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CHAPTER 4. THE ECOLOGY AND DIVERSITY OF 

MACROFUNGI ON DEAD WOOD AND STANDING TREES WITH 

SPECIAL REFERENCE TO COARSE WOODY DEBRIS 

 

This chapter investigates the macrofungal assemblages associated with dead (coarse 

woody debris CWD, other dead wood ODW and stags) and standing trees and shrubs 

(any woody stem with green leaf canopy and with roots still in the soil). Particular 

reference is given to the saproxylic macrofungi on CWD and the resulting 

relationships with the length, diameter and decay class of the CWD. Comparisons are 

made between those macrofungal assemblages found on CWD to those found on 

ODW to establish the importance of both these substrates in the maintenance of these 

assemblages. The methods and analyses described in this chapter are those used also 

for the macrofungal assemblages on soil (Chapter 6), on litter (Chapter 7), and on all 

substrates combined (Chapter 8). Any minor deviation from the usual methods that is 

specific to a substrate is described in the relevant chapter. 

 

Introduction 

Wood is a heterogeneous substrate differing in size, species, state of decay and 

moisture content providing many niches for wood-inhabiting fungi with differing 

ecology. 

 

Macrofungal assemblages on standing trees 

The fruit bodies of large macrofungi fruiting on standing trees, e.g. Phellinus spp., 

Ganoderma spp., Fomes spp., Laetiporus spp., Postia spp. and Ryvardenia spp., are 

the sporulating stages of wood-inhabiting fungi that have entered the tree either via 

the root system or from an above-ground decay entry point caused by branch 

breakage, fire scars or damage by birds, wood-boring insects and larger animals 

(Simpson 1996). However, it is suspected that some Northern Hemisphere species, 

e.g. Fomes fomentarius and Inonotus nodulosus, may be latently present in functional 

sapwood (Boddy and Heilmann-Clausen 2008). In mature trees, the wood is divided 

into the dead inner heartwood and the outer living sapwood (Hood 2003). Heartwood 

contains many anti-fungal extractives such as tannins which can resist fungal decay. 

Different tree species even within a genus can have different quantities and types of 
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decay resistant compounds (Rudman 1964). Heartwood rotters invade the living tree 

and can decay the heartwood with the tree remaining alive for many years, resulting 

in a hollow tree having many ecological implications for birds and animals. Heart rot 

fungi are generally not parasitic and therefore do not directly affect the health of the 

tree, unlike parasitic wood-inhabiting macrofungi such as Armillaria spp. (Hood 

2003). Living sapwood is very wet with a high moisture content that forces the 

oxygen out of the wood cells making it unavailable to most wood-inhabiting fungi 

(Rayner and Boddy 1988, Hood 2003), although there are exceptions (e.g. 

Chondrostereum purpureum causes sapwood rot (Gadgil and Bawden 1981)). 

Although wood decay in living trees has been extensively studied in the Northern 

Hemisphere (Käärik 1974, Kirk and Cowling 1984, Rayner and Boddy 1988, 

Schwarze et al. 2000) the succession of these invaders of living trees is very difficult 

to follow. However, it can be established in laboratory situations by chemical tests 

whether an isolated wood-inhabiting fungus decays the celluloses and hemicelluloses 

(commonly known as a brown rot fungus) or also decays lignin (known as a white rot 

fungus). Most studies on wood decay are concerned with the biochemical and 

structural pathways of the decay process, with a few (Cooke and Rayner 1984, 

Rayner and Boddy 1988, Boddy 2001) considering the ecology of the fungi 

responsible for the decay.  

 

When trees dies and moisture levels decline, fungal invasion can proceed (Rayner and 

Boddy 1988). Very few studies have investigated the succession of fungal decay 

between living trees as they age and become old trees, die and then fall to the ground 

and assume another ecological role as CWD. A recent study in a wet E. obliqua forest 

in southern Tasmania (Hopkins 2007) found different fungal assemblages in the 

E. obliqua trees of age 150 years to those found in younger trees of ages 69 and 105 

years. Furthermore, it was found that the fungal assemblages isolated from CWD 

from a mature forest were very different to those in CWD from a regenerating forest 

(20-30 years) after harvesting (Hopkins 2007). Although Packham et al. (2002) 

discerned differences in macrofungal assemblages (which included bracket fungi) 

between mature and young regenerating forests (25-30 years), no special attention 

was given to the substrate on which these macrofungi were found. The current study 

provides information from standing trees to dead standing wood (stags) to fallen dead 

wood (CWD). This information can be interpreted ecologically in the succession of 
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tree ageing to assess the role of old forests and old trees in maintaining macrofungal 

diversity.  

 

Macrofungal assemblages on dead wood 

The fruit bodies are the most obvious sign of wood-decomposing fungi. It has been 

shown that these fruit bodies can export nutrients (Ca, Fe, K, Mn, N, P, Zn) from the 

wood that are returned to the forest floor by insects and grazing animals ingesting the 

fruit body, or by the senescence of the fruit body, which, for most fungal species 

takes only a few days to several weeks (Vogt et al. 1981, Harmon et al. 1994, 

Buchanan et al. 2001).  

 

Forestry managers and conservationists alike are realising that dead decaying wood is 

an important source of attendant biodiversity and an integral part of the recycling of 

carbon and other elements. The diversity of wood-inhabiting fungi in boreal forests 

was shown to be altered by forestry management practices (Bader et al. 1995, 

Høiland and Bendiksen 1996, Sippola et al. 2001). Concerns regarding using CWD 

and logging slash in biofueled industries (e.g. pulp mills, wood veneer plants) and the 

effects on saproxylic macrofungal diversity as well as the loss of habitat due to large-

scale harvesting of native forests have activated a proliferation of ecologically based 

studies. Some of these have addressed the role of macrofungi and wood decay in the 

environment (e.g. Swift 1977, 1982, Boddy and Rayner 1983, Harmon et al. 1986). 

Others consider issues of conservation and sustainable forestry especially in the 

Fennoscandian countries which have a long history of intensive forestry and where 

little native habitat remains, e.g. Lindblad (1997), Heilmann-Clausen (2005), 

Heilmann-Clausen and Christensen (2003, 2004, 2005), Küffer and Senn-Irlet 

(2005b), Stokland and Kauserud (2004), Niemalä et al. (2002). In spite of the 

increasing number of studies on wood-inhabiting fungi, the diversity of these fungi is 

still a neglected part of biodiversity relative to other organisms (Lonsdale et al. 2008). 

 

The interaction between invertebrates and wood-inhabiting macrofungal fruit bodies, 

in particular polypores, is an area increasingly under investigation (e.g. Anderson 

2001, Jonsell and Nordlander 2002, Müller et al. 2002, Stokland and Kauserud 2004, 

Bashford 2008, in press). In the Northern Hemisphere, polypore species are often a 

focal point of studies on biodiversity and the effect of forestry management. There are 
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many species that are considered to be indicators of old growth forest and important 

for the persistence of specialist insects (Komonen 2001). These species have been 

‘red-listed’ in consequence of their rarity, their threatened status and their 

associations with other red-listed organisms, such as saproxylic beetles and 

hoverflies. The fruit body itself provides specialised niches for specific organisms so 

that a species may only be found on a particular part of the fruit body. As the fruit 

body ages so do the insect assemblages (Pavoir-Smith 1960). In eastern Canada, 257 

species of arthropods (including mites) were recorded from a study of insects 

associated with Polyporus betulinus (Pielou and Verma 1968). From a study in 

Quebec involving fruit bodies of Fomes fomentarius, one species of mollusc and 

more than 152 species of arthropods (excluding mites) were recorded (Matthewman 

and Pielou 1971). In Finland, the fleshy fruit bodies of wood-rotting agarics such as 

Armillaria and Pleurotus species also provide a wide range of habitats for 

fungivorous adult and larval coleopterans (Schigel 2007). 

 

The initiation of red-listed species in Europe (thirty one ‘Fungal red lists’ or ‘Red 

(Rarity, endangerment and distribution) data books’) (Perini et al. 2008) and the 

United States of America has meant that there are now focal points pertaining to 

threatened and endangered wood-inhabiting macrofungal species in ecological 

studies. These lists are considered important tools for the conservation of threatened 

species (Berg et al. 1994).  

 

In Australia, research specifically on wood decay has been instigated historically by 

the economic importance of timber (Simpson 1996). These studies are concerned with 

pathological effects, as well as the reduction in timber quality (see Refshauge 1938, 

Parkin 1942, Da Costa et al. 1957, Rudman 1964, Da Costa 1979). Studies of a 

taxonomic and ecological nature have been sporadic since European colonisation of 

the continent (Bougher and Syme 1998) and some of those pioneer works resulted in 

many misnamed fungal species as researchers tried to identify species on the basis of 

knowledge from the Northern Hemisphere. There are no ‘Red data lists’, which 

means that there are no focal species to aid in conservation and management 

protocols. There is one wood-inhabiting fungus in the whole of Australia, 

Hypocreopsis amplectens, that has been considered ‘vulnerable’ and formally listed 

under the Victorian Flora and Fauna Guarantee Act 1988 (Johnston et al. 2007). 
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Macrofungi and CWD attributes 

Many overseas studies in boreal forests have linked stage of wood decay and 

diameter of wood to frequency and diversity of saproxylic fungi (Niemelä et al. 1995, 

Renvall 1995, Høiland and Bendiksen 1996, Edmonds and Lebo 1998, Nordén et al. 

2004, Takahashi and Kagaya 2005). However, in a temperate beech (Nothofagus 

solandri var. cliffortioides) forest in New Zealand, the number of fungal taxa on 

wood increased significantly with log volume, and was related to calcium and 

magnesium concentration coefficients of variation particularly in autumn (Allen et al. 

2000) rather than intermediate (Niemelä et al. 1995, Bader et al. 1995) or advanced 

(Renvall 1995) stages of log decay. Nonetheless, Allen et al. (2000) concluded that a 

complex mixture of wood at different stages of decay is necessary to maintain natural 

diversity of saproxylic fungi. The fact that species richness peaked on wood in 

intermediate stages of decay was regarded as a reflection of the number of niches 

available for saproxylic macrofungi (Heilmann-Clausen 2005). Other studies have 

found that the species of wood affects diversity of wood-inhabiting fungi, especially 

corticioids (Jung 1987, Hood et al. 2004, Nakasone 1993, Küffer and Senn-Irlet 

2005a). Heilmann-Clausen and Christensen (2004) found that smaller trees and 

branches that form more pieces of CWD are more species dense and support higher 

numbers of species per unit volume than large logs. They attribute this to the large 

surface area per unit volume of smaller pieces of CWD. Similarly, Kruys and Jonsson 

(1999) found that with relatively small amounts of woody debris the available total 

surface area seemed to outweigh the importance of log size. 

 

Macrofungal communities on wood are highly dynamic assemblages that change 

continuously in space and time (Renvall 1995). Investigations on the spatial and 

temporal patterns of these macrofungi on fallen decaying wood in native forests are 

few, with most studies being carried out, at least partially, under unnatural conditions 

(Renvall 1995). The diversification of community structure of wood-inhabiting fungi 

increases with increased wood decay (Heilmann-Clausen 2001). Community 

development of macrofungal species is initiated by the death of the tree, leading to 

the activation of latent invaders and the new establishment of unspecialised 

opportunists (Rayner and Webber 1984 fide Heilmann-Clausen 2001). As decay 

proceeds, competition is generally intensified, leading to a community dominated by 
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highly combative, cord-forming species or stress-tolerant fungi or, in the absence of 

stress, increasing substrate modification leading to a community dominated by more 

or less combative late stage specialists (Rayner and Webber 1984 fide Heilmann-

Clausen 2001). Community development is stimulated or inhibited by environmental 

factors, for example, the same fungal species inhabited CWD of a different size or 

decay class under different temperature and moisture conditions in a study by 

Takahashi and Kagaya (2005), and succession was different on different tree species 

(Gricius et al. 1999). 

 

CWD, rot and fungal studies in Tasmania 

The establishment of the Warra LTER site to examine the ecology of E. obliqua has 

resulted in a number of studies looking at decay and wood rot types of CWD in the 

southern Tasmanian wet sclerophyll E. obliqua dominated forests (Stamm 2006, 

Hopkins 2007). Other studies have investigated the interaction between wood-

inhabiting fungi and invertebrates (Yee 2005, Harrison 2008), and a long-term log 

decay study is still in process (Grove and Bashford 2005, Grove 2006). The current 

study will make a contribution to the knowledge on the ecology and diversity of 

saproxylic macrofungi in this eucalypt forest ecosystem and also add to the few 

studies available in the biodiversity literature that explore spatial and temporal 

patterns of mycodiversity (Huhndorf et al. 2004). 

 

The aims of this chapter are: 

 to compare the richness and diversity of macrofungal assemblages associated 

with CWD, ODW, stags and standing trees. 

 to determine the relationships between macrofungal assemblages and 

attributes of CWD. 

 to evaluate the influence of season and the vascular plant community on the 

macrofungal assemblages found on CWD and ODW. 

 

The questions are: 

 Does the richness and diversity of macrofungal assemblages associated with 

CWD, ODW, stags and standing trees vary among the plots of the wildfire 

chronosequence? 
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 Is there a relationship between CWD volume of each wildfire chronosequence 

plot and species richness of wood-inhabiting fungi? 

 Is there a relationship between decay stage of CWD and species richness of 

wood-inhabiting fungi? 

 Is there a relationship between size (length and diameter) of CWD and species 

richness of wood-inhabiting fungi? 

 Does season and does the vascular plant community affect the macrofungal 

assemblages supported by CWD? 

 

Methodology and analyses 

Survey and laboratory methods  

Macrofungi are distinguished by having fruiting structures visible to the naked eye 

(Lodge et al. 2004). Often, only the largest or most conspicuous species are collected, 

especially with regard to wood-inhabiting corticioid and polyporoid fungi (Lindner et 

al. 2006). All types of macrofungi seen on all substrates, i.e. dead wood, standing 

trees, soil and litter, were recorded in this study. These included the Ascomycota and 

the gilled and non-gilled Basidiomycota (polyporoid, clavarioid, hydnoid, stereoid, 

and corticioid encompassing thin, filmy or crustose species).  

 

Site characteristics are described in Chapter 2. The survey protocol involved 30 visits 

at approximately fortnightly intervals to each plot to list the macrofungi present on 

each substrate. The substrates were surveyed using presence-absence (as by Ferris et 

al. 2000 and Nordén et al. 2004) for fruit bodies of macrofungi at fortnightly intervals 

for 14 months from May 2006-July 2007. Substrates of woody origin were 

categorised as CWD, ODW, stags and standing trees. All substrates were surveyed in 

each plot at the 10x10m subplot level to facilitate the procedure. Each of 25 subplots 

of each of the four plots was traversed 5 times where possible to emulate a transect 

2m wide to ensure that the whole subplot was completely surveyed. There were 

instances where this procedure could not be strictly adhered to due to very large 

pieces of CWD making access difficult. Within each subplot, the same route of least 

resistance was followed each visit for safety considerations and it also helped avoid 

spatial disorientation. All visible fruit bodies of macrofungi found on any substrate 

were recorded, a record being defined as the presence of a species on a piece of CWD 
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or on another substrate (such as ODW, litter, a stag, etc.). Thus, observations of the 

same species within a subplot on different pieces of CWD or on different substrates 

were counted as separate records. The observations were recorded as formally named 

species or as ‘tag names’. The use of tag names is very common in survey work in 

Australia as most species of macrofungi are still to be described.  

 

Those species that were new to the author were described from fresh material with 

written descriptions (colour followed Kornerup and Wanscher 1978), photographs, 

drawings and micrographs of microscopic features (Figure 4.1). Fruit bodies of all 

species were dried for 24 hours in a Sunbeam© food dehydrator to provide voucher 

collections which will eventually be deposited in the Tasmanian Herbarium (HO). 

Large fruit bodies were sliced to facilitate the drying process. 

 

In the laboratory, fungal cultures were obtained from small, excised pieces of the cap 

or the stipe of the fresh fruit bodies of wood-inhabiting fungi. These pieces of fungal 

tissue were surface sterilized in an 5% aqueous solution of domestic White King© 

laundry bleach (available chlorine 4.0% m/v) for 1.5 minutes and washed in sterile, 

deionised water then plated out on plates of MEA (malt extract agar) (18g malt, 20g 

agar, 1000ml deionised H2O, autoclaved for 30 minutes at 121psi) and MAT (malt 

extract agar autoclaved and cooled to 60°C to which a 30ml solution of sterile water 

containing 50mg Penicillin G potassium salt, 50mg Streptomycin sulphate, 25mg of 

Polymyxin B sulphate and 1ml of thiabendazole solution (made by dissolving 23g per 

100ml of lactic acid) was added) and incubated in the dark at 20°C. MAT is a 

selective agar for slow-growing basidiomycetous fungi. In some instances, pieces of 

tramal fungal tissue from the stipe or pileus were aseptically removed and plated out 

on MEA and MAT without surface sterilizing. Spore prints were obtained by 

suspending the tissue over a glass slide or by attaching (with petroleum jelly) a piece 

of the fruit body, hymenium facing down towards the agar (MEA), to the top of a 

Petri dish. A drop of sterile water was added to the spore print on the slide and the 

resulting spore suspension was streaked out on an MEA agar plate. Colonies from 

single spores can be obtained using the spore print methods. Mycelial growth 

macroscopically considered to be that of a basidium- or ascus-forming fungus (i.e. it 

was usually slow growing) was subcultured on to a plate of MEA. These cultures 

were photographed and macroscopically described according to Stalpers (1978) and 
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Nobles (1948) and finally stored on MEA slopes, on slopes under paraffin oil and as 

5mm diameter discs in sterile water. Small pieces (ca. 3x3mm) of fruit bodies of all 

species of macrofungi collected from all substrates were stored in 1.5ml centrifuge 

tubes and frozen at -80ºC for future DNA extraction studies. A small amount of each 

culture obtained from a wood-inhabiting fungus was also stored in 0.5ml centrifuge 

tubes and frozen at -80ºC for future DNA extraction studies. 

 

All microscopic work was done with an Olympus© BH microscope. Fresh and dried 

fungal tissue sections were mounted in each of water, 1% phloxine, 10% NH4OH, 3% 

KOH, Cotton blue in lactic acid, Melzer’s solution and ammoniacal Congo red stain 

(see Hawksworth et al. 1985, Lillie 1997).  

 

 
 

   
Fig. 4.1. Examples of the procedures used to describe unknown species of agarics 

(top row) and resupinate macrofungi (bottom row). 

 

Species nomenclature 

The taxonomy of Australian fungi is poorly known with only 5-10% species actually 

named and perhaps a further 10% known but not named (Bougher and Syme 1998). 

Valid names of the species belonging to the Basidiomycota were taken from May and 
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Wood (1997), May et al. (2002) or the interactive updated list of fungi on the website 

of the Royal Botanic Gardens Melbourne (viewed 2006-2009). There is no Australian 

catalogue to the Australian Ascomycota so the names used in this thesis are based on 

those in current use by Australian authors or obtained from websites including Index 

Fungorum (viewed 2006-2009) and New Zealand Landcare Research (viewed 2006-

2009). The majority of the ‘tag species’ were confidently assigned to genus level with 

very few being unable to be identified beyond family status. Rot types were as in 

Marks et al. (1982) and Rajchenberg (2006). Life modes (i.e. ectomycorrhizal or 

decomposer) were determined using Trappe (1962), Warcup (1980), Bougher (1995), 

Bougher and Syme (1998) and Hood (2003). 

 

Statistical methods 

As each plot was divided into 25 10x10m subplots (Figure 2.3) and an independent 

macrofungal list prepared for each subplot, the resulting database is 3-dimensional, 

the first dimension consisting of 849 rows, one for each macrofungal species found 

during the study, the second dimension having 30 columns representing the visits, 

and the third dimension representing the 25 subplots. Data were entered in the cells of 

this 3-dimensional array as presence/absence, coded as ‘1’ if the macrofungal species 

was present during a visit to a particular subplot, or as ‘0’ if it was absent. The twelfth 

visit to 1898/1934, which did not take place, was coded as missing for each of its 

subplots. The ordination methods MDS, PCOA and CAP, which are discussed below, 

are typical of multivariate statistical procedures, all of which operate on a 2-

dimensional matrix consisting of rows and columns. This required reducing the 3-

dimensional database to two dimensions, achieved either by (1) collapsing the 

database into a ‘species by visits’ matrix in which a species is recorded as either 

present or absent during a visit, ignoring the subplot or subplots in which it was 

found, or by (2) collapsing the database into a ‘species by subplots’ matrix in which a 

species is recorded as either present or absent in each subplot, ignoring the visit or 

visits during which it was found. These two choices for reducing the database to two-

dimensional form lead to different statistical results, both of which are valid but 

which may answer different questions. In this chapter, and in Chapters 6-8, where 

these ordination procedures were extensively employed, the two alternatives will be 

clearly distinguished. The first alternative will usually be labelled as ‘using visits’ or 
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‘with visits as replication’, and the second alternative will generally be labelled as 

‘using subplots’ or ‘with increasing area’ or ‘increasing number of subplots’. 

 

In this thesis, ‘species richness’ was taken to mean the number of macrofungal 

species, whereas macrofungal assemblages were the combination of the individual 

species on a substrate in space and/or time. These assemblages were examined on six 

substrates at different levels as follows: 

 at the individual substrate level of CWD, ODW, stags, and standing trees, 

 at a combined level of wood; the four woody substrates were combined into a 

single category of wood. 

Statistical analyses for the CWD and macrofungi were performed on the total number 

of composite pieces of CWD from all four 50x50m plots, and on each plot separately. 

The estimator used in all analyses of species accumulation was the Mao-Tau 

estimator, computed using EstimateS (Colwell 2005). The Mao-Tau estimator is a 

theoretical estimator for ‘sample-based rarefaction’ (see Colwell et al. 2004) that 

effectively removes seasonality and random variation among visits, producing a 

smooth species accumulation curve for the observed data, charting the effect of 

repeated visits or when the subplots are chosen in random order. Although calculated 

theoretically, the resulting curves may justifiably be referred to as randomised species 

accumulation curves. 

 

Multiple linear regression analyses with forward and backward elimination 

procedures were used to detect the effect of CWD attributes (see Chapter 3), i.e. 

decay class, length, diameter, bryophyte cover as well as the derived attributes of 

volume and surface area, on species richness. Bar graphs, including stacked bar 

graphs, were used to depict frequency of species with attributes of CWD. Three-

dimensional column graphs were used to display the relationship between the average 

number of macrofungal species and decay class and length, and between the average 

number of macrofungal species and decay class and surface area. For these graphs, 

the pieces of CWD were divided into three decay classes (low ≤2.5; medium 2.6-3.5; 

high >3.5), three lengths (short ≤2.5m; medium 2.6-5m; long >5m), and three surface 

area classes (small ≤1.5m2; medium 1.6-3.5m2; large >3.5m2). The average number of 

macrofungal species was determined as the average of the numbers of species on the 
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pieces of CWD that jointly fell in a decay class/length class combination or in a decay 

class/surface area class combination. Combined clustered bar and line graphs were 

used to examine the relationship between rainfall and temperature and macrofungal 

species within each plot and on all species combined on each substrate. For each 

month, the daily maximum temperatures from Bureau of Meteorology records from 

their Warra station were averaged for the survey period. A similar procedure was 

used for average monthly rainfall, except that the daily rainfall figures that were 

averaged started 7 days prior to the start of the month, and ended 7 days before the 

end of the month.This was used in an attempt to take into account that in Tasmania, 

there is a time lag between the last rainfall and the emergence of the majority of 

macrofungi. A 7-day period also coincides with the mid-point between successive 

visits to the plots. 

 

Macrofungal assemblages were examined using the unconstrained procedures of 

MDS (non-metric Multidimensional Scaling) and PCOA (Principal Co-ordinates 

Analysis and the constrained procedure of CAP (Canonical Analysis of Principal Co-

ordinates). An MDS ordination helps to identify patterns and therefore may be useful 

in generating hypotheses. It is limited by the qualitative and subjective interpretations 

of the ordination diagrams. The scales of the axes are arbitrary and the ordinations 

show only relative inter-object distance (Johnson and Barmuta 2006). The lack of 

objectivity means that depending on which computer package is used, different 

ordination diagrams may be obtained (Ratkowsky 2007). The CAP method 

(Anderson and Willis 2003) couples metric principal coordinate analysis (PCOA) 

with CVA (canonical variate analysis). One pathway from this coupling is a canonical 

discriminant analysis, designated here as CAP-CDA, which tests the hypothesis that 

there is no difference between macrofungal species assemblages by use of a 

permutation test, as well as producing an ordination diagram. See Ratkowsky (2007) 

for an illustration of the application of this technique to data arising from a 

macrofungal survey. 

 

Combined seasonal and plot effects on macrofungal assemblages were examined 

using CAP-CDA ordinations, where season was defined in the traditional way, i.e. 

four seasons of three months duration (Autumn: March-May; Winter: June-August; 

Spring: Sept.-Nov.; Summer: Dec.-Feb.). In addition, seasonality was examined using 
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the indigenous concept of season, which in Tasmania had three seasons of unequal 

length, viz. Wegtellanyta (Dec.-April), Tunna (May-August) and Pawenyapeena 

(Sept.-Nov.) (Bureau of Meteorology Indigenous seasons viewed 20 May 2008).  

 

Canonical discriminant analysis (CAP-CDA) was carried out on the 814 composite 

pieces of CWD to determine the effect of CWD decay class and diameter on the 

macrofungal species assemblage compositions in the four plots. Initially, analyses 

were made for each of the four plots separately, but problems were encountered due 

to low numbers in some of the classes. The Old growth and 1898 plots were 

combined into a ‘Mature’ forest grouping to alleviate this problem. Similarly, 1934 

and 1898/1934 plots were combined to form the ‘Younger’ forest grouping. In 

addition, the ‘Large’ diameter class was redefined to be ≥60cm instead of ≥90cm. 

Further, after the initial calculation effort, the ‘High’ decay class was redefined to be 

≥3.5 instead of ≥4, which was more realistic and helped increase the number of pieces 

of CWD in the previously sparse high decay class grouping.  

 

The effects of the vascular plant community on the species assemblages on CWD 

were investigated using canonical correlations analysis (CAP-CCorA), as 

implemented by an option in CAP (Anderson and Willis 2003). This option is a 

canonical correlations analysis, designated here as CAP-CCorA. This pathway has a 

different objective from CAP-CDA, and does not involve predefined groups. Instead, 

there is a second set of multivariate observations, in this case a list of the vascular 

plant species present in each of the 25 subplots of each of the four plots. As there 

were 21 vascular plant species present in the 100 subplots, the second set of 

observations can be expressed as a 100x21 matrix of host species abundances. The 

purpose of CAP-CCorA is to see whether this second set of observations correlates 

with the lists of macrofungal species obtained from the 100 subplots. As there are no 

groups, there is no classification matrix, and no rates of misclassification. However, 

there is a permutation test resulting in an exact P-value, which measures the strength 

of the correlation between the macrofungal species lists and the abundances of the 

vascular plant species present in the subplots. Ordination diagrams result, on which 

the points representing the macrofungal species lists may be displayed. The CAP-

CCorA procedure was illustrated by Ratkowsky and Gates (2008) using macrofungal 

data collected during this Ph.D. project. In this chapter, for displaying the ordination 
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results, plotting symbols have been chosen that reflect the three main vegetation 

types, viz. ‘Rainforest’ (rainforest species with no E. obliqua present), ‘Pomaderris’, 

and ‘Monotoca’ (in this study, synonymous with the 1934 plot), as well as reflecting 

the plot in which the subplot is situated. The 18 subplots that did not fall into any of 

the three main vegetation types are omitted.  

 

Results 

Species richness and species assemblages are presented below. The macrofungal 

assemblages on CWD and ODW are examined in more detail than those on stags and 

standing trees, as the physical attributes, particularly the heights, of the stags and 

standing trees were not measured accurately enough to warrant a similar degree of 

analysis. Tables and figures whose names contain the letter ‘A’ are in Appendix 1. 

Various relationships between CWD attributes and macrofungal species richness 

were examined, including:  

 the effect of decay class on macrofungal species richness, 

 the effect of size (length, diameter, surface area, volume) on macrofungal 

species richness, using regression analysis, 

 the joint effect of size and decay class on macrofungal species richness. 

 

Species richness of macrofungi on wood 

Species identification and number of records, woody substrates 

There were 7776 macrofungal observations, representing 410 species, on all woody 

substrates. Of these species, 195 were able to be determined to species level and 215 

were not. There were 295 species on CWD, 234 species on ODW, 63 species on stags 

and 73 species on standing trees. These were divided into species that were exclusive 

to each substrate and those that were common to two or more substrates and 

displayed using a Venn diagram in Figure 4.2.  
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Fig. 4.2. Venn diagram showing the distribution of the 410 species of macrofungi on 

the four woody substrates. 

 

Stags and standing trees have a combined total of only 15 species that were not found 

on CWD and/or ODW. CWD and ODW share 134 species but each substrate still 

retains a unique mycota with 153 species and 96 species, respectively.  

 

The number of macrofungal species found on each category of wood was divided into 

the Phyla Ascomycota and Basidiomycota. The number of species of each Phylum 

found in each plot on CWD, ODW, stags and standing trees, as well as all kinds of 

wood, is presented as frequency bar graphs in Figure 4.3 (see also Table 4.A1). For 

the Basidiomycota, the heights of the columns show that for each category of wood, 

the individual plots contain about the same number of species. For the Ascomycota, 

the number of species is more variable among plots, with the largest number being on 

ODW in 1898. The number of macrofungal species on CWD does not differ greatly 

among the four plots (Table 4.A1). The 1898 plot and the 1934 plot had the greatest 

number of species on CWD (145 and 144 respectively). The greatest discrepancy 

between species numbers on CWD and ODW was in the 1934 plot, with 49 more 

species on CWD. The Old growth plot had the greatest number of species on stags. 

CWD (27) and ODW (31) had a much greater number of Ascomycota than stags (9) 

or standing trees (8). 
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Fig. 4.3. The number of macrofungal species found on each category of wood in each 

plot: (a) Ascomycota, (b) Basidiomycota. 

 

Species accumulation curves, on CWD and ODW 

Randomised species accumulation curves were used to portray the rate at which new 

species of macrofungi were being collected: 

 at each visit for the 14 months survey for CWD (Figure 4.4a), 

 at each visit for the 14 months survey for ODW (Figure 4.4b), 

 with increasing number of pieces of composite CWD (Figure 4.5), 

 with increasing area (number of subplots) for CWD (Figure 4.6a), 

 with increasing area (number of subplots) for ODW (Figure 4.6b). 

 

This selection was chosen to see if there were any outstanding differences in the 

curves using increasing visits, area or pieces of CWD, and using increasing visits and 

area of ODW. 

 

In Figure 4.4, the slopes of the curves are approximately the same for each plot. The 

curves for 1934 and 1898 are almost identical for CWD. There is no suggestion of an 

asymptote being reached for any of the curves. 
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Fig. 4.4. Randomised species accumulation curves for the four plots, (a) CWD, (b) 

ODW. 

 

Species accumulation curves for pieces of composite CWD and species richness for 

each plot are shown in Figure 4.5. The four plots have curves that are ever increasing 

with no sign of an asymptote being reached.  
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Fig. 4.5. Species accumulation curves for species richness and increasing number of 

pieces of composite CWD for each plot. 

 

Species accumulation curves for CWD and ODW using increasing area (increasing 

number of subplots, where each subplot has an area of 100m2) are shown in Figure 
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4.6. The ever-increasing curves for each of the four plots show no sign of an 

asymptote being reached. For the 1898 and 1934 plots, the curves for CWD are 

almost superimposed on one another. This means that the rate of accumulation was 

very close to being the same with increasing number of subplots. The results of these 

randomised species accumulation curves establishes that irrespective of whether 

visits, area, or number of pieces of CWD are used, there are no signs of an asymptote 

being reached for any of the plots. 
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Fig. 4.6. Species accumulation curves for each plot for a) CWD and b) ODW with 

increasing number of subplots. 

 

Effects of rainfall and temperature on macrofungal species on wood 

For each plot separately, the number of macrofungal species on all four woody 

substrates combined to form a general category of wood is examined in Figure 4.7. 

There are more macrofungal species on wood in the Old growth plot for the drier 

months of December, January, March and April than in any other plot. The number of 

species in 1934 and 1898/1934 is consistently lower than for the other two plots. All 
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plots show a decrease in species numbers after July 2006, regardless of the increase in 

rainfall, for the remainder of 2006. An increase in macrofungal species numbers 

corresponds to rainfall events in January 2007 and March 2007. This increase is 

sustained by decreasing temperatures by periodic rain until a rainfall event in May 

2007, when maximum numbers are reached. 
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Fig. 4.7. Number of macrofungal species on wood (CWD+ODW+stags+standing 

trees) as a function of rainfall and temperature, for each plot separately. 

 

In Figure 4.8, the monthly rainfall and temperature data are displayed along with the 

numbers of macrofungal species found on CWD and ODW. There is a strong 

seasonal pattern in macrofungal species richness with a peak in May declining to a 

minimum in December. There does not appear to be any marked relationship between 

monthly macrofungal diversity and temperature or rainfall patterns. Although the 

January 2007 rainfall event did coincide with an apparent increase in species richness, 

it is masked to some extent by the general trend of increasing species richness beyond 

the December minimum. In all months, both CWD and ODW support some 

macrofungal species with CWD supporting many more at all times. The increase in 

species on CWD for April, May and June of 2007 appears to be much greater than the 

increase in the number of species on ODW for the same period, although increases 

and decreases on CWD are mirrored by increases and decreases on ODW throughout 
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the whole of the survey. When the effect of temperature by itself was plotted against 

months of the year, there was no significant result (not shown). 
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0

20

40

60

80

100

120

140

160

A
p

r-
0

6

M
a

y
-0

6

J
u

n
-0

6

J
u

l-
0

6

A
u

g
-0

6

S
e

p
-0

6

O
c

t-
0

6

N
o

v
-0

6

D
e

c
-0

6

J
a

n
-0

7

F
e

b
-0

7

M
a

r-
0

7

A
p

r-
0

7

M
a

y
-0

7

J
u

n
-0

7

Month and year

N
o

. o
f 

m
a

c
ro

fu
n

g
a

l s
p

e
c

ie
s

 

0

5

10

15

20

25

30

A
v

e
ra

g
e

 m
a

x
im

u
m

 t
e

m
p

e
ra

tu
re

 (
C

) 
o

r 
to

ta
l m

o
n

th
ly

 r
a

in
fa

ll 
(c

m
)

CWD 

ODW

Total rainfall

Ave. max. temp.

 

Fig. 4.8. The effects of rainfall and temperature on the macrofungal assemblages on 

CWD and ODW.  

 

The effect of decay class on species richness 

The number of macrofungal species found on all pieces of CWD is expressed as a 

function of the decay class of each of the pieces of CWD (Figure 4.9). Decay classes 

2.5-4 contain most of the macrofungal species. However, Figure 4.9 also shows that 

most pieces of CWD are in those same decay classes.  
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Fig. 4.9. No. of pieces of CWD and no. of species of macrofungi in each decay class. 

 

To remove the effect that there are more pieces of wood in the decay classes which 

support more macrofungal species, a ‘100% Stacked Column’ graph is employed, 

where the number of pieces of CWD and the number of macrofungal species are 

plotted in the same graph as a function of decay class (Figure 4.10). The graph shows 

that the ‘adjusted’ richness is very similar across decay classes 2.5-5, suggesting that 

macrofungal species numbers are little affected by decay class. 
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Fig. 4.10. No. of pieces of CWD and macrofungal species richness in each decay 

class, expressed as a percentage. 

 

The effect of size of CWD on species richness 

To determine the effect of size upon the number of species of macrofungi on the 

CWD in the four plots, regression analyses (Table 4.A2, Figures 4.11 and 4.12) were 

carried out in which the response variable was a measure of richness (i.e. the total 

number of species observed on each piece of CWD at the completion of the survey) 

and the explanatory variables were the various measures of size, viz. diameter, length, 

surface area, and volume. Additional response variables considered were measures of 

macrofungal ‘density’ such as number of species per unit length, number of species 

per unit surface area, and number of species per unit volume. Furthermore, various 

transformations of richness and the richness-based densities were tried in an attempt 

to find a suitable model for species richness. This process resulted in length and 

surface area being confirmed as the two most influential explanatory variables for 

number of species.  

 

The effect of length and decay class on species richness 

The following 3d graphs (Figure 4.11) depict the number of macrofungal species as a 

function of the CWD attributes length and decay class, for all plots combined. Figure 
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4.11 is in two parts, the first part being the average number of macrofungal species as 

a function of decay class and length and the second, a graph of the number of pieces 

of CWD as a function of decay class and length. This allows an examination of 

whether a larger number of pieces of CWD in a length/decay class combination are 

correlated with a larger average number of macrofungal species. The largest average 

number of macrofungal species is in the ‘long’ length class in all three decay classes. 

However, the number of pieces of CWD is evenly distributed across the three length 

classes. With respect to decay class, Figure 4.11a indicates that the average number of 

macrofungal species is similarly distributed in all classes. However, the number of 

pieces of CWD has a peak in the medium decay class (Figure 4.11b). From these 

observations, one can conclude that whereas length is an important indicator of 

macrofungal richness, decay class is not. 
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Fig. 4.11a. Average no. of macrofungal species on CWD, as a function of decay class 

and length for all plots combined (decay classes: low ≤2.5; medium 2.6-3.5; high 

>3.5 and lengths: short ≤2.5m; medium 2.6-5m; long >5m). 
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Fig. 4.11b. Number of pieces of CWD as a function of length and decay class for all 

plots combined (decay classes: low ≤2.5; medium 2.6-3.5; high >3.5; lengths: short 

≤2.5m; medium 2.6-5m; long >5m). 

 

The effect of surface area and decay class on species richness 

In Figure 4.12, the relationship between surface area and decay class and the possible 

influence of more pieces of CWD was examined in the same way as was done for the 

effect of length and decay class in Figure 4.11. The largest average number of 

macrofungal species is in the ‘large’ surface area class in all three decay classes. 

However, the number of pieces of CWD is evenly distributed across the three surface 

area classes. With respect to decay class, Figure 4.12a indicates that the average 

number of macrofungal species is similarly distributed in all classes. However, the 

number of pieces of CWD has a peak in the medium decay class (Figure 4.12b). From 

these observations, one can conclude that whereas surface area is an important 

indicator of macrofungal richness, decay class is not. 
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Fig. 4.12a. Average number of macrofungal species, as a function of decay class and 

surface area for CWD in all plots combined (decay classes: low ≤2.5; medium 2.6-

3.5; high >3.5); surface area classes: small ≤1.5m2; medium 1.6-3.5m2; large >3.5m2). 
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Fig. 4.12b. Number of pieces of CWD as a function of decay class and surface area 

for all plots combined (decay classes: low ≤2.5; medium 2.6-3.5; high >3.5); surface 

area classes: small ≤1.5m2; medium 1.6-3.5m2; large >3.5m2). 

 

In both Figures 4.11 and 4.12, the column heights representing average species 

numbers are affected by length and surface area, but are almost independent of decay 
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class. This supports the finding of the stepwise regression analysis that decay class 

has little effect on macrofungal species richness. 

 

As the above analyses supported the findings using regression analysis that length 

and surface area were important explanatory variables, macrofungal species richness 

as a function of length (Figure 4.13) and surface area (Figure 4.14) was further 

investigated. 

 

Effect of length on species richness 

Figure 4.13a depicts the number of species of macrofungi as a function of CWD 

length. To remove the effect of unequal number of pieces of CWD in each length 

class, Figure 4.13b depicts the same information expressed as a percentage. There are 

very few long pieces of CWD without any macrofungal species, e.g. only 7.9% of 

pieces of CWD >10m long were without fungi. As length increases so does the 

chance of macrofungi being present. From Figure 4.13b it can be seen that as the 

number of macrofungal species increases, the distribution shifts in the direction of 

longer pieces of CWD. For example, 86% of pieces of CWD which had more than 10 

species of macrofungi were of length >10m. 
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Fig. 4.13a. Macrofungal species richness vs. Length distribution per piece of CWD. 
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b)

Percentages as a function of CWD length class
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Fig. 4.13b. Distribution of length of CWD vs. Number of macrofungal species, 

expressed as a percentage. 

 

Effect of surface area on species richness 

Figure 4.14a depicts the number of species of macrofungi as a function of CWD 

surface area. To remove the effect of unequal number of pieces of CWD in each 

surface area class, Figure 4.14b depicts the same information expressed as a 

percentage. It is very clear from Figures 4.14a and 4.14b that the larger the surface 

area the greater the number of species of macrofungi. For example, for CWD with 

surface area >50m2, ca. 60% of the CWD had more than 10 species of macrofungi 

and none had less than four species. 
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Fig. 4.14a. Macrofungal species richness vs. surface area of CWD. 
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Fig. 4.14b. Macrofungal species richness as a percentage vs. surface area. 
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Species assemblages of macrofungi on wood 

The previous analyses pertain to numerical macrofungal species richness. The 

following section examines species assemblages. 

 

Assemblage composition on CWD 

The results of MDS and PCOA (unconstrained ordinations), shown in Figures 4.A1 

and 4.A2 respectively, indicate differences in macrofungal species assemblages on 

CWD among all four plots. A highly significant result was obtained from CAP-CDA 

(P-value of 0.00001 from 99,999 permutations, misclassification rate of 5.2% (Table 

4.A3)). Figure 4.15, in which the individual points represent a list of species for each 

visit, shows clearly that the four plots have distinctly different macrofungal species 

assemblages. 
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Fig. 4.15. CAP-CDA on CWD using visits as replication. 

 

Assemblage composition on ODW 

MDS (Figure 4.A3), PCOA (Figure 4.A4) and CAP-CDA (Figure 4.16) show that the 

macrofungal species assemblages supported by ODW overlap to some degree in the 

four plots, especially between plots 1898 and 1898/1934. A P-value of 0.00001 was 

obtained from 99,999 permutations with a misclassification rate of 12.2% (Table 

4.A4), higher than for CWD.  
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CAP-CDA, Other dead wood, Axis 2 vs. Axis 1
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Fig. 4.16. CAP-CDA, macrofungal species composition on ODW using visits as 

replication. 

 

Seasonality for macrofungi on fallen wood 

CWD, ODW and macrofungi: indigenous vs. traditional seasons 

Table 4.A5 (see Appendix 1) shows that the total number of macrofungi found on 

CWD during Tunna was more than four times that found during Pawenyapeena and 

more than twice that found during Wegtellanyta. Note, however, that part of Tunna 

was represented over two years with May and June occurring twice during the 14 

month survey period, thereby increasing the totals for Tunna. For ODW, Tunna had 

more than twice that found during Pawenyapeena and more than one and a half times 

that found during Wegtellanyta. The differences in numbers of macrofungi among 

indigenous seasons were more marked for CWD than for ODW. Tables 4.1-4.2 show 

that, for all plots, the P-values are low, showing that there are significant differences 

in the macrofungal species assemblages on CWD using both indigenous seasons and 

traditional seasons. Less misclassifications are obtained using the indigenous seasons 

than using the traditional seasons. Tables 4.3-4.4 show that, for both indigenous and 

traditional seasons, the misclassification rates for ODW are high compared to those 

for CWD (cf. Tables 4.1-4.2). However, a consistently better result is obtained with 

indigenous seasons rather than traditional seasons for both categories of wood.  
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Table 4.1. P-values and misclassification rates for CWD, using visits grouped into 

indigenous seasons from 99,999 permutations. 

Plot P-value, trace 
criterion 

P-value, delta 
criterion 

Misclassification 
rate 

Old growth 0.00001 0.00006 13.8% 

1898 0.00001 0.00001 10.0% 

1934 0.00001 0.00003 7.1% 

1898/1934 0.00001 0.00002 14.3% 

 

Table 4.2. P-values and misclassification rates for CWD, using visits grouped into 

traditional seasons, from 99,999 permutations. 

Plot P-value, trace 
criterion 

P-value, delta 
criterion 

Misclassification 
rate 

Old growth 0.00001 0.00007 17.2% 

1898 0.00001 0.00357 23.3% 

1934 0.00001 0.00005 28.6% 

1898/1934 0.00001 0.00039 17.9% 

 

Table 4.3. P-values and misclassification rates for ODW, using visits grouped into 

indigenous seasons, from 99,999 permutations. 

Plot P value, trace 
criterion 

P value, delta 
criterion 

Misclassification 
rate 

Old growth 0.00005 0.00021 23.3% 

1898 0.00004 0.00002 20.0% 

1934 0.00007 0.00878 26.9% 

1898/1934 0.00012 0.00003 20.7% 

 

Table 4.4. P-values and misclassification rates for ODW, using visits grouped into 

traditional seasons, from 99,999 permutations. 

Plot P value, trace 
criterion 

P value, delta 
criterion 

Misclassification 
rate 

Old growth 0.00001 0.00067 26.7% 

1898 0.00005 0.00071 43.3% 

1934 0.00123 0.01623 46.2% 

1898/1934 0.00082 0.03419 37.9% 
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Effect of the four woody substrate types, CWD, ODW, stags and standing trees on 

macrofungal species assemblages 

The CAP-CDA ordination diagrams for each plot separately (Figure 4.17(a-d)) show 

that the four substrates support substantially different lists of macrofungal species. 

Similarly, for all plots combined (Figure 4.17e), each substrate supports a different 

macrofungal species assemblage.  

 

For the Old growth plot, a highly significant P-value of 0.00001 was obtained from 

99,999 permutations. The misclassification rate for this plot is 5.2% (see Table 4.A6a 

for classification table). For the 1898 plot (P-value of 0.00001 from 99,999 

permutations, misclassification rate 1.7%, see Table 4.A6b), the ordination diagrams 

show that the macrofungal assemblages of the four woody substrates are distinct. 

There is a strong overlap between CWD and ODW on Axis 2 but they are clearly 

separated by Axis 3. For the 1934 plot (P-value of 0.00001 from 99,999 permutations, 

misclassification rate 13.0%, see Table 4.A6c), all woody substrates have distinct 

macrofungal assemblages. The points representing the assemblages on stags and 

standing trees overlap on Axis 2 vs. Axis 1; however, Axis 3 clearly separates these 

groups. For the 1898/1934 plot (P-value of 0.00001 from 99,999 permutations, 

misclassification rate 11.3%, see Table 4.A6d), the four woody substrates support 

different macrofungal assemblages with those on CWD and ODW being the most 

clearly defined. For all plots combined (P-value of 0.00001 from 99,999 

permutations, misclassification rate 1.7%, see Table 4.A6e), the ordination diagrams 

show that the four substrate groups are clearly separated, each with differing 

macrofungal assemblages.  
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-0.15

-0.05

0.05

0.15

0.25

-0.2 -0.1 0 0.1 0.2 0.3

Axis 1

A
x

is
 2

CWD

ODW

Stags

Living wood

CAP-CDA, Old growth 

-0.2

-0.1

0

0.1

0.2

-0.2 -0.1 0 0.1 0.2 0.3

Axis 1

A
x

is
 3

CWD

ODW

Stags

Living wood

 

Fig. 4.17a. CAP-CDA on Old growth using all types of wood. 
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Fig. 4.17b. CAP-CDA on 1898 using all types of wood. 
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Fig. 4.17c. CAP-CDA on 1934 using all types of wood. 
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CAP-CDA, 1898/1934
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Fig. 4.17d. CAP-CDA on 1898/1934 using all types of wood. 
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Fig. 4.17e. CAP-CDA for all plots combined using all types of wood. 

 

Assemblage composition on CWD as a function of the vascular plant community  

The CAP-CCorA diagram (Figure 4.18) indicates that macrofungal species 

assemblages on CWD are highly correlated with, and thereby presumably strongly 

influenced by, the vascular plant community present in a subplot. A highly significant 

P-value (0.00001) was obtained from 99,999 permutations; Axis 1 separates the 

macrofungal assemblages on CWD in the ‘Pomaderris’ forest type from the 

‘Rainforest’ forest type, but ‘Monotoca’ occupies an intermediate position on that 

axis and is not separated by either Axis 2 or Axis 3. 
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CAP-CCorA, CWD
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Fig. 4.18. CAP-CCorA, macrofungal assemblages on CWD and the vascular plants in 

subplots. 

 

Effect of CWD decay and diameter classes on macrofungal species assemblage 

composition 

Mature forest (Old growth plot combined with 1898 plot) 

The macrofungal species compositions are clearly different (Tables 4.5 and 4.6) with 

99,999 permutations resulting in the most extreme possible P-value from that number 

of permutations (i.e. P= 0.00001). For decay class (Table 4.5), there are only 8 pieces 

of CWD out of 165 incorrectly classified as to decay class grouping (misclassification 

rate is 4.8%), an overall correct classification rate of 95.2%. For diameter class (Table 

4.6), the mis-classification rate is 11.3%, somewhat higher than for decay class. 

 

Table 4.5. Classification table of macrofungal assemblages in CWD decay class 

groups, ‘Mature’ forest.  

Original Decay 
Class Group 

Classified into groups  
Low (≤2.5) High (≥3.5) Total %correct 

Low (≤2.5) 12 5 17 70.6% 
High (≥3.5) 3 145 148 98.0% 

 Total correct = 157/165 = 95.2% 
Misclassification rate = 4.8% 

P=0.00001 
No. of permutations =99,999  
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Table 4.6. Classification table of macrofungal assemblages in CWD diameter class 

groups, ‘Mature’ forest. 

Original Diameter 
Class Group 

Classified into groups  
Small (≤30cm) Large (≥60cm) Total %correct

Small (≤30cm) 184 20 204 90.2% 
Large (≥60cm) 7 28 35 80.0% 

 Total correct = 212/239 = 88.7% 
Misclassification rate = 11.3% 

P=0.00001 
No. of permutations=99,999 

 

 

Younger forest (1934 and 1898/1934 plots combined) 

The macrofungal species compositions of the two decay classes of CWD for younger 

forests are significantly different (Table 4.7) but the difference is not as marked as for 

the mature forest (Table 4.5). However, for the CWD diameter classes, the 

macrofungal species assemblage compositions are clearly different (Table 4.8), with 

99,999 permutations resulting in the most extreme possible P-value from that number 

of permutations (i.e. P= 0.00001). 

 

Table 4.7. Classification table of macrofungal assemblages in CWD decay class 

groups, ‘Younger’ forest. 

Original Decay 
Class Group 

Classified into groups  
Low (≤2.5) High (≥3.5) Total %correct

Low (≤2.5) 30 23 53 56.6% 
High (≥3.5) 22 91 113 80.5% 

 Total correct = 121/166 = 72.9% 
Misclassification rate = 27.1% 

P=0.00064 
No. of permutations =99,999 

 

 

Table 4.8. Classification table of macrofungal assemblages in CWD diameter class 

groups, ‘Younger’ forest. 

Original Diameter 
Class Group 

Classified into groups  
Small (≤30cm) Large (≥60cm) Total %correct 

Small (≤30cm) 179 18 197 90.9% 
Large (≥60cm) 17 24 41 58.5% 

 Total correct = 203/238 = 85.3% 
Misclassification rate = 14.7% 

P=0.00001 
No. of permutations =99,999  
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Assemblage composition as affected by the combination of CWD decay class and 

diameter class 

Mature forest (Old growth plot combined with 1898 plot) 

Although four groups should result from combining two decay classes with two 

diameter classes, one of the combinations was empty, as there were no large diameter 

pieces of CWD in the low decay class. The CAP-CDA analysis (Table 4.A7 and 

Figure 4.19), carried out on the three class combinations for which there were data, 

showed that macrofungal species assemblages are different on CWD in the categories 

Low/Small (≤2.5/≤30cm), High/Small (≥3.5/≤30cm), and High/Large (≥3.5/≥60cm) 

for Mature forest.  

 

CAP-CDA, Mature forest, Decay class and Diameter class 
combinations
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Fig. 4.19. CAP-CDA of macrofungal assemblages for Mature forest, CWD decay 

class and diameter class combinations (Low/Small (≤2.5/≤30cm), High/Small 

(≥3.5/≤30cm), and High/Large (≥3.5/≥60cm) for Mature forest). 

 

Younger forest (1934 and 1898/1934 plots combined) 

The overlap among the three groups in the Younger forest is much more evident 

(Figure 4.20) than the corresponding overlap for Mature forest (Figure 4.19). 

Generally, all indicators, viz. misclassification rates (Table 4.A8), permutation tests, 
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and ordination diagrams (Figure 4.20), point to the same conclusion that although the 

assemblages are different for the CWD in the different categories, the separation of 

the groups is not as good as for the Mature forest. 

 

CAP, Younger forest, Decay class and Diameter class 
combinations
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Fig. 4.20. CAP-CDA of macrofungal assemblages for Younger forest, CWD decay 

class and diameter class combinations (Low/Small (≤2.5/≤30cm), High/Small 

(≥3.5/≤30cm), and High/Large (≥3.5/≥60cm) for Mature forest). 

 

Macrofungal species lists on CWD 

The most commonly recorded (n ≥10) macrofungal species of the assemblages in 

CWD decay class, diameter class and combinations of decay and diameter classes are 

presented in Table 4.9. These are not to be considered as indicator species of the 

category in which they are listed. 
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Table 4.9. Most commonly found macrofungal species inhabiting CWD, classified by 

decay class, diameter class, and the combinations of decay and diameter classes. 

Decay class 
and/or diameter 

class 

Macrofungal species 

Low decay 
≤2.5 

Ascomycete ‘white disc bruising orange’, Chondrostereum 
purpureum, Hypoxylon aff. placentiforme, Junghuhnia 
rhinocephala, Mycena interrupta, Skeletocutis nivea, Stereum 
illudens, Stereum ostrea. 

High decay 
≥3.5 

Ascomycete ‘white disc bruising orange’, Australoporus 
tasmanicus, Bisporella ‘green-yellow’, Clavicorona piperata, 
Collybia eucalyptorum, Entoloma readiae, Galerina hypnorum, 
Galerina patagonica, Gymnopilus austropicreus, Gymnopilus 
ferruginosus, Mycena interrupta, Mycena kurramulla, Mycena 
subgalericulata, Psathyrella echinata. 

Small diameter 
≤30cm 

Ascomycete ‘white disc bruising orange’ Australoporus 
tasmanicus, Bisporella ‘green-yellow’, Clavicorona piperata, 
Galerina patagonica, Hypoxylon aff. placentiforme, 
Junghuhnia rhinocephala, Mollisia cinerea, Mycena interrupta, 
Mycena kurramulla, Mycena mulawaestris, Plectania 
campylospora, Pluteus atromarginatus, Postia dissecta, 
Psathyrella echinata, Psilocybe brunneoalbescens, Stereum 
ostrea. 

Large diameter 
≥60cm 

Collybia eucalyptorum, Galerina hypnorum, Gymnopilus 
ferruginosus, Meiorganum curtisii, Mycena carmeliana, 
Mycena subgalericulata, Postia dissecta, Postia pelliculosa. 

Low decay and 
small diameter 

Ascomycete ‘white disc bruising orange’, Mollisia cinerea, 
Mycena interrupta, Stereum illudens, Tremella fuciformis. 

Low decay and 
large diameter 

Galerina hypnorum. 

High decay and 
small diameter 

Ascomycete ‘white disc bruising orange’, Australoporus 
tasmanicus, Bisporella ‘green-yellow’, Galerina patagonica, 
Mycena interrupta, Mycena kurramulla, Psathyrella echinata. 

High decay and 
large diameter 

Clavicorona piperata, Collybia eucalyptorum, Galerina 
hypnorum, Gymnopilus ferruginosus, Mycena subgalericulata. 

 

Polypore species lists on each woody substrate in each plot  

Table 4.10 lists the non-resupinate polypore species encountered on more than 10 

individual pieces of dead wood or standing trees during this survey. If the substrate is 

not specified this is because it could not be identified in the field. 
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Table 4.10. Main polypore species (non-resupinate) with substrate in each plot. 

Fungal species Associated 
rot type 

Plot 
Old Growth 1898 1934 1898/1934 

Australoporus 
tasmanicus 

White heart 
rot in 
living trees 

Living, Stag, 
CWD, ODW, 
all 
Nothofagus 
and living and 
CWD of 
Atherosperma 
moschatum 

Stag, CWD, 
ODW all 
Nothofagus 

CWD, one 
legacy log 

CWD, one 
legacy log 

Fomes 
hemitephrus 

White heart 
rot in 
living trees 

Living, Stag, 
CWD, ODW, 
all 
Nothofagus 

Stags, CWD, 
all 
Nothofagus 

Stag, CWD, 
legacy wood, 
Nothofagus 

CWD, legacy 
log 

Ganoderma 
australe 

White heart 
rot in 
living trees 

Living 
Nothofagus, 
Stags and 
CWD of 
E. obliqua, 
ODW 

Stag, CWD, 
ODW all 
E. obliqua 

Nil Living, CWD, 
both 
E. obliqua 

Phellinus 
wahlbergii 

White heart 
rot in 
living trees 

Living 
E. obliqua 

Living 
E. obliqua 

Living 
E. obliqua 

Living, Stag, 
CWD, ODW, 
all E. obliqua 

Postia  

caesia 

Brown 
cuboidal 
heart rot 

ODW, two 
records, both 
Nothofagus 

CWD, ODW, 
Pomaderris, 
E. obliqua 

CWD, one 
record 

ODW, all 
Pomaderris 

Postia  

dissecta 

Brown 
cuboidal 
heart rot 

ODW, one 
record 

Living, Stag, 
CWD, 
ODW, all 
E. obliqua 

One living 
record, rest on 
CWD, all 
E. obliqua 

CWD, ODW, 
both 
E. obliqua 

Postia 
pelliculosa 

Brown 
cuboidal 
heart rot 

CWD of 
E. obliqua 

Stag, CWD, 
both 
E. obliqua 

Living, CWD, 
ODW, all 
E. obliqua 

Living, CWD, 
of E. obliqua 

Postia 
punctata  

Brown rot Living 
E. obliqua, 
one record 

Nil CWD of 
E. obliqua 

Living, Stag, 
CWD, ODW, 
all E. obliqua 

 

Timelines for macrofungal species on fallen wood 

The timelines for all species on CWD and ODW with more than five records are 

presented in Appendix 1 (Tables 4.A9 and 4.A10). The woody polypores 

Australoporus tasmanicus, Fomes hemitephrus, Ganoderma australe, and Phellinus 

wahlbergii would have been recorded throughout the whole course of the survey if 

the substrates standing trees and stags had been included in the timelines. Some of the 

Ascomycota species (Hypoxylon bovei, Hypoxylon hians, Hypoxylon diatrypeoides, 

Hypoxylon howeanum, Xylaria castorea and Nitschkia sp.) also persisted for most of 

the 14-month survey period. Other species (Hypholoma brunneum, H. fasciculare and 
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Cheimonophyllum candidissimum) finished fruiting at the end of July and then had a 

resurgence of fruit bodies in October to November. Several species showed very 

definite fruiting periods, which closely coincided on both CWD and ODW. For 

example, Ascomycete ‘white disc bruising orange’ stopped fruiting at the end of 

September on both CWD and ODW, Crepidotus applanatus fruited from March to 

July on both CWD and ODW and C. variabilis fruited from March to June on CWD 

and March to July on ODW. Mycena interrupta, which can be found on wood in all 

sizes and all decay classes, fruited from April to August on CWD and from April to 

July on ODW. Similarly, M. kurramulla fruited from May to August on both CWD 

and ODW and M. sanguinolenta fruited from April-July on both CWD and ODW. 

Not all Mycena species showed such a sharp demarcation. M. carmeliana showed a 

much wider, more erratic range, fruiting from February to November on CWD and 

from April to August, then November, on ODW.  

 

Discussion 

Species identification and number of records 

Approximately 50% of all species recorded on wood could be identified to species 

level. This agrees with other ecological fungal studies in Australia which have a range 

from 39-51% of all species able to be formally identified (Robinson and Tunsell 

2007). The number of records and the number of wood-inhabiting species (410) 

(Figure 4.3, Table 4.A1) are the largest ever noted in an Australian study (cf. Hilton 

et al. 1989, 40 spp.; Burns and Conran 1997, 13 spp.; McMullan-Fisher et al. 2002, 

35 spp.; Robinson et al. 2003, 63 spp.; Robinson and Tunsell 2007, 68 spp.). Several 

factors could be responsible for the large discrepancy between the numbers from this 

study and those from other Australian studies. With the exception of McMullan-

Fisher et al. (2002), the studies were conducted in the forests of West Australia and 

South Australia, which experience hot and dry conditions for a much longer period of 

time and have a smaller season for fruit body emergence than the wet sclerophyll 

forests of southern Tasmania and Victoria. The surveying effort was often not as great 

as in this study in terms of the length, the area surveyed or frequency of visits. It 

could also be that the studies were conducted in forest types where large quantities of 

wood or wood in differing decay stages were not available to support large numbers 

of wood-inhabiting fungi. Even a plot size of 2500m2 was considered too small in the 
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Northern Hemisphere to provide wood in various stages of decay needed for the 

growth of some lignicolous species (Holec 1992). There have been several other 

studies to date in the wet sclerophyll forests of southern Tasmania, viz. Packham et 

al. (2002), Ratkowsky and Gates (2002), Gates and Ratkowsky (2004), Gates et al. 

(2005), Hopkins 2007 and Gates et al. (2009). Packham et al. (2002) found 79 

species on wood out of a total of 132 taxa, Gates et al. (2005) found 128 species on 

wood, and Gates et al. (2009) found 123 species on wood. Hopkins (2007) 

concentrated on the molecular detection of fungi from decay columns in felled living 

trees and the rots in E. obliqua logs and found 91 species of fungi.  

 

In the Northern Hemisphere where polypores and/or corticioids are well known they 

are commonly the focal point of a study, e.g. Norstedt et al. (2001), Nordén et al. 

1999, Nordén and Larsson (2000), Küffer and Senn-Irlet (2005a, 2005b), Hattori 

(2005), Junninen et al. (2006), Sippola et al. (2001, 2005) and Hottola and Siitonen 

(2008). There is a noticeable general omission of resupinate polyporoid and corticioid 

species from the Australian studies cited previously. Although these species are 

prolific on wood and are important for the process of wood decay (Swift 1982, 

Niemalä et al. 1995) and for mycorrhizal associations (Tedersoo et al. 2003), 

Australia lacks taxonomists who specialize in their identification. Thus, these groups 

tend to be ignored in most fungal surveys, which may also have resulted in the lower 

numbers of wood-inhabiting fungi obtained in other Australian studies. 

 

Species richness 

The number of species of macrofungi supported by CWD is not very different to that 

supported by ODW for all plots combined (Table 4.A1). It is interesting to note that 

although there were many species common to both substrates, large numbers were 

also found exclusively on CWD or ODW (Figure 4.2). It is evident that both the 

substrates CWD and ODW are needed to support a diverse and rich mycoflora. 

 

Does decay class of CWD matter? 

In this study most of the macrofungal species were found in the decay classes 2.5-4; 

however, most pieces of CWD were also in those decay classes (Figure 4.9). From 

Figure 4.10 it was concluded that species richness, as measured by total species 



 Chapter 4 – Macrofungi on wood 

 106 

numbers, is not affected by decay class. This finding is not usual as other studies have 

found that decaying wood in decay classes 3 and 4 supports more species (e.g. 

Renvall 1995, Høiland and Bendiksen 1996, Edmonds and Lebo 1998 and Heilmann-

Clausen and Christensen 2003). Edmonds and Lebo (1998) reveal that whilst most 

species of fungi were on decay class 3 logs, most of the 47 logs in their study were 

also in decay class 3. No attempt was made to adjust for this factor in their results. 

More convincing results were obtained from a study of 465 conifer logs by Høiland 

and Bendiksen (1996). That study found that long logs with high degree of decay (not 

grouped into classes) had the greatest macrofungal species diversity and they 

concluded that the number of species increased both with increasing degree of decay 

and size of log. Renvall (1995) studied a total of 844 conifer logs and recorded 166 

species of wood-inhabiting Basidiomycetes. He suggested that the increase in species 

numbers with increasing decay class reflected an increase in the number of available 

niches during wood decay as the decomposition process changed the chemical and 

physical properties of the wood. Although Heilmann-Clausen and Christensen (2003) 

found that decay class 3 had the greatest species richness, they restricted the 70 logs 

of their study to have a minimum diameter of 70cm. The large minimum diameter 

compared to the 10cm minimum in the current study makes it unwise to compare that 

study to the present study. 

 

Decay is a combination of many factors including amount of fungal resistant 

compounds, e.g. tannins present in the wood, infection sites and decay trajectories. 

These factors are affected by wood species and climatic conditions, which are very 

different in the Northern Hemisphere compared to southern Tasmania. The CWD in 

the current study was not of the same one species type, i.e. it originated from 

rainforest species such as Atherosperma moschatum, Nothofagus cunninghamii and 

Eucryphia lucida, as well as from E. obliqua, Acacia spp. and Pomaderris apetala. 

The mixture of CWD species in the current study led to a compromise in the decay 

classification used (see Chapter 3), which may have resulted in decay class becoming 

less effective as an explanatory variable for species richness. The wood species may 

have been able to be identified using molecular techniques but this was beyond the 

scope of the current study. 
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Does size of CWD matter? 

In the regression analyses of macrofungal species richness on size attributes, surface 

area alone explained 48.4% of the variation (Table 4.A2a). This is greater than length 

alone (44.6%), volume alone (41.8%) or diameter alone (12.5%), suggesting that 

length and diameter both influence species richness but that length is more important. 

Most overseas studies conclude that decay and diameter class are the best explanatory 

variables (e.g. Nakasone 1993) and Küffer and Senn-Irlet (2005a) state that “there 

were not many significant values regarding the length of the woody debris”. Høiland 

and Bendiksen (1996) determined that long logs with a high degree of decay have the 

greatest species diversity but surface area was not considered in their analyses. 

Heilmann-Clausen and Christensen (2004), Kruys and Jonsson (1999) and Nordén et 

al. (2004) compared species richness on different total volumes and surface areas. 

These are measures of species density, a different concept to species richness as used 

in the current study. Some measures of species density were considered here, viz. 

number of species per unit surface area (Table 4.A2b), number of species per unit 

volume (Table 4.A2c) and number of species per unit length (Table 4.A2d). The 

conclusion drawn from the use of these densities is that the number of species per unit 

length is the best response variable to adjust for the effect of CWD size. That is, when 

species richness is expressed as a density using the number of species per unit length 

as the response variable, no size attribute substantially adds to its explanatory power. 

There is an argument for adopting this density as the response variable for general 

use, although it might appear to contradict the result obtained from the regression 

analysis reported in Table 4.A2a, which suggests that surface area is a better 

explanatory variable for species richness than length. However, the difference 

between the overall explained variations (48.4% vs. 44.6%) using the two alternatives 

is not huge. 

 

The present study suggests that length may be the dominant attribute, with diameter 

playing a lesser, secondary role. It is obvious that long, large diameter logs have a 

greater surface area, as well as being longer, than short, smaller diameter logs. They 

also tend to have greater overall species richness (Figures 4.13b and 4.14b). What is 

unclear is whether it is length or surface area that is the primary driving force. If it is 

length, then diameter plays no role; if it is surface area, then both length and diameter 
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are involved. One thing is clear: whether it is due to having a longer length or a larger 

diameter, a big log presenting a large surface area has a higher chance of being 

colonized by fungal spores and advancing mycelial strands (rhizomorphs) than a 

small log.  

 

Those macrofungal species that produce large fruit bodies require a large spatial 

domain. Usually these species are the heart rot fungi that in nature, have diverse 

infection pathways and are usually found fruiting on old, large diameter trees 

(Heilmann-Clausen and Christensen 2004) and the ensuing CWD. Ganoderma 

australe was recorded once outside of the study plots on dead Pomaderris apetala of 

diameter 14cm. It is very unusual to find this potentially very large polypore on wood 

of such a small diameter and on P. apetala (Ratkowsky and Gates, unpublished data, 

1998-2008) but the fruit body was also very small and may not have been able to 

continue to develop.  

 

Fungi with small spatial domain appear to be able to colonise wood of small or large 

diameter. For example, the ascomycete Vibrissea dura was found on very large CWD 

(up to 260cm in diameter) but also was often found on fragments of dead wood. This 

was also the case for a very common cup fungus, Ascomycete ‘white disc bruising 

orange’, which could be equally prolific on the surface of a large log as on a small 

shard of dead wood or a fragment. The large fleshy fruit bodies of Armillaria novae-

zelandiae and A. hinnulea were found on living trees, large CWD and wood 

fragments. It is reasonable to propose that these smaller or irregular pieces of dead 

wood could have come from the CWD either when the tree was living (fallen 

branches), the fragmentation of the CWD as decay proceeded, or as a result of the 

tree shattering upon falling. A fungus that was present in mycelial form in the tree 

could remain and fruit in the resulting dead wood from either of these instances 

depending on resource availability and favourable conditions for fruiting. 

 

The arbitrary CWD cut-off point of ≥10cm cannot be considered a strict division 

ecologically as a cut-off diameter of 9 or 10cm is hardly relevant compared, for 

example, to the ecological importance of host specificity. The category ODW 

included oddly shaped pieces of wood, which may be less than 1m in length but 

greater than 10cm in diameter, as well as all wood less than 10cm in diameter and 
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less than 1m in length (i.e. fine woody debris, FWD). Such non-uniform shapes as 

encompassed by ODW may have a large surface area per unit volume in contact with 

or close to the soil (depending on their shape) and are likely to be invaded by 

invertebrates and soil-borne fungal mycelium. Many of the fungal species recorded 

on ODW are the more opportunistic ruderal species, found on small diameter wood in 

a low decay stage (small diameter wood does not last long in a high decay class) and 

with tough, leathery fruit bodies suited to survive the effects of desiccation (e.g. 

Stereum illudens, Stereum rugosum, Stereum ostrea, Hypocrea aff. megalosulphurea, 

Hypoxylon crocopeplum, Hypoxylon aff. placentiforme) or the Ascomycota species 

that produce many small fruit bodies, e.g. Bisporella citrina and Ascomycete ‘white 

or greyish cap’.  

 

Specificity of dead and live wood for macrofungi 

Some species of fungi are host specific, e.g. in North America brown-rot fungi have a 

preference for coniferous substrate (Gilbertson 1980) although, according to 

Rajchenberg (2006), this is not the case in the Patagonian Nothofagus forests of 

Argentina. Rajchenberg (2006) suggests that the strong affinity of brown-rots with 

Nothofagus in Argentina and the fact that so many austral and paleoaustral species are 

brown rotters may show a long relationship between that tree genus and the brown rot 

type of fungus. In the current study, all species of wood were examined but often the 

species was indeterminable due to bryophyte cover and bark loss in the later decay 

stages. In spite of the difficulties associated with determining wood species in the 

current study, some macrofungal species were found restricted to a species of wood, 

e.g., Fomes hemitephrus was found only on standing trees and dead wood of 

Nothofagus cunninghamii. F. hemitephrus may be host specific in nature in 

Tasmania, even though a culture of it grew healthily in the laboratory on wood 

shavings of Anodopetalum biglandulosum (Robinson 1986) and Cunningham (1965) 

noted that it had other hosts but this was outside of Tasmania and molecular studies 

may eventually prove it to be a different species. The brown heartwood rotters Postia 

dissecta and P. pelliculosa were found fruiting on living trees, stags, CWD and ODW 

of E. obliqua origin in all four plots. In the Patagonian Andes, these two species are 

found on Nothofagus species (Cwielong and Rajchenberg 1995), which suggests that 

they could colonise Nothofagus in Tasmania. No occurrences of this in Tasmania 

have been recorded to date but there are five records of Postia pelliculosa on 
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Nothofagus cunninghamii (in addition to 73 on Eucalyptus spp.) from the Melbourne 

herbarium (MEL). The white rotter Phellinus wahlbergii was also found exclusively 

on wood of E. obliqua origin but in the current study that was the only eucalypt 

species present. 

 

A high proportion of the small diameter wood in the 1898/1934 and 1898 plots was of 

Pomaderris apetala origin, these two plots being the only ones to have this species 

present either as dead wood or as living trees. Species of wood-inhabiting fungi, e.g. 

Junghuhnia rhinocephala and J. nitida in the current study, were found only on 

Pomaderris apetala. This was also the case for Steccherinum ochraceum and 

Polyporus gayanus. According to Cwielong and Rajchenberg (1995), P. gayanus was 

found associated with branches on standing trees and on the ground in the Nothofagus 

forests of Patagonia and does not appear to penetrate into the stem of the tree but 

rather acts as a natural ‘cleaner’ of branches. It is not host specific in Tasmania as it 

has been isolated from E. obliqua (Hopkins 2007) and reported by Ratkowsky and 

Gates (2002) on eucalypt under the tag name of Polyporus ‘sandy’. In the present 

study, it was found only in the two plots with living and dead Pomaderris, i.e. 1898 

and 1898/1934. The white heart wood rotter Chondrostereum purpureum was only 

found on Pomaderris in the 1898 plot of the current study. Similarly, it has only been 

found on this tree genus in other surveys by the author in Tasmania (see Ratkowsky 

and Gates 1998-2008 unpublished data), although May and Simpson (1997) list it as a 

common wood-rotter of eucalypt. It was found exclusively on Populus tremula 

(decay class 1) in Norway by Andersen and Ryvarden (1999). It usually disappears as 

decomposition progresses as it is a rapid colonizer and highly susceptible to 

replacement by other decay fungi (Rayner and Boddy 1988). 

 

Knowledge of the ecology of the macrofungi found on Pomaderris apetala and the 

properties of P. apetala wood is limited so it is difficult to know which of the two 

factors, wood size or wood species, is responsible for the fungal community. Some 

species of fungi have been shown to prefer corticated and others naked wood 

(Renvall 1995). P. apetala has a very thin, smooth bark compared to E. obliqua; the 

former may present a more favourable surface for colonisation by spores. Most of the 

P. apetala wood was in a low decay stage, which further complicates an 

interpretation of the ecology. However, in this study P. apetala wood provided a 
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substrate for 85 macrofungal species and increased the diversity of wood-inhabiting 

macrofungi (33 species were only found on P. apetala). This is similar to the 

situation in a beech forest (Holec 1992) where the small admixture of spruce and fir 

caused a considerable increase in the number of species although the amount of beech 

wood on the plots was always higher. 

 

Assemblage composition of macrofungi on standing trees, CWD and ODW  

Standing trees has different properties to dead wood (Rayner and Boddy 1988, 

McComb and Lindenmayer 1999). For example, after death, the sapwood begins to 

dry out allowing decay fungi to invade and nutrient transport ceases. The greatest 

number of fungi on standing trees was in the Old growth plot. The living trees in Old 

growth were predominantly N. cunninghamii and Atherosperma moschatum; tree 

species highly susceptible to decay (Gilbert 1959). The high level of decay in the 

living trees was most probably a reflection of the old age of the stand. 

 

Although species richness on CWD, as measured by taxonomic units, was not 

affected by decay class or diameter class, these attributes separately and in 

combination did have a significant effect on species assemblages. Due to the low 

numbers of some of the pieces of CWD in some cells of the data matrix, meaningful 

results were only obtained when decay and diameter classes were combined into low 

vs. high decay classes and small vs. large diameter classes respectively, and plots 

were combined as ‘Mature’ (Old growth and 1898) and ‘Young’ (1934 and 

1898/1934). This maximized any effects and avoided the overlap of the middle 

diameter and decay classes.  

 

The membranaceous corticioids, Phlebia ‘lime/green-yellow’ and Phlebia ‘grey-

pink’, as well as agarics such as Pluteus cervinus, P. atromarginatus and P. ‘grey-

brown, with blueing stipe’ were commonly found on wood in the later decay stages. 

Fukasawa et al. (2009) suggest that the preference of Pluteus spp. for well-decayed 

wood may be due to the wood’s high water content, as indicated by a canonical 

correspondence analysis that they performed. However, they pointed out that the 

wood-degrading abilities of Pluteus spp. have not yet been revealed and thus, they 

were unable to use this genus to explain the preferential holocellulose decomposition 

in the late stages of wood decay of beech (Fagus crenata Blume). Species of 
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Entoloma (E. readiae, E. chrysopus, E. brevispermus, E. haastii) and Hygrocybe 

(H. graminicolor, H. astatogala, H. chromolimonea), which are usually found on soil, 

were also found on wood in the late decay stages as the decaying wood becomes 

more humus-like in texture and chemical composition.  

 

CWD is a very heterogeneous substrate and usually more than one decay stage is 

presented on any one piece (Pyle and Brown 1999). From Table 4.9 it can be seen 

that several species of Mycena, in particular M. interrupta and the Ascomycete ‘white 

disc bruising orange’, were found across the different decay categories which echoes 

von Runge (1975) that there is no strict boundary between fungal groups of allied 

decay classes and that the same species can be found on wood of several decay 

stages. This agrees with von Runge (1975) and Andersen and Ryvarden (1999) that 

the final stage of wood decay is characterized by agaricoid species. It appears that the 

agaricoid macrofungi that inhabit well decayed wood are fleshy, soft-bodied fungi, 

very susceptible to desiccation and need a moist habitat which is supplied by wood in 

the later stages of decay. Each type of woody substrate (CWD, ODW, stags and 

standing trees) supported a different assemblage of species, although there were 28 

overlapping species that were recorded five times or more including species of large, 

woody polypores as well as soft-bodied agarics. This reflects the array of ecological 

niches provided by wood.  

 

Macrofungal assemblages on CWD and the vascular plant community 

The vascular plant community was shown to have a significant effect on the 

macrofungal assemblages found on CWD (Figure 4.18). There is a strong plot effect 

with Old growth separating clearly from 1898/1934 (Figure 4.15). Due to the old age 

of the Old growth plot the tree species diversity was the lowest of the plots with that 

of 1898/1934 being the highest. Much of the CWD in the Old growth plot resulted 

from the climax stand of Nothofagus cunninghamii and Atherosperma moschatum. 

The greater homogeneity of the origin of the CWD in the Old growth plot could mean 

similar wood chemistry and structure, which may be the cause of the strong plot 

effect for the macrofungal assemblages on CWD. 

 

Packham et al. (2002) found a concordance between macrofungal and vascular plant 

communities in mature and regrowth forests (25-30 years) from which they 
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concluded that fire history is a strong determinant of the presence or absence of 

macrofungi. In that study, however, there was no consideration of substrate types. 

Correlations involving substrate type could be more important than fire history and 

clearly need to be investigated. 

 

Phenology of wood-inhabiting fungi 

The three seasons’ concept that the aborigines of northeastern Tasmania used for the 

cool temperate forests proved beneficial to the interpretation of the results of the 

current study. The highest number of species was found in Tunna (Table 4.A5). 

Macrofungal seasonality is synchronised better with the indigenous seasons than with 

those of the European colonists. An indigenous people with exceptional observational 

skills attuned to their environment may have noted the onset of a macrofungal fruiting 

season in combination with other biotic and climatic factors, which contribute to 

these seasonal divisions. At a plot level, 1934 had the lowest misclassification rate for 

CWD when using indigenous seasons (Table 4.1). This steep plot (Table 2.1) had the 

highest percentage of pieces of CWD with low percent bryophyte cover (Figures 3.9 

and 3.10, Tables 3.A9 and 3.A10e) and could take longer to attain the degree of 

moisture needed for fruit body production (25% is generally needed by wood-rotting 

fungi to be metabolically active in wood, according to Gilbertson (1980)). This would 

correspond very well with the onset of Tunna. The higher misclassification rate of 

ODW over all plots (Table 4.3) could reflect the small and irregular size of ODW, 

which would make it more vulnerable to fluctuations of temperature and rainfall, and 

thus the emergence of fruit bodies would be more erratic. The decline in the number 

of macrofungal species on both CWD and ODW in September and October of 2006 

even though the rainfall was high (Figure 4.8) could mean that the mycelial store in 

the wood was exhausted and a period of time was needed to build up the supply 

before fruiting could commence again. Longevity of mycelium needs further 

investigation. 

 

The hard, woody polypores Australoporus tasmanicus, Fomes hemitephrus, 

Ganoderma australe, and Phellinus wahlbergii form fruit bodies that persist for many 

years. The fruit body of these fungi is structured to reduce rates of evapotranspiration 

by increased bulk and hairy or lacquered surfaces (Rayner and Boddy 1988, Webster 

2007). Some Ascomycota species found in the current study, e.g. Hypoxylon bovei, 
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Hypoxylon hians, Hypoxylon diatrypeoides, Hypoxylon howeanum, Xylaria castorea 

and Nitschkia sp., have hard melanised outer crusts (which offer protection against 

ultra-violet radiation) and gelatinized matrices that serve as a water store in dry 

conditions such as can occur in the Tasmanian summer. Such species with persistent 

fruit bodies able to resist desiccation will be present for much of the year including 

the hot dry months of November – March (Tables 4.A9 and 4.A10). However, once 

the spores are discharged, only the shells of the ascoma remain unless new fruit 

bodies are produced. Those species that finished fruiting on CWD at the end of July 

(e.g. Hypholoma brunneum, H. fasciculare and Cheimonophyllum candidissimum) 

and had a resurgence of fruit bodies in October – November may have been 

responding to a rainfall event combined with the fresh accumulation of mycelium. 

 

Polypore diversity and distribution 

Fruit bodies of most polypores are large and clearly visible, and the firm, often 

perennial fruit bodies make for an excellent group on which to focus in ecological 

studies and to study the effects of forestry (Norstedt et al. 2001, Christensen et al. 

2004) and other disturbances either natural or anthropogenic. There were 7 polypore 

species (non-resupinate) commonly recorded in the current study (Table 4.10). In 

Europe, there are approximately 335 known species of wood-inhabiting polypores 

(Siitonen, viewed 2 February 2008) compared to approximately 201 species in 

mainland Australia, 67 from Tasmania (Buchanan 2001 based on Cunningham 1965), 

169 in New Zealand (Buchanan and Ryvarden 2000) and 62 in Patagonia, South 

America (Rajchenberg 2006). There are no absolute reasons for this disparity in 

number of species but lack of host diversity, geographical isolation of the main land 

masses in the Southern Hemisphere and the lack of investigation have been suggested 

(Mario Rajchenberg, pers. comm. via e-mail 12 August 2008). Although it could be 

argued that the relatively low number of polypore species in Tasmania perhaps 

precludes them from being the focal point of a study, it is possible that individual 

species can reflect habitat changes. For example, in Norway the population decline of 

the polypore Phellinus nigrolimitatus was attributed to reduced substrate availability 

as a result of forestry management (Stokland and Kauserud 2004). 

 

In the current study, the polypores Fomes hemitephrus, and Australoporus 

tasmanicus were found predominantly in the two mature forest plots, i.e. Old growth 
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and 1898 (Table 4.10). One record of Australoporus tasmanicus was reported from 

each of 1934 and 1898/1934 but it was obvious that the fungus was occupying a 

legacy log from the predisturbance stand. The fungus was fruiting underneath well-

decayed logs with a thick bryophyte cover and which were most probably of 

Nothofagus cunninghamii origin. The other records of Australoporus tasmanicus 

from the mature forest plots were either on stags of rainforest species, living 

Nothofagus cunninghamii and Atherosperma moschatum trees or dead wood of 

rainforest species origin. Although Phellinus wahlbergii was found in all four plots it 

was restricted to large diameter living trees, CWD, stags and ODW of E. obliqua 

origin. These substrates of large diameter in the 1934 and 1898/1934 (younger 

forests) plots are also biological legacies from a pre-disturbance stand similar to the 

very old decaying Nothofagus that supported the two records of Australoporus 

tasmanicus in the younger forests. The results suggest that these polypores may be 

good indicators of old trees and old forests considered worthy of conservation value 

for aesthetic and ecological reasons.  

 

The high species richness and diverse macrofungal assemblages, which appear to be 

higher than that obtained in any other studies in the world, suggest that wood, in 

particular fallen dead wood, is an important substrate in the southern E. obliqua 

forests and needs to be maintained. The effort that went into obtaining the data in the 

current study was justified by the phenological information obtained. This 

information can be used in planning shorter surveys that will maximise results with 

lesser effort (Gates and Ratkowsky 2009 in press).  

 

Conclusions 

 This study has found that the wood component of the four plots examined, 

which have forests regenerating at different times since wildfire, supports 

different wood-inhabiting fungi. 

 The number of macrofungal taxa would increase with further sampling as 

although this work was the most intensive to be carried out in this area there 

were 12 wood-inhabiting taxa collected from a nearby mature forest (coupe 

WR008J) in a previous study at the Warra LTER site (Gates et al. 2005) that 

were not collected from the plots in this study. 
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 Macrofungal species richness of CWD was affected by length (or surface 

area) but not decay class, diameter or volume. However, species assemblage 

composition was affected by decay class and diameter class, separately and in 

combination, both for mature forest and younger forest. 

 Dead wood of all sizes and in all stages of decay supports a large and diverse 

assemblage of saproxylic macrofungal species. Thus, it is important to 

maintain an array of dead wood in different sizes and decay classes to sustain 

the many species and species assemblages of wood-inhabiting macrofungi 

characteristic of wet eucalypt native forest. 

 CWD supported more species during the indigenous season of Tunna (May-

August) compared to other seasons. 

 The ‘Pomaderris’ and ‘Rainforest’ forest types significantly influenced the 

macrofungal species assemblages on CWD, which reflects their different 

stand compositions. 

 Species richness on CWD was similar in all plots but species assemblages on 

CWD in all plots were different. The species assemblages on ODW were 

similar in 1898, 1898/1934 and 1934 but different to those in the Old growth 

plot. 

 Although this study showed that wood in the wet E. obliqua forests of 

southern Tasmania supports very diverse macrofungal assemblages, the true 

diversity of all higher wood-inhabiting fungi, as defined by Webster (2007), is 

still unknown. 

 The results of this study on wood-inhabiting fungi provide a baseline for a 

more extensive wide-ranging study to investigate the effects of decreasing 

areas of old native forests and the large-scale reduction in the amount of dead 

wood due to natural disturbance such as wildfire, land clearing for agriculture 

and urban development and intensive forest management. 

 




