
mainly at the correlative level, experimental validations of their causal 
effects remaining scarce. 

4.5. Phylogeographic assembly processes 

The historical processes influencing the current geographical distri-
butions of species such as speciation and past large-scale dispersal 
remain poorly understood for wood-inhabiting fungi. In a large-scale 
study, Ordynets et al. (2018) observed that aphylloporoid fungal com-
munity composition (composed mostly by wood-inhabiting species) 
poorly reflected the spatial configuration of post-glacial forest refugia, 
suggesting that historical dispersal barriers are not a strong determinant 
of the contemporary fungal distributions. Results from those trait-based 
studies that account for fungal phylogenetic constraints have observed 
high phylogenetic trait conservatism, namely that phylogenetically 
related species have similar traits and occur in similar environmental 
conditions (Bässler et al., 2014; Abrego et al., 2017b; Thorn et al., 2018; 
Hagge et al., 2019b). 

5. Future research directions for advancing both theory and 
empirical research in wood-inhabiting fungi 

As reviewed above, despite the great recent advances in research on 
wood-inhabiting fungal communities, the understanding on how their 
communities are assembled is still limited. In parallel, despite the great 
recent advances on the development of general and unifying conceptual 
frameworks for theoretical community ecology, the link between theo-
retical and empirical community ecology remains weak, largely because 
of many ecological communities not directly fitting to theoretical 
frameworks. I argue that wood-inhabiting fungal communities provide a 
yet largely unexplored model system that can greatly strengthen the link 
between theoretical and empirical community ecology: 

An attractive feature of wood-inhabiting fungal communities is that 
they can be framed not only within the ARF but also within MT, as single 
deadwood units (e.g. stumps, fallen logs or branches) can be viewed as 
“habitat patches” (Fig. 1). From a metacommunity perspective (sensu 
Leibold et al., 2004), fungal species inhabiting deadwood units can thus 
be conceptualized to represent local communities that are linked to 
other deadwood units by dispersal. This perspective was originally 
adopted by Jönsson (2008), who used a habitat-tracking meta-
population model to understand the colonization-extinction dynamics of 
wood-inhabiting fungi. Since then, the concept of patch-tracking met-
a-populations or -communities has been used to describe 
wood-inhabiting fungal communities in some studies (Halme et al., 
2013; Moor et al., 2021), but this conceptualization has not yet become 
widely used. As I argued above, one of the main challenges for 
advancing empirical community ecology is that the spatial boundaries of 
the habitat patches (and consequently local communities) are unknown 
for most ecological communities. The fact that wood-inhabiting fungal 
communities are organized in spatially well-defined metacommunities 
allows separation of the effects of local assembly processes (i.e. those 
working at the deadwood unit level) from larger-scale assembly pro-
cesses (e.g. Krah et al., 2018; Müller et al., 2020). 

There are other spatially well-defined metacommunity systems as 
well (e.g. dendritic networks, ponds, and island systems) which have 
previously been used to test and develop theory in community ecology 
(e.g. Brown and Swan, 2010; De Bie et al., 2012; Sakaeva et al., 2016). 
However, compared to these, wood-inhabiting metacommunity systems 

have the additional advantage that the habitat patches are movable and 
thus allow spatial manipulations (e.g. translocations of the entire local 
communities) over different environmental gradients. Furthermore, one 
may find a huge amount of deadwood units (habitat patches) varying in 
their characteristics of sizes and decay stages (e.g. Halme et al., 2019), 
allowing replication of the experiments for habitat patches of different 
spatial and also temporal characteristics (Fukuwasa and Matsukura, 
2021). Importantly, this characteristic allows replication of the experi-
ments as much as needed. Replicability is thus one of the most important 
characteristics of fungal metacommunities to conclusively test hypoth-
eses in community ecology. 

Wood-inhabiting fungal communities are species rich, allowing 
either selection of a small number of species for intensive experiments, 
or alternatively to investigate the dynamics of entire species-rich met-
acommunity systems. While all wood-inhabiting fungi do not necessarily 
fruit and hence comprehensively surveying them from fruit body ob-
servations is not possible (Boddy 2001; Ovaskainen et al., 2013), 
DNA-based approaches have revolutionized the possibility of surveying 
fungal communities (Lindahl et al., 2013). However, DNA-based fungal 
species identification may involve high levels of uncertainty (Nguyen 
et al., 2015; Abarenkov et al., 2018; Palmer et al., 2018; Nilsson et al., 
2019). The species composition of local communities can be manipu-
lated by inoculating fungal species into hosts (Abrego et al., 2016), 
which brings the possibility of in situ testing hypotheses about biotic 
interactions, such as colonization-extinction tradeoffs, 
competition-colonization tradeoffs, or priority effects. Recently, Lus-
tenhouwer et al. (2020) isolated over 1500 wood-decaying fungal spe-
cies to make measurements of their vegetative structures in the 
laboratory, further demonstrating the feasibility of bringing trait-based 
perspectives and measuring the growth rates of these species-rich met-
acommunities under (controlled) laboratory conditions. A still largely 
unexplored methodology that brings great promise to investigate fungal 
interactions and functional traits is given by the fast evolving omics 
approaches (Baldrian and López-Mondéjar, 2014; Silva 2016). Both 
laboratory experiments (Hussein et al., 2013; Norros et al., 2015) and 
aerial spore sampling (Abrego et al., 2018) can be used to bring mech-
anistic understanding of the role of dispersal in wood-inhabiting fungal 
communities. There are also other taxonomic groups inhabiting dead-
wood (e.g. saproxylic bacteria, arthropods, bryophytes and nematodes), 
which if investigated simultaneously with fungi, offer the opportunity of 
generalizing the results across taxa (e.g. Heilmann-Clausen et al., 2014; 
Hagge et al., 2019b; Müller et al., 2020) or investigating food-web dy-
namics (Odriozola et al., 2021). Lastly, as quantitative phylogenies 
(Naranjo-Ortiz and Gabaldón, 2019), trait databases (Põlme et al., 2020) 
and large-scale fungal distribution databases are becoming increasingly 
available (Větrovský et al., 2020), new horizons for investigating phy-
logeographic processes in wood-inhabiting fungal communities are also 
emerging. 

6. Conclusions 

I conclude that wood-inhabiting fungal metacommunity systems 
offer highly suitable models for addressing still unresolved topical 
questions in community ecology. The four main advantages of using 
wood-inhabiting fungi as a model system for community ecology are 
that: (1) they are organized in spatially well-defined metacommunity 
systems; (2) they form species-rich communities which can be compre-
hensively surveyed with DNA-based methods and which can be isolated 
for trait measurements in the laboratory; (3) they allow experimental 
setups including spatial manipulation and manipulation of the local 
communities; and (4) previous research on wood-inhabiting fungal 
communities has shown that different assembly processes influence 
their communities, providing an excellent baseline for the future 
research. 
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FungalTraits: a user-friendly traits database of fungi and fungus-like stramenopiles. 
Fungal Divers. 105, 1–16. 
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