Wood-inhabiting Fungi as Indicators of Nature Value in
European Beech Forests

M. Christensen’, J. Heilmann-Clausen’, R. Walleyn? and S. Adamcik®

'The Royal Veterinary and Agricultural University, Denmark
nstitute for Forestry and Game Management, Belgium
*Institute of Botany, Slovak Academy of Sciences, Slovakia

Abstract

Wood-inhabiting fungi represent a highly species rich and ecologically important organism
group in natural forest. Due to exploitation of forest resources most wood-inhabiting organisms
have declined in Europe, and many specialised species are severely threatened on the continental
scale. This paper presents a set of 21 fungal indicator species assumed to be usable in
conservation priorities in European beech (Fagus sylvatica) forests. To support the proposed
indicators information on fungal species diversity from 106 beech forest reserves in Europe is
analysed. The presence of the indicator species is compared to the actual amount of dead wood
per hectare in a subset of the sites, and it is shown that the presence of indicator species is only
weakly related to the amounts of dead wood. Accordingly, it is suggested that the fungal
indicator species can add valuable information relevant for prioritisation in forest conservation.
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Introduction

Beech dominated forest ecosystems are among the most important natural habitats in Central
and Western Europe and among the most exploited forests of the world. Cutting of wood for
timber and firewood has been intensive for several centuries and remnants of virgin forest are
only found in remote mountain areas. In last decades several European countries have taken
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initiatives to designate new forest reserves in order to protect biodiversity. An evaluation of
the effects of these initiatives is important.

Forests are complex ecosystems and several habitat factors influence the actual species
diversity. A number of more or less distinct forest habitats of importance for biodiversity can
be separated, e.g. the forest floor and its humus layers, the bark of living trees as well as
decaying wood. Within each habitat type different factors influence the community structure
and its species diversity. Dead wood is a special habitat in this context as its abundance
differs considerably between natural and managed forests. Rich communities of wood-
inhabiting organisms are expected only in sites with considerable amount of dead wood.

Habitat presence is, however, not the only factor determining the species diversity of wood-
inhabiting organisms. The overall climatic regime is an important factor influencing the
regional species pool, but also spatial and temporal aspects are highly important. In the
European beech forest zone, the long history of forest fragmentation has led to the formation
of highly complex and dynamic “forest archipelagos™ in a matrix of farmland, plantations and
urban areas. Island biogeography predicts large forests with unbroken continuity to host most
of the original forest species pool, especially if situated close to the core area of the habitat.
Forest continuity can be defined at several levels, e.g. as dead wood continuity, forest stand
continuity, shade continuity or as continuity in the presence of ancient trees (e.g. Nilsson et al.
1995). Remnants of virgin forests embody continuity in all three aspects, while human
exploited forests may represent various levels of continuity in each aspect. Further, the scale
in time and space is important. For species with a limited dispersal potential, continuity at the
very local scale may be crucial. On the other hand, species with good dispersal ability, but an
association with temporal habitats may require continuity at a larger scale to survive, even
though local stand continuity is of limited importance.

Due to the complexity of forest ecosystems it is broadly accepted that means to reduce
complexity are necessary to make conservation biology practicable. The use of indicators is
one widely accepted way of achieving this reduction of complexity. A variety of indicators
has been suggested for habitat quality in European forests. These can be grossly separated in
to structural indicators and indicator species. Typical structural indicators used to describe the
conditions for forest biodiversity include, vertical structure, age class distribution and the
amount of dead wood. Structural indicators, however, represent an indirect approach as they
show, typically on a rather gross scale, how the house is built, but give no information on
whether the inhabitants have moved in. Structural indicators are vague in describing
important but subtle habitat qualities, e.g. forest climate and to account for the role of forest
continuity on its various levels and scales. In contrast, monitoring of indicator species
represent a more direct measurement of at least a selected fraction of the realised biodiversity.

With their dependency on old trees and dead wood, wood-inhabiting fungi are potentially
suitable as indicators for dead wood associated biodiversity in general. In Fennoscandian
boreal forest fungal indicator species have already been used in conservation prioritisation
(Kotiranta and Niemeld 1996; Bredesen et al. 1997; Hansson 2000; Nitare 2000), and even
for Corsican pine forests an indicator system has been suggested (Norstedt et al. 2001). In the
nemoral zone attempts to use fungal species as indicators of forest habitat quality have been
more sparse. Heilmann-Clausen and Christensen (2000) published a list of 42 fungal species
suggested to be indicative for beech forest of high conservation value in Denmark. Since the
proposal, information from more than 100 sites in Denmark has been used to evaluate the list.
The system has later been evaluated and adapted in Belgium and The Netherlands (Walleyn
and Vandekerkhove 2003; Veerkamp 2003) and used as a case on evaluation of selection
strategies for forest reserves in Denmark (Strange et al. 2004).
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Selecting indicators

The development of indicator systems has several phases. The first phase should include a
normative evaluation of the conservation baseline, focussing either on species diversity,
ecosystem health, biotic integrity or other concepts (e.g. Caro and O’Doherty 1999). The
second phase typically involves a simple proposal of a list of indicators, e.g. species, which
by experts are expected to be good indicators following the chosen baseline. The third phase
involves evaluation and testing of the ability of each indicator to point to the conservation
baseline, resulting in the fourth step in a revised list of suitable indicators.

Evaluation of the present set of indicator species

In the present case we have followed the biotic integrity baseline (e.g. Goldstein 1999), since
we find this to be the only one adequate for conservation efforts in natural forest habitats.
Biotic integrity emphasizes the composition of biotic communities and their relation to the
natural history of their habitats. The focus is on protection and restoration of natural habitat
conditions which are typical for a region, rather than on improving regional biodiversity, e.g.
species diversity, which may actually increase in degraded landscapes, where exotics, often
with a global distribution, may replace native species with a long local history. The proposal
of 42 species suggested as indicative of habitat quality in Danish beech forest (Heilmann-
Clausen and Christensen 2000) qualify as the second phase. The selection of indicator species
in this was done ad hoc based on a combination of factual ecological knowledge with field
experience and intuition. At present we are in the third, evaluating step in which we aim on
testing the actual indicator value of the suggested species.

Of the species proposed on the first indicator list, several have appeared to be more
common in other parts of Europe or to have less strict habitat requirements than expected. In
addition some of the suggested species were too difficult to identify, had short sporulation
periods or were very difficult to find. We therefore formulated more strict criteria in the
evaluation of the species potential indicator value. Following these, all potential indicator
species should be strictly wood-inhabiting, and showing a clear preference for old-grown
living or death trees. Hence, potential indicators should either be heart-rot agents or late stage
successor species confined to large diameter death wood. In addition to these ecological
criteria we found it important also to take practical considerations in to account. Thus
potential indicators should produce easily assessable sporocarps of large size or cover and
have a long and stable fructification period. Further, sporocarps should posses clear and
stable macroscopical characters allowing easy determination in the field.

Besides this soft evaluation procedure we are making progress in a statistical testing
procedure in which we aim to test a) whether the suggested indicator species really point to
sites showing a high degree of biotic integrity and b) if the suggested indicators are more
precise than obvious structural indicators, i.e. death wood amounts and quality. We have
collected species lists of wood-inhabiting fungi from 106 natural or semi-natural beech
forests in Sweden, Denmark, The Netherlands, Belgium, United Kingdom, Germany, France,
Poland, Czech Republic, Slovakia, Hungary and Slovenia (Figure 1), which we are using in
the testing procedure. These lists are based on a combination of published data (Blaschke
2003, Dickson and Leonard 1996, Hocevar et al. 1995, Kuthan et al. 1999, Kost and Haas
1989, Nuss 1999), own observations, and information from several mycologists from
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Figure 1. Map showing the sites included in the analysis

different parts of Europe (see acknowledgements). Only information on selected groups of
macrofungi has been collected. Within the basidiomycetes all morphological groups,
excluding fully resupinate corticoid fungi, are covered, while non-stromatic pyrenomycetes
and inoperculate discomycetes with sporocatps regularly smaller than 10 mm were not taken
in to consideration within the ascomycetes. The complete list contains more than 350 species
recorded on beech wood in at least one of the sites.

Proposed list of indicators for European beech forest

Based on a preliminary evaluation of the collected material we here present a revised list of
21 species including 17 species from the Danish list (Heilmann-Clausen and Christensen
2000) and four new species (Ceriporiopsis pannocincta, Lentinellus ursinus, Mycoacia
nothofagi, Pholiota squarrosoides). Table 1 shows the list and the ten most valuable
European sites according to the suggested system.



Figure 2. The virgin forest of Rozok in Eastern Slovakia is among the most valuable sites for fungi
connected to dead beech wood.

Amount of dead wood versus indicator presence

Structural indicators are often easy to monitor and understand for foresters or technical staff,
which traditionally perform forest monitoring. Accordingly, they are easy to include in
existing monitoring programmes.

Monitoring of indicator species typically require some level of specific knowledge and
does require extra training of the monitoring team. The professional use of indicator species
rather than structural indicators can be justified if they represent either a faster monitoring
procedure or if they yield more relevant and precise information.

As an attempt to answer the latter question we have compared the presence of the suggested
indicator species with information on the amounts of dead wood for 25 forest reserves
(Christensen and Hahn 2003). This comparison clearly shows that a rich presence of fungal
indicator species is related to other factors than dead wood amounts alone. (Figure 3), but it
is still to early to tell whether these “other factors” relate to forest continuity or other aspects
of biotic integrity.

Continuity and spatial aspects

The use of fungi as indicators of ecological continuity has recently been seriously questioned
(Nordén and Appelquist 2001; Rolstad et al. 2002), based on the obvious potential of fungi















