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ABSTRACT 
 

This study focussed on two components of the forest ecosystem at a small spatial 

scale: coarse woody debris (CWD), defined as fallen dead wood ≥10cm diameter and 

≥1m length, and the macrofungal assemblages found on wood, soil and litter in 

native forest at different times of regeneration since the natural disturbance of 

wildfire.  

 

The CWD on the forest floor and standing dead wood (stags) in four 50x50m plots 

(=1ha total area) with differing wildfire histories in a Eucalyptus obliqua dominated 

native wet sclerophyll forest in southern Tasmania, Australia, were quantified and 

mapped. The CWD volumes obtained were amongst the highest in the world. 

 

Analyses showed that although a plot size of 0.25ha was too small to give an 

accurate measurement of volume, it was large enough to contain dead wood having 

attributes that reflected the stand structure resulting from wildfire disturbance. 

Therefore, a plot’s wildfire history can be deduced from the CWD and stags of a 

0.25ha plot. 

 

The substrates wood (dead wood and standing trees), soil and litter in each plot were 

surveyed for macrofungal fruit bodies at approximately fortnightly intervals for 14 

months. A total of 849 macrofungal species was recorded from 1ha of native forest.  

 

Wood supported 410 species of which 295 were on CWD but not exclusively, i.e. a 

few species were found on CWD and soil or on CWD and litter. The majority of the 

remaining species on wood was supported by ‘other dead wood’ (a category 

containing dead wood that did not fit into CWD), which contained many species not 

in common with those on CWD. 

 

It was concluded that macrofungal species richness on CWD is not affected by decay 

class; however, length or surface area explained between 45-48% of the variation in 

species richness.  
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Of the 495 species found fruiting on soil, 330 were known to be ectomycorrhizal and 

165 were considered decomposers. In addition, 146 species of macrofungi were 

associated with litter. It was found, using temperature and rainfall data, that the 

appearance of fruit bodies is seasonal but not directly attributable to rainfall events. 

There was a better correlation using the indigenous peoples’ concept of three seasons 

than when using the four European-based seasons.  

 

In essence, each plot contained a distinctive mycota, reflecting its chronosequence 

history, site characteristics (e.g. soil type, soil pH) or microclimate. To maintain the 

macrofungal diversity associated with the differing plots, a mosaic of multi-aged 

stands in the managed forest landscape is needed to provide inoculum for the 

reestablishment of macrofungal communities in forests at different times of 

regeneration. In addition, reserves should be as large as possible (at least 1ha) to 

encompass the variability (due to site characteristics, vegetation type, etc.) in the 

forest landscape and the associated macrofungal diversity as evidenced by the 

appearance of fruit bodies. This has particular implications for the silvicultural 

treatment of ARN (aggregated retention) where the retained aggregates provide 

refugia for macrofungal assemblages associated with the pre-treatment forest type. 

The results of the study also suggest that there should be some coupes assigned to 

longer rotations to provide a continuum of dead wood sizes and decay classes in the 

forest landscape, thereby maintaining associated macrofungal diversity.  
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CHAPTER 1. GENERAL INTRODUCTION 
 

Introduction 
Tasmania, the island state of Australia, lies between 40° and 43° 40' south of the 

equator and is separated from the mainland of Australia by Bass Strait. The island, 

with an area of 68,200km2 (=6.82 million hectares), is approximately the same size 

as Sri Lanka and a little smaller than Ireland (Davies 1965). Its climate can be 

described as modified marine Mediterranean. The interesting and varied vegetation 

has been described as austral montane, temperate rainforests and sclerophyll forest 

(wet and dry) (Jackson 1999). In contrast to most regions of the world, Tasmania has 

a large area (77%) of anthropogenically undisturbed native vegetation (Anon., 

CARSAG viewed 12 July 2008). Approximately three million hectares are forested, 

of which 821,000 hectares fall into the category of wet eucalypt forest. Of this, 

392,000 hectares are public lands, managed for multiple uses, including wood 

production (Anon., Forest Practices Authority, Tasmania, viewed 12 July 2008). The 

basic principle of a sustainably managed forest is to integrate the key elements of the 

full forest cycle in the management plan (Christensen and Emborg 1996). As there 

are still abundant natural forests in Tasmania, forest managers can be provided with 

an understanding of the dynamics of pre and post natural disturbances in those 

forests, to assist in developing the best possible protocols for sustainable forest 

management.  

 

Wet Eucalyptus obliqua forest and wildfire 

The most widespread forest type in Tasmania is wet Eucalyptus obliqua forest 

(Public Land Use Commission 1996). The wet eucalypt forest communities of the 

Warra Long-Term Ecological Research (LTER) site in southern Tasmania are 

representative of this forest type (Neyland et al. 2000). They may be categorised as 

“tall open forests”, the trees of which can reach a height greater than 30m and have a 

projective foliage cover of approximately 30-70% (Ashton 1981b). The open nature 

of the canopy allows 50% light penetration, which, in areas of high rainfall, can 

result in a very dense and complex understorey (Ashton 1981b).  
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Wet eucalypt forests in Tasmania need disturbance to regenerate. Removal of the 

litter layer and the destruction of the understorey and canopy allowing increased light 

favour eucalypt seed regeneration (Gilbert 1959). The most common natural 

disturbance in these eucalypt forests is wildfire. The presence of volatile leaf oils, 

production of large amounts of litter, and highly flammable decorticating bark of 

most eucalypt species encourage the spread of fire (Ashton 1981a). After fire, 

E. obliqua trees can regenerate vegetatively by coppicing from epicormic buds under 

the bark on the trunk and belowground lignotubers. This is in contrast to other 

eucalypt species, e.g. E. regnans, which are very dependent on the heat of the fire to 

induce capsule opening and seed release (Gill 1975, Pryor 1976), although in some 

areas such as frost hollows, E. regnans can regenerate without fire (Ashton 1958 fide 

Gill 1975). Individual E. obliqua trees have a life span of approximately 400 years 

(Gilbert 1959). A eucalypt stand at Warra was estimated to be over 450 years old 

(Hickey et al. 1999). In areas where the annual rainfall exceeds about 50 inches 

(=1270mm), or more correctly, where the summer rainfall exceeds two inches 

(=50mm) a month (Jackson 1968b), these eucalypt dominated forests will, as the 

eucalypts die off with age (350-400years) and there is no regeneration, in the absence 

of fire, become climax temperate rainforests. Destruction of the climax temperate 

rainforests by fire leads to regeneration of rainforest as there is no eucalypt seed 

present to regenerate the eucalypt species (Jackson 1968a). A eucalypt forest with a 

rainforest understorey subjected to a fire frequency of once or twice per century will 

develop an understorey characterised by Pomaderris, Olearia and Acacia instead of 

rainforest species (Gilbert 1959). Successive wildfires at frequent intervals of 12-25 

years will convert the forest to hummock-sedgeland on poor soils or sod-tussock-

grassland on more fertile soils (Jackson 1968a). The eucalypts are lost as an 

economic resource and there is a loss or change in the biodiversity associated with 

the E. obliqua dominated forest community. These forests are managed for 

socioeconomic reasons, being the source of high value sawlogs, veneer and pulp as 

well as non-wood products, e.g. water resources, biodiversity, recreational activities 

and honey (Anon., Forestry Tasmania viewed 17 July 2008). The regenerating 

successional forest communities (see Forest Practices Authority 2005) resulting from 

mostly non stand-replacing wildfires (Alcorn et al. 2001, Turner et al. 2009) at 

different times (Hickey et al. 1999, Alcorn et al. 2001) have high structural 

complexity in the standing trees and dead wood. This structural complexity may 

http://www.forestrytas.com.au/assets%20/0000/0226/sfm�
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differ even at the micro spatial scale, (which can be defined as an area of 1m2 – 1km2 

(Anon., Wikipedia, viewed 15 August 2008)), due to the erratic behaviour of 

wildfire. 

 

Wildfires in southern Tasmania’s native forests generate dead wood of varying sizes 

and in many different stages of decay depending on the intensity and the frequency 

of fires. The dead wood input can be immediate with trees falling during the fire or 

gradual with standing dead trees (stags) usually providing the next input of fallen 

dead wood. Large dead wood, technically known as coarse woody debris (CWD), is 

of particular ecological importance (Harmon et al. 1986). E. obliqua trees at maturity 

range in height from 15-90m (Curtis and Morris 1975) and frequently attain a height 

of over 70m (Kirkpatrick and Backhouse 1981). The tallest E. obliqua measured in a 

study at Warra had a height of 64m and a diameter of 305cm at breast height over 

bark (DBHOB) (Scanlan 2007). The tall height combined with a large diameter 

means a high volume of wood is produced in a mature E. obliqua forest. Tasmania’s 

wet E. obliqua forests at Warra support amongst the highest volumes of CWD in the 

world (Woldendorp et al. 2002).  

 

The importance of coarse woody debris 

CWD is an important pool of stored carbon, energy and nutrient elements (Harmon 

et al. 1986). Depending on the size and species of the wood and the conduciveness of 

the climate for decay, these elements can be released steadily over many years. CWD 

provides food and shelter for a large and diverse group of organisms ranging from 

microscopic fungi and bacteria to large mammals and reptiles (see Chapter 3). In 

particular, saproxylic invertebrates (those that spend all or part of their life cycle 

associated with decaying wood) have been shown to be dependent on CWD (e.g. 

Schiegg 2000, Jonsson et al. 2005). The volume input, connectivity (spatial) and 

continuity (temporal) features of CWD are important considerations in sustainable 

forest management (Grove et al. 2002). It is necessary to establish the quantity and 

quality of CWD needed to maintain the saproxylic species that exist in and on CWD 

(Grove 2002). 

 

CWD provides many niches for wood-inhabiting fungi (Siitonen 2001, Andersen and 

Ryvarden 1999, Heilmann-Clausen and Christensen 2003, 2005, Lindhe et al. 2004, 
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Nordén et al. 2004, Allmér et al. 2006). Several decay stages (Pyle and Brown 1999) 

and microclimates (Graham 1925) may exist on a single piece of CWD. A reduced 

volume and quality of CWD in managed forests could reduce the diversity of wood-

inhabiting fungi (Czederpiltz et al. 1999, Sippola et al. 2001, Penttilä et al. 2004, 

2006). 

 

The importance of macrofungal diversity in forest ecosystems 

Macrofungi play vital roles in the processes of nutrient recycling and symbiosis with 

higher plants, and provide medicines (Stamets 2000), hallucinogens (Stamets 1996, 

Letcher 2006) and food (Hall et al. 1998, Christensen et al. 2008, Dell et al. 

www.apafri.org/8thdip/Session%203/S3_Dell.doc) for humans. Furthermore, the 

interaction of macrofungi with other organisms cannot be ignored. Large fruit bodies 

belonging to wood-inhabiting polypore genera, e.g. Phellinus, Polyporus, 

Ryvardenia and Fomitopsis and large fleshy agarics, e.g. Agaricus spp., Amanita spp. 

and boletes, provide food and habitat for invertebrates, e.g. fungus gnats, molluscs, 

slugs, collembolans and coleopterans (Pavoir-Smith 1960, Pielou and Verma 1968, 

Jonsell and Nordlander 2002, Schigel et al. 2006, Schigel 2007). Old growth 

specialist fungi are important for the persistence of specialist insects (Komonen 

2001). In Australia, epigean macrofungi are a food source for wallabies (Leonard 

2007) and hypogean fungi are a food source for many small foraging mammals, e.g. 

bettongs, bandicoots, potoroos and echidnas (Taylor 1992, Donaldson and Stoddart 

1994, Johnson 1997, Claridge 2002, Vernes et al. 2004).  

 

The loss of fungal diversity means that all the main terrestrial ecosystems are 

affected, as the role of fungi in these systems is major and not substitutable (Swift 

2005). Developing effective management protocols to minimise these losses depends 

on knowledge of what is an acceptable habitat loss or population reduction. This 

means a knowledge of the biological function and, in particular, the ecology of the 

individual fungal species (Arnolds 2001, Watling 2005). 

 

The biodiversity and the ecology of macrofungi in native forest ecosystems in 

Australia (and, in particular, Tasmania), is mostly unknown (May and Simpson 1997, 

Watling 2005, Mueller and Schmit 2007). This is due to a lack of taxonomic research 

and researchers capable of undertaking such studies. Australia is also far behind in 
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discovering the macrofungal species, unlike Europe and North American countries, 

which apply a strong taxonomic knowledge of macrofungi to biodiversity studies 

(e.g. Nordén et al. 1999, Rubino and McCarthy 2003, Appelqvist 2008, Nordén et al. 

2008). Most of this knowledge in the Northern Hemisphere has been acquired from 

managed forests and have been implemented by forestry management’s awareness of 

the importance of macrofungi in a forest ecosystem and concern regarding the effect 

of disturbance on these organisms (Durall et al. 2005, 2006, Jones et al. 2003, 2008). 

To assist in the sustainable management of forests, it is necessary to establish 

baseline data regarding the succession of macrofungal communities over time since 

disturbance in native forests. The macrofungal communities associated with wood, 

soil and litter are an important, but poorly researched component of the biodiversity 

of the native wet eucalypt forests of southern Tasmania.  

 

Sustainable forestry 

Sustainable forestry, in simple terms, means maintaining the goods and services that 

humans derive from the forest, now and in the future (Hagan and Grove 1999). 

Sustainable forestry is a challenging issue often involving controversial and opposing 

issues or requirements, e.g. the need to control pests and diseases in commercial 

forest and the negative effects this may have on biodiversity and the environment. 

Maintaining and increasing biodiversity in the tall wet Eucalyptus obliqua L’Hér. 

forest communities of southern Tasmania, where this study was undertaken, will 

ensure that an economic resource with intrinsic values is secured for the future. 

 

Macrofungi and the substrates: wood, soil and litter 

The maintenance of the macrofungal species dependent on dead wood is affected by 

the amount and size of available substrate (e.g. some large bracket fungi have a large 

spatial domain), the species of substrate (e.g. wood species differ in fungicidal 

extractives), the type of dead wood (whether sapwood, heartwood or bolewood) and 

the position of the wood (whether suspended or in contact with the soil). Other 

factors include the dispersal dynamics and combative abilities of the individual 

fungal species. Most fungal spores land within a few metres of the fruit body 

(Malloch and Blackwell 1992); thus, continuity (in time) and connectivity (in space) 

of dead wood could be necessary to maintain viable populations of wood-inhabiting 

Dead wood 
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fungi. Knowledge is needed to assess how many of these fungal species are essential 

to the decomposition process and the long-term consequences of disappearance of 

any of these species. Dead wood is impacted by collection for fire wood (Driscoll et 

al. 2000), tidying up procedures by land owners (G. Gates, pers. obs.), and salvaging 

of ‘waste wood’ from logging operations (Lindenmayer and Ough 2006). 

 

Standing trees may be attacked by many macrofungal species representing various 

functional groups including latent decay agents, pathogens and heart-rot formers 

(Boddy 2001). Some Phellinus and Fomes species enter via the root system or via 

decay points formed by branch breakage. Some of these decay fungi need large trees, 

as such trees tend to have a long infection history and a larger volume of heartwood 

(Heilmann-Clausen and Christensen 2004). If a rotation length is not long enough to 

produce old, large diameter trees, reproductive fruit bodies of the fungus will not 

form and possibly lead to its local disappearance, at least temporarily. As the large 

fruit bodies of the polyporoid heart-rot fungi provide food and shelter for many 

invertebrates (Anderson 2001), these organisms could also be affected by the loss of 

the fruit bodies (Jonsell and Nordlander 2002) and associated rots. Successive stand-

replacing wildfires would have the same effect as short rotations (Tim Wardlaw, 

pers. comm. 2008). However, this is unlikely in wet E. obliqua forests as most fires 

are “non stand-replacing” (Turner et al. 2009) and standing trees remain as survivors 

of previous fires. 

Standing trees 

 

Soil supports the fruit bodies of the ectomycorrhizal species and the decomposers of 

the organic matter of the litter layer. The removal of the ectomycorrhizal host trees in 

a forest ecosystem will mean the loss of these macrofungal species unless substitute 

host trees are available with which to form new symbiotic relationships (see Luoma 

et al. 2004). Many ectomycorrhizal species have been found to be host specific 

(Molina and Trappe 1982, Ishida et al. 2007, Tedersoo et al. 2008). The changes in 

stand composition of the vascular plant community by natural or anthropogenic 

disturbance could lead to the local disappearance of such species unless they are 

capable of forming associations with other host tree species. Many eucalypt species 

are able to survive and regenerate after a wildfire, and so do the ectomycorrhizal 

Soil 
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fungal symbionts. This is evident from species lists of wildfire-disturbed forest sites 

(Robinson and Tunsell 2007, Ratkowsky and Gates unpublished data, 1998-2008), 

which show early coloniser species emerging in the first fungal season of the 

recovery period alongside species considered representative of mature forest. 

Warcup (1991) showed that eucalypt seedlings were producing mycorrhizal 

associations in the first or second year of sowing in regenerating coupes, but these 

associations involved predominantly ascomycetous fungi. There are few 

basidiomycetous early colonisers which occur after disturbance, these being mainly 

species of the genera Laccaria and Hebeloma (Visser 1995, Gates et al. 2005). It 

takes much longer for a new regenerating stand of trees from a logging operation to 

establish pre-disturbance basidiomycetous ectomycorrhizal communities than from a 

wildfire (Visser 1995, McMullan-Fisher et al. 2002, Gates et al. 2005). Multiple 

wildfires in close succession could have the same effect as logging operations if the 

host trees were unable to regenerate, an issue that requires investigation. 

 

The litter layer of intact dead leaves also supports different assemblages of 

macrofungi involved in the litter decomposition in coniferous forests (see Lindahl 

and Boberg 2008). In a fire, litter is the substrate most at risk, as it is very quickly 

consumed.  

Litter 

 

Macrofungal diversity and disturbance 

The capacity of an ecosystem to recover from disturbances, both natural and 

anthropogenic, is termed ecosystem resilience (Anon., Resilience and Sustainable 

Development, viewed 26 April 2008). The resilience of an ecosystem is diminished 

by the loss of biodiversity (Walker 1995), as ecosystem services are enhanced by 

diversity of genes, species and ecological processes (Fischer et al. 2006). The effects 

of this loss of resilience can be gradual and invisible until a critical threshold is 

reached and an irreversible or difficult and expensive to repair state is reached 

(Anon., Resilience and Sustainable Development, viewed 26 April 2008). 

 

Major threats to macrofungal diversity include loss of habitat and pollution (Arnolds 

1988, Watling 2005). Habitat fragmentation is caused by the destruction of large 

tracts of vegetated land by disturbances which may be natural (e.g. wildfires, 
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volcanic eruptions and earthquakes) or anthropogenic (industrialisation, urbanisation, 

large-scale agriculture and intensive forestry over a long period). The emerging 

threat of climate change with predicted changes in weather patterns, increases in 

mean temperatures, changes in patterns of precipitation, increasing incidence of 

extreme climatic events and increasing sea level (Harris et al. 2006), could have 

serious consequences for macrofungal communities. Fruit body appearance depends 

on temperature, precipitation and its timing, soil pH and nutrient availability, as well 

as successional patterns in the vegetation (Watling 1995). It is highly likely the 

effects of climate change could directly include changes in the fruiting patterns of 

macrofungi, whereby they become more irregular with fruit bodies appearing at 

unseasonal times of the year (Watling 2004, Gange et al. 2007). 

 

A healthy forest ecosystem will be able to restore itself after disturbance if an 

adequate potential supply of many fungal species able to perform the same essential 

functions, such as those of decomposition and mycorrhizal symbiosis, is present. 

Enrichment disturbance (Pugh and Boddy 1988), which often results in large inputs 

of organic substrates, is, however, an important factor in causing macrofungi to 

produce fruit bodies and hence spores which are capable of dispersal and 

colonisation of new habitat. Many macrofungi are colonisers after disturbance 

(e.g. Carpenter et al. 1987, Nara et al. 2003), especially that of fire (Petersen 1970, 

Warcup 1981, May and Fuhrer 1989, Dix and Webster 1995, Gates et al. 2005, 

Robinson et al. 2008), helping to ensure species survival and preservation of 

diversity, as many of these species are not present or do not fruit in mature forests. It 

is believed that the disturbed area will recover more quickly if there are undisturbed 

areas in close vicinity that can assist in the restoration process. This is called “Forest 

Influence” and is part of the rationale behind the silvicultural treatment of aggregated 

retention in Tasmania (Forestry Tasmania 2009). It is predicted that the aggregates 

left in a harvesting operation will act as habitat refugia and provide the harvested 

areas with species inoculum from a healthy intact ecosystem (Hickey et al. 2001). 

This system is currently being assessed in Tasmania’s southern wet eucalypt forests 

(Forestry Tasmania 2009). 
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Assessment of macrofungal diversity 

A list of species is one of the most useful products of a classical study on fungal 

diversity (Courtecuisse 2001, Schmit and Lodge 2005). It enables comparison of data 

across sites and among different taxonomic or ecological groups. The catenation of 

species lists from many studies contributes to information regarding geographic 

range, host relationship and ecological distribution of individual species. Not only do 

macrofungal surveys document what species are present in a habitat, they also 

identify what species may be rare and likely to be vulnerable to environmental 

changes (Schmit and Lodge 2005). Fungal inventory studies have the advantage of 

allowing a fast and extensive recording of fungal communities present (Heilmann-

Clausen 2001, Rajchenberg 2006). Patterns of species diversity can be ascertained by 

comparison of fungal communities from different areas as well as large-scale 

biological and environmental factors (such as the effects of disturbance, climate 

change and pollution) that influence the fungal community. 

 

The inherent nature of fungal organisms has hindered the establishment of 

biodiversity sampling protocols necessary to produce quantitative estimates of fungal 

biodiversity. Another difficulty in the use of macrofungal surveys in biodiversity 

studies pertains to the often cryptic and ephemeral nature of fungi, e.g. species of 

Coprinus can appear and disappear within 8 hours (G. Gates, pers. obs., Jindabyne, 

N.S.W., 29 January 2006). Therefore, sampling once per fortnight means that some 

of the more fragile, ephemeral species may be overlooked (Arnolds 1981). 

Additional difficulties include the lack of taxonomic knowledge making 

identification difficult, the failure and irregularity of fruit body production, and the 

dependence on seasonal, climatic, and site vegetation variables. Macrofungal fruit 

bodies, although unpredictable in terms of appearance, are the only method that can 

be used to demonstrate which fungi are reproducing in a particular environment or on 

a given substrate (Schmit and Lodge 2005). This also means that dispersal 

mechanisms and population genetics can be studied from fruit bodies. As the fruit 

body represents only a reproductive stage of a fungus, many more fungal species 

may be present in a vegetative stage. These cannot be accounted for in a study that 

uses fruit bodies to assess biodiversity. Molecular methods can pick up the presence 

of a fungus in the absence of the reproductive fruit body. However, there are no 

primers that can differentiate among functional groups (Newbound 2009) yet, 
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saprotrophs and ectomycorrhizal fungi can respond differently to environmental 

conditions (Peter et al. 2001a, Trudell and Edmonds 2004). In spite of the difficulties 

in monitoring macrofungal biodiversity, it is important to include macrofungi in 

conservation and biodiversity projects because of their role in the functioning of the 

forest ecosystem. The present study was based on classical taxonomy, i.e. the 

collection and identification of fruit bodies in order to add to the knowledge of 

macrofungal ecology in Australia, particularly in the wet E. obliqua forests of 

southern Tasmania. A thorough study of the macrofungi involves much time spent on 

data collection, descriptions and identification of the collections, deposition of the 

voucher specimens, culturing, and the preparation of sample material for possible 

future molecular analysis. 

 

The value of the small spatial study 

Forestry managers in Tasmania are currently evaluating forest ecology at a landscape 

scale, reflecting catchment sizes of the order of 500-1000ha (Tim Wardlaw, pers. 

comm. 2008). The value of the small spatial local scale is that it provides in-depth 

baseline knowledge of an area. It is especially important for threatened specialist 

organisms that may be dependent on a disappearing habitat type, e.g. old growth 

(Komonen et al. 2000, Pentillä et al. 2006). The knowledge accrued from small 

spatial studies in native forests can be used to assess the effect of habitat 

fragmentation on biodiversity. The success of habitat refugia, such as the aggregates 

of the aggregated retention silvicultural treatment, nature reserves and corridors for 

landscape connectivity, can be assessed using the data from a small spatial scale 

study. Heterogeneity at a small scale may indicate heterogeneity at a larger scale and 

thereby allow comparisons for protecting habitat at the landscape scale. Using data 

analysis programs such as Focus (see Holland et al. 2004) and Circuitscape (Anon., 

viewed 11 July 2009), information can be extrapolated to the larger landscape level 

and could reduce the time, labour and travel costs associated with intensive field data 

collection. 

 

Thesis aims 

The specific objectives of the thesis were: 
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• to provide a full census of the attributes of CWD on the forest floor in four 

50x50m plots in a wildfire chronosequence (Chapter 3), as a framework 

within which wood-inhabiting macrofungal assemblages could be examined. 

• to investigate the diversity and ecology of macrofungal species assemblages 

associated with all kinds of dead wood (including CWD, other fallen dead 

wood (ODW) and stags) and standing trees (Chapter 4). 

• to examine the ecology of resupinate wood-inhabiting fungi (Chapter 5). 

• to investigate the diversity and ecology of the macrofungal species 

assemblages associated with soil, i.e. ectomycorrhizal species and 

decomposer species (Chapter 6). 

• to investigate the diversity and ecology of the macrofungal species 

assemblages associated with litter (Chapter 7). 

• to assess the contribution that the macrofungal assemblages on each of the 

above substrates, viz. CWD, ODW, stags, standing trees, soil and litter, make 

to total macrofungal diversity (Chapter 8). 

• to discuss how the results could aid forestry organisations to manage for 

biodiversity values at the small spatial scale (Chapter 9). 

 

Thesis questions 

Questions relating to CWD and stags: 

• Do the volumes and distribution of CWD and stags reflect the stand structure 

in a wildfire chronosequence? 

• Are the attributes of CWD (volume, decay class, diameter, length, area, 

species, % bryophyte cover) related to time since wildfire? 

• Does a 50x50m plot provide a true representation of the quantities and 

qualities of CWD present in a wet E. obliqua forest? 

 

Questions relating to macrofungal diversity on the substrates of wood, soil and litter: 

• Are there changes in macrofungal species richness and diversity with time 

since wildfire and, if so, can an optimum time since wildfire be identified? 

• Is there a relationship between species diversity with CWD characteristics 

such as diameter, length, area and volume at each site, and does the 

relationship depend upon time since wildfire? 
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• How does a single catastrophic wildfire affect macrofungal diversity and the 

succession and structure of a fungal community over time? 

• Are there a species or suite of species faithful to attributes of CWD such as 

decay stage and size, and are they independent of time since wildfire? 

 

Questions relating to forest management: 

• How will any findings from this study influence currently used silvicultural 

procedures (clearfell, burn and sow CBS), or influence alternatives (e.g. 

aggregated retention ARN) under consideration for use, in sustainable 

forestry in Tasmania? 

• What implications will the findings from this study of CWD have on the 

intended harvesting of dead wood in Tasmania as a biofuel for power 

generation (e.g. the Southwood/Newood project)? 

• Should litter and small diameter wood be considered a vulnerable substrate in 

silvicultural treatments? 

 

Thesis structure 

The thesis is structured as follows: 

Chapter 2 is a methodology chapter dealing with the site characterisation: 

• plot establishment, 

• plant communities and mapping of vascular plants, 

• soil (pH, N and P, description). 

Chapter 3 is an analysis and mapping of CWD and stags.  

Chapter 4 discusses macrofungal species richness and species assemblages 

associated with the substrate wood. 

Chapter 5 is an account of the resupinate macrofungi found on CWD and fine 

woody debris. 

Chapters 6 and 7 discuss macrofungal species richness and species assemblages 

associated with the substrates soil and litter, respectively, with the same 

structure as Chapter 4. 

Chapter 8 examines all substrates combined. 

Chapter 9 discusses the implications of current forestry practices on the 

macrofungal diversity associated with wood, soil and litter. 
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The macrofungal sampling methods applicable to Chapters 4-8 are given in Chapter 

4 with some minor adaptations peculiar to substrate type given in each relevant 

chapter. If there is any repetition of ideas and arguments across the chapters, it is a 

result of the unavoidably close integration of the different aspects of the work. 
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CHAPTER 2. SITE CHARACTERISATION, PLOT 

ESTABLISHMENT AND MAPPING OF VASCULAR PLANTS 
 

This chapter contains a description of the site chosen for the study and the rationale 

behind this choice. The plots are described with respect to soil and vascular plant 

communities. Maps of the standing trees with stems ≥10cm diameter are provided 

along with a list of the vascular plant species that included trees and large shrubs, but 

neither small shrubs, grasses nor ground-covering herbs. The numbers of the sedge 

Gahnia grandis and the manfern Dicksonia antarctica were also recorded. Tables 

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

 

Site location for field work 

All field work was conducted in native E. obliqua forest at the Warra LTER (long-

term ecological research) site in southern Tasmania, west of Geeveston. Figure 2.1 

depicts the approximate general location of the site.

  
Fig. 2.1. Warra site location (from http://www.warra.com). 

 

The Warra LTER site is part of a world-wide network of long-term monitoring of 

ecological sites. Half of the site’s area of 15,900ha is State Forest, managed for 

multiple uses. The other half is within the Tasmanian World Heritage Area and is 

managed for conservation (Brown et al. 2001, Corbett and Balmer 2001). The overall 

aim of the Warra LTER site is to study the ecology of wet E. obliqua forest (Rolley 

2001). The importance of this area within which this study was conducted is that it is 

long-term, has links with other LTER sites in different parts of Australia and the 

http://www.warra.com/�
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world and is in native forest subjected to natural disturbance in proximity to areas 

subjected to silvicultural experiments. Thus, the data obtained could be used by 

Forestry Tasmania in assessing the effect of the different silviculture treatments on 

native forest. 

 

Plot selection and names 

Four plots of known fire history were chosen along the ‘Bird Track’ at the Warra 

LTER site (see Figure 2.2). Documented accounts, maps of fire history and fire scars 

on E. obliqua trees were used to determine age since fire (Turner et al. 2007). 

Although it is desirable to have replication, it was very difficult in the tall, wet 

E. obliqua native forest to find true replicates, as experienced by Turner et al. (2007). 

Furthermore, if it were possible to find replicate plots, the length of time and cost of 

labour to survey a statistically meaningful number of plots would have been beyond 

the scope of this project. Replication within each plot would be considered 

pseudoreplication (Hurlbert 1984). The advantages of the ‘Bird Track’ site were that 

it provided plots within walking distances of each other, with the same south-facing 

aspect, that were of a similar forest type, altitude, rainfall and temperature, soil type, 

and resulted from the natural disturbance of stand-replacing wildfires at different 

times. This ensured a high degree of similarity among the plots except for their 

wildfire histories. 

 

The ages of the plots since wildfire had been determined, respectively, as 200-300 

years, 108 years, 72 years and a plot that was burnt twice, i.e. it was within a 108 

year old forest that was burnt again 36 years later. The names given to the plots for 

convenience were Old growth, 1898, 1934 and 1898/1934, respectively. The ‘Old 

growth’ plot referred to a forest that had regenerated for 200-300 years since 

wildfire, and is not to be confused with an ‘old growth’ forest, the latter having 

various definitions, reflecting differing ethical, social and ecological perspectives 

(D. Lindenmayer, Old Forests New Management conference, Hobart, Tasmania, Feb. 

2008). Additionally, it was discovered at the end of the study that the plot ‘1898’, 

believed to have been burnt in 1898, had in fact been subjected to a second fire in 

1934. This fire affected only a portion of the plot so this effect was ignored for this 

part of the study and the name 1898 was retained for that plot. The consequences of 

the second fire are dealt with in the relevant subsequent chapters. ‘1934’ refers to the 
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72 years since wildfire plot and ‘1898/1934’ refers to the plot burnt in both 1898 and 

1934. During the analysis and presentation of graphs 1898/1934 and Old growth are, 

for ease of labelling, sometimes referred to as DB (meaning doubly burnt) and OG, 

respectively. The 1898 and 1934 plots were adjacent (within the buffer zone) to those 

chosen by Dr. P. Turner (1898S and 1934S respectively) for the Wildfire 

Chronosequence Study (Turner et al. 2007); the Old growth plot was 100m away 

from Turner’s old growth plot ‘OGS’ (P. Turner, pers. comm.). The 1898/1934 plot 

had no nearby counterpart in her study.  

 

Figure 2.2 is a magnified portion of the ‘Bird Track’ showing the plot locations. 

 

 
Fig. 2.2. Position of plots along the ‘Bird Track’, Warra LTER site.  

 

Site attributes of Warra LTER 

• Mean annual precipitation for Warra is 1477mm, uniformly distributed 

throughout the year (Anon., Warra viewed 25 April 2007), 

• Mean annual temperature is 7.9ºC, and mean monthly temperatures range 

from 3.5ºC to 12.8ºC (Anon., Warra viewed 25 April 2007), 

• Dominant soils are derived from Jurassic dolerite and derived Quaternary 

slope deposits; however, soils based on Precambrian quartzite and dolomite 

also occur (Laffan 2001), 

• Predominant forest type is wet sclerophyll dominated by Eucalyptus obliqua 

(Corbett and Balmer 2001). 

1898/1934 1898 

1934 

Old growth 

Car park 

500 m 
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Establishment of the four plots 

A 50x50m plot was measured out in each of the wildfire histories. Along two sides 

of the plot at the outer boundaries of A1-E1 and A5-E5, star pickets were placed at 

10m intervals. Fibreglass rods marked the remaining corners of each 10x10m plot. 

Twine was strung from the star pickets up and down the plot but not across. The 

division into subplots measuring 10x10m (Figure 2.3) facilitated the mapping of the 

coarse woody debris and stags (see Chapter 3), soil sampling, and mapping of the 

vascular plants. 

A1 B1 C1 D1 E1 

A2 B2 C2 D2 E2 

A3 B3 C3 D3 E3 

A4 B4 C4 D4 E4 

A5 B5 C5 D5 E5 

Fig. 2.3. A schematic diagram of each 50x50m plot, divided into 25 10x10m 

subplots. 

 

Position and slope 

Latitude/longitude readings are GPS readings taken with a handheld GPS (eTrex® 

Garmin). Slope was assessed in degrees with a handheld Suunto® clinometer. 

 

Determination and mapping of vascular plant community in each of the four plots 

All vascular plant species were identified and named (Anon., Tasmanian Herbarium, 

viewed 18 November 2007). 

 

All living stems ≥10cm in diameter of each woody species were measured with a 

diameter tape and mapped in each subplot of each plot (Figure 2.4). 

 

Soil sampling in each of the four plots 

Each 50x50m plot was sampled in three widely separated subplots. Samples were 

taken using a bucket auger at 0-20cm, 20-40cm and 40-60cm depth at all positions 
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on each plot except for one sample where solid rock was encountered (in one of the 

40-60cm depths in 1898/1934). The soil samples from each depth of the profile were 

placed in appropriately labelled plastic bags and taken back to the laboratory for 

physical description, pH and total phosphorus and total nitrogen analyses. 

• Physical descriptions were done using the Munsell soil chart (Munsell 1992), 

• pH measurements were made following the procedure in Rayment and 

Higginson (1992), 

• Total phosphorus analysis was based on the molybdate blue method of 

Murphy and Riley (1962), 

• Total nitrogen analysis was based on the indophenol blue method of Berthelot 

(1859) (fide Rayment and Higginson 1992). 

 

Results 
The site attributes, viz. position, slope, soil pH, N and P (Tables 2.1, 2.A1 and Fig. 

2.A1) and vascular plant species list (Table 2.2), are presented for each plot 

separately. The distribution in each plot of the vascular plants with stem diameter 

≥10cm is shown in Figure 2.4. 

 

Table 2.1. Site location, slope, soil pH, soil % total N and soil % total P. 

 

 Old growth 1898 1934 1898/1934 
Latitude/ 
longitude 

S 43º 05.6′  
E 146º 38.5′ 

S 43º 05.5′ 
E 146º 38.8′ 

S 43º 05.4′  
E 146º 38.5′ 

S 43º 05.6′  
E 146º 39.0′ 

Slope, º 5.4 8.1 14.8 16.9 
Soil pH 
(average) 

4.7 5.0 4.3 5.6 

Soil % 
total N 

    

0-20cm 0.2406 0.2713 0.2685 0.2971 
20-40cm 0.1248 0.1086 0.1056 0.1427 
40-60cm 0.0672 0.0687 0.0701 0.1069 

Soil % 
total P 

    

0-20cm 0.0210 0.0184 0.0146 0.0184 
20-40cm 0.0144 0.0091 0.0084 0.0100 
40-60cm 0.0091 0.0077 0.0069 0.0086 
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The soil profiles 

The soil profiles (Table 2.A1) are close to two previously described soil types “15.3” 

and “15.4” (Grant et al. 1995), i.e. yellowish brown mottled clayey soils under wet 

forest and red-brown clayey soils under wet forests, respectively. These soil types are 

widespread where annual rainfall is above 1000mm. The soils are derived from 

Jurassic dolerite and Quaternary dolerite talus on low, rolling hills to steep 

mountains. Soil type “15.3” is imperfectly drained and supports wet sclerophyll 

forest containing species such as Eucalyptus regnans, E. obliqua, Pomaderris 

apetala, Olearia argophylla, Coprosma quadrifida and Polystichum proliferum. Soil 

type ’15.4” is well drained and supports wet sclerophyll forest dominated by 

Eucalyptus delegatensis ranging to mixed forest and rainforest with species such as 

Nothofagus cunninghamii, Pomaderris apetala and Gahnia grandis. The important 

rainforest species Atherosperma moschatum present in the current study is missing 

from these lists. The soils found in the four plots appear to be intermediate between 

the soil types “15.3” and “15.4”. 

 

Plant community classification 

Old growth was closest to RAIN-CT1. This forest type is described (Forest Practices 

Authority 2005) as having Nothofagus dominant or common, Atherosperma often 

present and Olearia argophylla sparse or absent. The Old growth plot was dominated 

by Atherosperma moschatum (216 stems) and Nothofagus cunninghamii (189 stems). 

Due to the presence of two living eucalypts it was a mixed forest which is described 

(Gilbert 1959, Wells and Hickey 1999) as even-aged eucalypts present over an 

understorey of rainforest species rather than a true rainforest plot. There were a few 

other rainforest or wet forest species, viz. Eucryphia lucida (8 stems), Acacia 

melanoxylon (5 stems), Anopterus glandulosus (4 stems) and Phyllocladus 

aspleniifolius and Tasmannia lanceolata (1 stem each). Olearia argophylla was 

absent, as was Pomaderris apetala.  

 

Overall, 1898 was closest to WET-OB1000. This category is defined (Forest 

Practices Authority 2005) as Gahnia grandis being sparse or absent, epiphytic ferns 

common, the absence of Anodopetalum biglandulosum and Anopterus glandulosus 

and the presence of Phyllocladus aspleniifolius, and often Olearia argophylla. The 

presence of Pomaderris apetala (193 stems) was indicative of a second fire (see  
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Table 2.2. Live tree species in each plot, number of records and maximum diameters, 

listed in decreasing order of percent basal area of the total. 
Tree species (% basal area) 

Old growth
Eucalyptus obliqua (54.0%) 

: 

Nothofagus cunninghamii (24.9%) 
Atherosperma moschatum (17.7%) 
Acacia melanoxylon (3.0%) 
Eucryphia lucida (0.4%) 
Anopterus glandulosus 
Coprosma quadrifida 
Phyllocladus aspleniifolius 
Pimelea drupacea 
Tasmannia lanceolata 

Total 
1898
Eucalyptus obliqua (66.3%) 

: 

Pomaderris apetala (11.5%) 
Nothofagus cunninghamii (9.3%) 
Atherosperma moschatum (5.7%) 
Acacia melanoxylon (3.6%) 
Olearia argophylla (3.3%) 
Phyllocladus aspleniifolius (0.2%) 
Anopterus glandulosus 
Coprosma quadrifida 
Cyathodes glauca 
Monotoca glauca 
Pimelea drupacea 
Pittosporum bicolor 

Total 
1934
Eucalyptus obliqua (85.7%) 

: 

Nothofagus cunninghamii (6.0%) 
Monotoca glauca (3.5%) 
Acacia melanoxylon (2.2%) 
Acacia dealbata (0.8%) 
Nematolepis squamea (0.4%) 
Phyllocladus aspleniifolius (0.4%) 
Tasmannia lanceolata (0.3%) 
Pittosporum bicolor (0.2%) 
Cyathodes glauca (0.1%) 
Eucryphia lucida (0.1%) 
Anopterus glandulosus (0.1%) 
Atherosperma moschatum 
Coprosma quadrifida 
Pimelea drupacea 

Total 
1898/1934
Eucalyptus obliqua (73.9%) 

: 

Pomaderris apetala (17.2%) 
Acacia melanoxylon (3.5%) 
Eucryphia lucida (2.2%) 
Nothofagus cunninghamii (1.6%) 
Atherosperma moschatum (0.5%) 
Phyllocladus aspleniifolius (0.4%) 
Olearia argophylla (0.3%) 
Acacia verticillata (0.1%) 
Anopterus glandulosus (0.1%) 
Coprosma quadrifida (0.1%) 
Cyathodes glauca (0.1%) 
Aristotelia peduncularis 
Monotoca glauca 
Pimelea drupacea 
Pittosporum bicolor 
Tasmannia lanceolata 

Total 

 
No. of records 

2 
189 
216 
5 
8 
4 
5 
1 
11 
1 

442 
 

19 
193 
86 
50 
10 
37 
4 
2 
5 
1 
2 
8 
1 

418 
 

40 
167 
174 
18 
5 
2 
22 
29 
2 
32 
3 
33 
3 
7 
7 

544 
 

39 
832 
13 
78 
155 
18 
54 
17 
3 
29 
28 
29 
4 
2 
20 
1 
11 

1333 

 
Maximum diameter, cm 

350 
110 
80 
80 
35 
5 
6 
1 

1.5 
1.5 

 
 

300 
27.5 
65 
50 
60 
34 

18.5 
1.5 
4.3 
1 

7.5 
1 
7 
 
 

230 
35 
21 

32.5 
31.5 
25.5 
15.5 
12.5 
23 
8.5 
18 

11.5 
3 

2.5 
1.5 

 
 

250 
25.5 
70 
36 
33 

17.5 
27 
9.5 
12 
10 
5 
7 
3 
1 
1 
3 

6.5 

Note: All four plots contained Dicksonia antarctica and Gahnia grandis (see Table 2.A3). 
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Unwin and Jennings 2006) which affected the boundaries of this plot. WET-OB1000 

sites are usually more fertile than WET-OB1001 sites. 

1934, which had no Pomaderris apetala, was closest to WET-OB1100. This forest 

type is defined (Forest Practices Authority 2005) as Gahnia grandis being common, 

epiphytic ferns sparse or absent, Eucryphia lucida, Phyllocladus aspleniifolius, 

Anodopetalum biglandulosum or Anopterus glandulosus common, and the sparse 

presence or absence of Pomaderris apetala, Olearia argophylla, Nematolepis 

squamea and Acacia verticillata.  

 

1898/1934, which contained a large number (832) of stems of Pomaderris apetala, 

was the most difficult to fit to any of the given forest types. It was closest to WET-

OB1001, which occurs on humid slopes and gullies on less fertile sites than WET-

OB1000 (Forest Practices Authority 2005). WET-OB1001 is characterised by the 

absence or sparseness of Gahnia grandis and Olearia argophylla. Epiphytic ferns are 

usually common and Eucryphia lucida, Phyllocladus aspleniifolius and Anopterus 

glandulosus are present. The anomalies in this plot included the large number of 

Gahnia grandis plants (132) and the presence of Olearia argophylla (17 stems). 

 
Distribution of the vascular plants 

The positions of all living stems ≥10cm in diameter of all tree species found in each 

plot were mapped in Figure 2.4(a-d). These maps visualize the vegetation differences 

among the four plots. The higher tree density of 1898/1934 compared with the other 

three plots is evident. 

 

Determining the presence of a second fire in the 1898 plot 

A survey of the numbers of living stems of each of the vascular plant species at a 

subplot level in all four plots revealed that the subplots of the 1898 plot varied 

considerably in the composition of their vascular plants (see Figure 2.4b). That 

schematic diagram of all living vegetation with stems ≥10cm shows clearly that there 

is a broad area running diagonally from the upper right-hand corner of the plot to the 

lower central area of the plot that is virtually devoid of P. apetala. In its place are 

stems of rainforest species. The areas of the 1898 plot that had been burnt by the fire 

in 1934 were mainly a broad area in the upper left-hand corner and a somewhat 

smaller area in the lower right-hand corner. The second fire meant that the 1898 plot, 
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or at least parts of it, was in reality a ‘twice burnt’ plot with similarities to the 

1898/1934 plot. As the second fire in 1898 had not encroached over the whole of the 

plot, this meant that the subplots could be divided into those that were burnt twice 

and those that had escaped the second fire in 1934 and had vegetative elements 

characteristic of a more mature forest. The existence and the extent of the second fire 

were further determined using: 

• the diameter distribution of living Pomaderris apetala stems in 1898 and 

1898/1934 plots, 

• growth rings on cores taken of Pomaderris apetala in 1898 and 1898/1934, 

• the diameter distribution of living E. obliqua stems in 1898, 1898S (Turner 

study), 1934, 1934S (Turner study) and 1898/1934. 
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Fig. 2.4(a-b). Maps of the tree species with stems ≥10cm in diameter for Old growth and 1898 (see Table 2.2 for the full species names). 
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Fig. 2.4(c-d). Maps of the tree species with stems ≥10cm in diameter for 1934 and 1898/1934 (see Table 2.2 for the full species names). 
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The frequency distribution of the diameters of living Pomaderris apetala stems is 

shown in Figure 2.5. 
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Fig. 2.5. Frequency and diameter class distribution of living Pomaderris apetala 

stems in (a) 1898 and (b) 1898/1934. (Note: the entry for diameter class refers to the 

class end-point in centimetres, e.g. class 2 signifies 1<D≤2cm, etc.). 

 

The diameters (at breast height over bark) of the living Pomaderris trees in the 1898 

and the 1898/1934 plots range from 3.5 to 27.5cm and 1.5 to 25.5cm, respectively. It 

is clear from Figure 2.5 that the distribution of diameters for 1898 is shifted upwards 

with respect to that for 1898/1934, with the mean, median and mode for 1898 (mean 

11.2, median 10.5, mode 11.0) being higher than the corresponding statistics for 

1898/1934 (mean 7.7, median 7.0, mode 5.0). However, the growth rings of the cores 

that were sampled ranged from 40-72 years regardless of the diameter of the tree, as 

can be seen in Figure 2.6. 

 
Fig. 2.6. Cores of Pomaderris apetala with different diameters but having the same 

number of growth rings. 
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Figure 2.7 displays the frequency distribution of the diameters of living E. obliqua 

trees with diameters ≥10cm. Three plots (1898, 1934, 1898/1934) come from the 

present study, and two (1898S, 1934S) from unpublished data of P. Turner (pers. 

comm.). 
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Fig. 2.7. Frequency and diameter class distribution of living E. obliqua trees in the 

1898, 1934 and 1898/1934 plots and two adjacent plots (1898S and 1934S) of 

P. Turner (Note: 15 refers to the mid-point of the diameter class 10-20cm, 25 refers 

to the mid-point of the diameter class 20-30cm, etc.). 

 

The bar graphs for the 1898S (Turner), 1934 (Gates) and the 1898/1934 (Gates) plots 

show similar diameter distributions for the living E. obliqua trees. 

 

Discussion 
Individual plot characteristics  

The Old growth site was situated near a creek with a gentler slope than the other 

three plots (Table 2.1), being for the most part in a small depression at the bottom of 

a slope. The site appeared wetter (this plot had surface water lying in one of the 

subplots (D1) for most of the survey period) and more sheltered, especially when 

compared to the steeper, more exposed plots 1934 and 1898/1934. The 1898 plot also 

bordered a creek and had less of a slope than the 1934 and 1898/1934 plots (Table 
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2.1). 1898/1934 had the most uniform steepness; 1934 was more variable with 

subplot slopes ranging between 7-28º (Table 2.A2). The two older plots were easier 

to negotiate than the younger plots, which had a considerable amount of Gahnia 

grandis (Table 2.A2) and small trees, viz. Monotoca glauca for 1934 and 

Pomaderris apetala for 1898/1934 (Table 2.2). All plots had E. obliqua trees present, 

yet each plot had a distinct plant community with 1898 sharing elements with 

1898/1934 and Old growth. P. apetala colonises after disturbance. However, there 

was none present on the 1934 plot, which also differed from the other three plots 

with a more acidic soil pH and lowest % total soil P (Figure 2.A1). Acacia dealbata 

was present only in the 1934 plot (Table 2.2) and is indicative of the fire disturbance 

ca. 70 years ago (Gilbert 1959); however, it was not found in 1898/1934. Acacia 

melanoxylon was present in all plots in decreasing numbers with age since wildfire. 

It was closely associated with the subplots containing large numbers of living 

Pomaderris stems in the 1898 and the 1898/1934 plots. The presence of P. apetala in 

the 1898 plot suggested a second fire may have passed through the forest and this 

was verified by the number of annual growth rings present in the cores taken from 

the stems of living Pomaderris trees. The succession of a plant community after 

disturbance is a factor of many variables including time since disturbance, soil types 

and microclimates. Overall, there was a considerable amount of within site variation 

with regard to soil, slope and vegetation. The Old growth plot appeared to be the 

most homogeneous as regards these factors. 
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CHAPTER 3. COARSE WOODY DEBRIS AND STAGS 
 

Introduction 
Volumes of coarse woody debris and numbers of stags are two of the attributes used 

to measure stand structure and which provide quantitative evidence of habitat that 

can be used in biodiversity studies (McElhinny et al. 2005). This study on coarse 

woody debris and stags was prerequisite to the study of macrofungi and in itself has 

provided valuable baseline data from a native wet Eucalyptus obliqua dominated 

forest. 

 

In a forest ecosystem, dead wood consists of all dead natural structures of woody 

plant origin. This includes dead roots, stumps, and fallen tree trunks, standing dead 

trees (stags), branches and twigs. Dead wood may be categorized into coarse woody 

debris (CWD) (Harmon et al. 1986), fine woody debris (FWD) (Nordén et al. 2004) 

and very fine woody debris (VFWD) (Küffer and Senn-Irlet 2005a). The dividing 

measurement between classifications is arbitrary, and no globally accepted limits 

have been agreed to, as the nature of any one study appears to dictate the chosen 

delimiters. In this study, CWD was defined as dead wood ≥10cm in diameter and 

≥1m in length. Other dead wood (ODW, a term devised by G. Gates 2006) included 

all pieces of dead wood <10cm diameter or <1m length as well as small stumps, 

lumps, fragments, and small shards. That is, except for stags, the definition covers all 

dead wood that failed to meet the criteria for CWD.  

 

The ecological importance of dead wood 

Dead wood in forest ecosystems has been recognised for some time as being an 

important provider of different ecological niches and attendant biodiversity and as a 

sink of the forest carbon pool (Stokland and Sippola 2004). The pioneering works of 

Townsend (1886), Adams (1915), Graham (1925) and Savely Jr. (1939) examined 

the ecology of insects in dead wood. Adams (1915) also investigated the 

macrofungal community on dead wood. However, apart from the above-mentioned 

works, there are very few references in the literature pertaining to dead wood prior to 

Harmon et al. (1986), who wrote a chapter on the ecology of coarse woody debris in 

temperate ecosystems. A year later, the role of the tree in the ecology of a forest was 
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described as a continuing one after death and after falling (Franklin et al. 1987). 

Natural mortality of a tree occurs due to ageing and suppression caused by 

competition as the stand develops after disturbance. The disturbance may be natural, 

e.g. windthrow, wildfire, earthquakes or anthropogenic, e.g. harvesting for timber 

and firewood. The quantity of dead wood input into the ecosystem following any of 

these disturbances may be large and immediate as with a catastrophic event or a 

more gradual temporal process, which may be seasonal, annual or long-term 

(Harmon et al. 1986). Spatial input may be within stands or across landscapes and 

catchments. Most inputs of dead wood occur at the local scale (e.g. within one tree 

length of source) but ecological processes based on dead wood habitats can operate 

at a range of scales. Evidence is mounting to show that wood-inhabiting organisms 

are being subjected to growing habitat pressures due to an increased level of human 

disturbance. Knowledge of the natural dynamics of dead wood provides important 

baseline data that can be used for developing and evaluating strategies to lessen this 

pressure (Jonsson 2000). 

 

Concerns over the conservation of biodiversity and dead wood as an important 

component of the forest ecosystem have grown steadily in importance since the early 

1990’s. The majority of works have been done in the Fennoscandian forests of 

northern Europe and in the Pacific Northwest coast forests of America. In Finland, it 

is estimated that 4,000 to 5,000 macrofungal and invertebrate species are considered 

to be dependent on dead wood at some stage of their life cycle (Siitonen 2001). 

Many papers document the role of dead wood in the maintenance of many species of 

organisms (e.g. Harmon et al. 1986, Franklin et al. 1987, Stevens 1997, Siitonen 

2001, Lindenmayer et al. 2002, Woldendorp et al. 2002, Grove et al. 2002, Grove 

and Meggs 2003, Wu et al. 2005). Woldendorp and Keenan (2005) found that 

downed woody detritus in native and plantation forests was the subject of 66 

Australian studies to the year 2002, of which 29 examined the biomass of CWD on 

the forest floor. Studies on the ecological value of dead wood commenced in 

eucalypt forests in Australia in the mid-late 1990’s. 

 

The following is a brief summary of the qualitative results that are generally 

applicable to CWD and stags in any forest ecosystem. CWD and stags provide: 
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• habitat, shelter and protection for birds, bats and mammals of considerable 

size as well as the smaller vertebrates such as frogs, reptiles, rodents 

(Olszewski 1968, Barnum et al. 1992). Tree hollows form breeding nests and 

dens, logs form runways and basking platforms, the dead branch wood of 

stags provides perches. In Australia, stag cavities are of importance for over 

400 species of vertebrates and many more species of invertebrates (Gibbons 

and Lindenmayer 1996, Lindenmayer et al. 2002). 

• sites of social interactions, e.g. territorial behaviour in skinks and Antechinus 

spp. Male velvet worms use CWD as a site to seek out a female mate 

(Barclay et al. 2000). 

• a nutrient source directly for xylophagous organisms (Johansson et al. 2006), 

e.g. mites and beetles and indirectly, by harbouring small invertebrates as 

food for foraging animals such as birds, echidnas and small carnivores 

(MacNally et al. 2002).  

• structural value in helping stop erosion on slopes and forming a barrier 

whereby soil and forest detritus such as leaf litter and fine woody debris can 

collect (Wu et al. 2005) creating a substrate for invertebrate and small 

mammal burrowing (Maser et al. 1988). 

• a moisture reservoir both internally and externally if the piece of CWD is 

resting on the soil, thus helping preserve habitat for plants and animals 

dependent on stable moist environments (Amaranthus et al. 1989) such as 

cryptogams. In the southern forests of Tasmania, at least 59 bryophyte 

species are supported by E. obliqua logs (Jarman and Kantvilas 2001). 

• nursery logs for seedlings of higher plants (McCullough 1948, Harmon and 

Franklin 1989, McKenny and Kirkpatrick 1999) and refugia for 

ectomycorrhizal fungi (Kropp 1982a, 1982b, Tedersoo et al. 2003). 

O’Hanlon-Manners and Kotanen (2004) have suggested that the reason why 

seedlings establish on these nursery logs is that the pathogenic fungi in the 

soil are unable to colonise the wood. In addition, the moist conditions of the 

piece of CWD may keep ectomycorrhizal tips alive during a period of 

drought and ready to be activated when conditions were wetter and more 

favourable for fungal activity. Seedling growth may be enhanced if the 

seedlings were on the wetter CWD.  
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• a sink for carbon and other elements. The numbers of studies that examine 

carbon storage, decomposition rates and release of nutrients back into the 

environment have increased in anticipation of changes due to global warming 

and climate change (e.g. Lambert et al. 1980, Cooper 1983, Brown et al. 

1996, Laiho and Prescott 2004, Wilcke et al. 2005, Gough et al. 2007). 

• maintenance of diversity of epixylic and saproxylic species involved in the 

decomposition processes that release nutrients back into the biosphere. 

Elements are also returned to the soil via the pathway of epixylic fungi 

sloughing off the CWD and decomposing into the forest floor, thereby 

releasing significant amounts of nitrogen, potassium and phosphorus 

(Harmon et al. 1994, Stevens 1997, Edmonds and Lebo 1998). Yee (2005) 

found 360 beetle species associated with E. obliqua logs; Gates et al. (2005) 

identified 126 species of epixylic macrofungi on wood at the Warra LTER 

site in Tasmania. 

 

Eucalypt forests, fire and CWD 

In Australian eucalypt-dominated forests, fire is the major cause of large-scale 

natural disturbance. Wildfires vary in type (Luke and McArthur 1978), intensity (Gill 

1997), size, frequency and homogeneity (Ashton 1981a), resulting in differing 

starting points for new stand development. New stand development is also a function 

of the biology of the dominant eucalypt species. For example, E. obliqua has the 

ability to regenerate from both seed and below-ground lignotubers (Blake and 

Carrodus 1970). The ensuing forest stand can be multi-aged as the trees have the 

ability to survive multiple fires (Alcorn et al. 2001, Turner et al. 2009). They differ 

from the E. regnans dominated wet sclerophyll forests, which can only regenerate 

from seed and, following intense wildfire, form even-aged stands (Ashton 1976b). 

 

It is rare that a wildfire event removes all structural elements from a previous stand 

(Lindenmayer et al. 1990). Although the greatest input of dead wood will be directly 

from the fire, standing dead wood (stags) can remain for many decades after the 

wildfire event and provide a gradual input of CWD. Heat input and the resulting 

tissue damage from the fire can be responsible for the decay trajectory in a standing 

tree, leading to tree mortality and another input of CWD. This volume could be 
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considerable, given the large size that can be attained by individual E. obliqua trees 

(Chapter 1), although not as great as the scenario where several large trees are killed 

and fall to the ground immediately following the fire. A further input of CWD will 

be from the suppression mortality in the ensuing stand regeneration. Small, 

suppressed individuals of E. regnans usually only survive 20-30 years after seedling 

establishment, being killed by drought, insect and fungal attack or any combination 

of these factors (Ashton 1976b). This leads to a significant input of small diameter 

CWD in an E. regnans forest. 

 

Tasmania has amongst the tallest forests in the world, responsible for amongst the 

highest amount of CWD on the forest floor in the world (Woldendorp and Keenan 

2005). Non stand-replacing wildfires occur more frequently than stand-replacing 

wildfires in the wet E. obliqua forests of southern Tasmania (Alcorn et al. 2001, 

Turner et al. 2009). This has resulted in a mosaic of multi-aged forest stands of 

largely unknown dead wood complexity. Volume, size structure and distribution of 

CWD in forests are directly affected by forest management (Spies et al. 1988). A 

study (Meggs 1996) found that volumes of CWD remaining after logging native 

forest at least matched, and in some cases exceeded, those in unlogged forest in wet 

eucalypt forest in south eastern Tasmania but this was due to large diameter legacy 

CWD, which according to Grove et al. (2002) would not be present in subsequent 

rotations of 80-100 years. In another study in Tasmanian E. obliqua forests, Sohn 

(2007) found that although a 40-year-old forest regeneration following the 

silviculture treatment CBS (clearfell, burn and sow) and an old growth study plot 

contained the highest volume of CWD, the decay stages of the CWD were differently 

apportioned between the two plots.  

 

There is generally a lack of knowledge regarding log accumulation rate, rates of log 

decay and differences in the volume and decay status of logs in Australian managed 

and unmanaged forests (Lindenmayer et al. 2002). Such lack of knowledge makes it 

difficult to determine how long it may take logged areas to recover to pre-harvesting 

levels and to plan for ecologically sustainable forest management (Lindenmayer et 

al. 2002). Leaving amounts of CWD after logging and even enhancing the amounts 

are suggested for sustainable management of CWD in Tasmanian wet eucalypt 

forests (Grove et al. 2002, Grove and Meggs 2003).  
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The aim of this study on CWD and stags was originally to identify pieces of CWD 

and stags to be surveyed regularly over a given period of time to assess the 

macrofungal assemblages associated with and supported by CWD and stags and the 

effect of disturbance on these macrofungal assemblages. It soon became evident that 

this study on CWD and stags could address another important question specific to the 

ecology of CWD and stags in relation to wildfire. This was done by: 

• characterising, 

• quantifying, and  

• mapping the CWD present in different stages of forest succession, following 

the natural disturbance of wildfire in a Eucalyptus obliqua dominated forest 

in southern Tasmania. 

 

As well as providing a framework for the study on macrofungi, this study on CWD 

and stags will also address whether the pattern of production of CWD and stags in 

the wildfire chronosequence plots is consistent with the patterns expected from our 

understanding of stand dynamics in eucalypt forests. 

 

Methods and Analyses 
The four sites were characterised according to soil and vascular plant community 

(see Chapter 2). The following two sections describe the mapping and measurement 

of the CWD and stags, providing data for statistical analyses. Tables and figures 

whose names contain the letter ‘A’ are in Appendix 1. 

 

Mapping and measuring CWD and stags 

Grids were prepared using graph paper with a scale of 1mm equal to 10cm. The grids 

were laminated for protection and were usable in wet weather. Harmon and Sexton 

(1996) recommended that a 10cm diameter cut-off point be chosen to separate fine 

from coarse woody debris (CWD). At the time of the CWD measurement (2006), 

Forestry Tasmania used the 10cm diameter cut-off as its standard, although in 2008, 

it changed the delimiters to 40cm diameter and 1m length. Therefore, CWD was 

defined to be all pieces of dead wood ≥10cm in diameter and ≥1m in length, and 

were mapped and numbered and their attributes recorded. This included suspended 
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pieces of wood and stumps, as well as wood on the forest floor. Shards from fallen 

trees were mapped as separate pieces of CWD, as they needed to be identifiable for 

the macrofungal survey. It was decided to include all species of wood in the study, as 

one of the aims of the project was to gather as much data as possible on the diversity 

and ecology of macrofungi in these forests, which included wood-inhabiting 

macrofungi on wood other than that of E. obliqua origin. CWD was consecutively 

numbered within each subplot. If a piece of CWD traversed two or more subplots, its 

length was measured at the boundary of the subplot and it was numbered as a 

separate piece of CWD. This facilitated mapping at a subplot level and enabled 

summary statistics to be made at that level. These pieces of CWD became composite 

pieces in the final maps; the composite pieces were then traced onto plain tracing 

paper to eliminate the lines of the graph paper and scanned. 

 

The following attributes of each piece of CWD and stags were recorded, these being 

the measurements used in Chapter 4 for establishing relationships between 

macrofungal richness and length, diameter, decay class, bryophyte cover and various 

derived variables such as volume and surface area: 

• CWD length (cm) measured in each 10x10m subplot, with branches not being 

distinguished from main trunks. 

• CWD diameter (cm) measured at mid-piece of CWD using a tape measure. 

Pieces of CWD were put into the following diameter classes for analysis: 

≤15cm, 15-30cm, 30-60cm, 60-90cm, 90-120cm, 120-150cm, >150cm. These 

classes were of most interest to Forestry Tasmania (Simon Grove, pers. 

comm.) as it related to a previous study by Yee (2005). 

• decay class based on exterior appearance. Forestry Tasmania currently uses a 

5-point system for CWD of E. obliqua origin. The current study investigated 

CWD originating from all vascular plant species present in the plots. A 

pioneer study prior to the commencement of the field work by G. Gates 

revealed that there were problems and ambiguities associated with classifying 

the decay using the 5-point system as devised by Webber (2006) (Table 

3.A1). The classification of Webber (2006) in itself presented difficulties in 

decay classification, e.g. the inside of a fallen E. obliqua can be completely 

rotted away yet leaving a very hard outer casing. For the current study, a 9-
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point system (Table 3.A2) was devised to accommodate different wood 

species and to try to overcome the problems associated with the unevenness 

of the interval between decay classes 3 and 4. If a piece of CWD had more 

than one decay class, an average was taken (after Pyle and Brown 1999). 

• percent bryophyte cover. This was a visual estimate of the percentage of the 

exposed surface of the piece of CWD that was covered with bryophytes. 

• species of CWD when determinable by external appearance of bark if 

present. In late decay stages, identification in the field was extremely 

difficult. 

• stags were given an estimated height, a measured diameter at breast height, 

an estimated decay class (Table 3.A2), an estimated percentage bryophyte 

cover, and assigned to species where possible. The stags were identified and 

mapped predominantly for the survey of macrofungi. Only the volume of 

stags ≤5m was calculated, as the height of stags >5m was considered to be 

estimated inaccurately. For stags, the decay classification used to assess 

fallen dead wood was modified appropriately, following Cline et al. (1980), 

Spies et al. (1988) and Motta et al. (2006). 

• stumps were measured for decay class, height and mid diameter (i.e. the 

diameter mid-way between ground and top of stump). 

• projected area was calculated as the diameter multiplied by the length. 

 

Statistical analyses 

The majority of the statistical analyses used were of a descriptive nature rather than 

those that test strict hypotheses. However, regression analyses of various response 

variables were carried out against time, using age of plot since wildfire as the 

variable representing time. Therefore, even though there was only a single replicate 

of a plot with a given fire history, the use of hypothesis testing was not excluded. All 

analyses of the data in Chapter 3 were done on the original pieces of CWD, not the 

composite pieces. This meant that the data could be analysed at a subplot level. 

 

The attributes and derived attributes of CWD were quantified using the following 

methods: 

• calculating total volumes, using volumes at a subplot level, 
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• examining the total numbers and volumes of pieces of CWD as a function of 

decay class, 

• examining the number of pieces of CWD as a function of diameter, 

• examining the percent bryophyte cover of pieces of CWD as a function of 

decay class, 

• examining the percentage of pieces of CWD in each decay class for each plot 

separately, 

• examining the percentage of pieces of CWD in each diameter class for each 

plot separately, 

• examining the percentage of pieces of CWD in each bryophyte cover class 

for each plot separately, 

• examining the CWD volume (m3) as a function of decay class and diameter 

class, 

• examining the number of pieces of CWD as a function of decay class and 

diameter class, 

• examining percent bryophyte cover as a function of decay class and diameter 

class, 

• estimating projected area of ground cover (m2) provided by the pieces of 

CWD in each plot. 

 

Stags were examined in the following way: 

• calculating the numbers of stags and their attributes, 

• examining the stag diameter distribution in each plot, 

• examining stag numbers as a function of decay class, 

• examining the percent bryophyte cover of the stags. 

 

CWD volumes were calculated to obtain a measure of the amount of dead wood in 

each plot using the formula for the volume of a cylinder (Volume = πd2L/4 where 

πd2/4 is the area of a circle, with d = diameter, and L = length of the piece of CWD).  

Volume of CWD per subplot and per plot 
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Bar graphs were used to depict volume and number of pieces of CWD as a function 

of decay class, diameter and percent bryophyte cover for all plots combined and for 

each plot separately. Cumulative percentages were used to express frequency 

distributions. The advantage of cumulative percentage over cumulative frequency is 

that it provides a way to compare sets of data that have different sample sizes, e.g. in 

the present study, where the number of pieces of CWD differ from plot to plot. 

Bar graphs 

 

A box and whisker plot (Anon., ‘R’ programme, viewed 29 July 2007) was used to 

display the distribution of projected area of CWD in each plot. 

Projected area 

 

The above procedures (bar graphs, box and whisker plots) examine one variable at a 

time. Stokland (2001) devised the CWD profile tables in which two variables are 

considered simultaneously. Volume and pieces of CWD, as the response variables, 

were plotted against decay class and diameter class simultaneously as 3-dimensional 

graphs. As it was difficult to view percent bryophyte cover as a 3-d graph, the 

response variable percent bryophyte cover was graphed versus decay class for each 

of four diameter classes, viz. 0<30cm, 30-60cm, 60-120cm and >120cm (classes 60-

90cm and 90-120cm were combined, as were 121-150cm and 150cm because of the 

small numbers of pieces of CWD in these categories). 

Profile tables 

 

Results 
The mapping of the CWD and stags 

In total, 965 pieces of CWD and 97 stags were categorised and mapped at a subplot 

level within each of the four plots, each plot having a different wildfire history. The 

maps at the subplot level were then concatenated into maps at a plot level, and Figure 

3.1 depicts the resulting composite 814 pieces of coarse woody debris as well as the 

stags (represented by circles) in each plot. There were 227 pieces of composite CWD 

in Old growth, 138 composite pieces of CWD in 1898, 212 composite pieces of 

CWD in 1934 and 237 composite pieces of CWD in 1898/1934. The orientation and 

spatial distribution of CWD pieces and stags has been captured in the maps of Figure 
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3.1, given the limitations imposed in depicting a three-dimensional spatial picture in 

two dimensions. The maps show that the 1898 plot had less pieces of CWD than any 

of the other plots, with a greater amount of clear space. The arrangement of CWD 

appears random within any plot, with no suggestion of clumping. However, no 

statistics were done on spatial arrangement. 

 



  

 40 

 

      

   
Fig. 3.1. CWD maps for the four plots at the Warra Bird Track. 
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Total CWD volume of four plots on the Bird Track 

Table 3.1 summarises 25 subplot CWD totals arranged in increasing order by volume 

within each plot (Old growth, 1898, 1934, 1898/1934), showing total volumes. At the 

13th value in the ordered list of volumes, the median value for that plot, the 1898 plot 

has the largest volume of CWD, followed by the 1934 plot, then the 1898/1934 plot, 

with the Old growth plot having the least. Note that although the median volume for 

Old growth is lower than that for 1898/1934, the former plot has a higher total 

volume. This is because the four highest ordered subplot volumes for Old growth are 

much larger than those for 1898/1934.  

 

Table 3.1. CWD subplot volumes and total plot volumes. 

 Volume, m3 

Ordered subplot  OG 1898 1934 1898/1934 
1 0.627 0.429 0.261 0.263 
2 0.634 0.551 1.233 0.371 
3 0.722 0.557 1.564 0.768 
4 0.853 1.340 1.690 1.187 
5 1.319 1.844 2.181 1.405 
6 1.598 6.744 2.202 1.975 
7 1.607 7.131 3.117 2.169 
8 2.151 8.377 5.215 3.128 
9 2.184 8.811 5.587 3.833 
10 2.496 11.890 6.398 3.890 
11 3.233 12.891 7.960 4.427 
12 3.267 12.955 9.349 6.142 
13 3.715 13.534 9.680 6.707 
14 6.520 13.585 10.218 7.151 
15 7.386 14.295 10.478 7.724 
16 7.558 16.467 10.607 8.459 
17 8.420 17.003 12.165 8.752 
18 11.122 18.858 12.229 10.307 
19 11.809 19.144 13.918 10.892 
20 12.523 21.082 16.995 11.094 
21 13.760 21.517 18.001 11.359 
22 19.812 27.253 18.757 12.177 
23 20.926 28.672 25.634 13.643 
24 30.863 30.848 30.227 16.380 
25 34.359 45.939 37.065 21.098 

Total volume, m3 209.462 361.717 272.729 175.302 
Total volume/ha 837.8 1446.9 1090.9 701.2 

 

The following graphs depict attributes of pieces of CWD from the four plots 

combined. 
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Number of pieces of CWD, and CWD volume (m3), as a function of decay class 

(Figure 3.2 and Table 3.A3) 

There are 622 pieces of CWD in decay class 3 and 3.5 combined. There is an abrupt 

increase in CWD volume of ca. 1m3 occurring between decay classes 2.5 to 3 with a 

gradual decline thereafter. This suggests a pulse of input of CWD. The apparent 

troughs in decay class 1.5-2 and at decay class 4 may reflect random variation, 

artificial class boundaries or both. 
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Fig. 3.2. Number of pieces, and average volume (m3) of CWD vs. Decay class, with 

standard error bars shown. 

 

Average diameter (cm) of pieces of CWD as a function of decay class (Figure 3.3 

and Table 3.A4) 

Pieces of CWD in the decay classes 3 to 5 have a larger average diameter than those 

in the smaller decay classes. 
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Average CWD diameter vs. Decay class
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Fig. 3.3. Average diameter (cm) pieces of CWD versus decay class, with standard 

error bars shown. 

 

Average percent bryophyte cover of pieces of CWD as a function of decay class 

(Figure 3.4 and Table 3.A5) 

Bryophyte cover increases as decay class increases. 
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Fig. 3.4. Average percent bryophyte cover versus decay class, with standard error 

bars shown. 
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The following graphs depict attributes of pieces of CWD from the individual plots 

(rather than the overall totals as in the previous graphs). 

 

Percentage of pieces of CWD in each decay class for each plot separately (Figure 

3.5 and Table 3.A6) 

The distribution shifts to more advanced decay stages with increasing time since 

wildfire disturbance. 
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Fig. 3.5. Percent of pieces of CWD in each decay class. The percentages add up to 

100% for each plot separately. 

 

Percentage of pieces of CWD in each diameter class for each plot separately (Figure 

3.6 and Table 3.A7) 

For each plot, the highest percentage of pieces of CWD is in the 0-30cm class. For 

Old growth, that diameter class contains 76% of the pieces of CWD, in contrast to 

1898, which has only ca. 60% in that diameter class, but almost 10% in the >120cm 

diameter class.  
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Percentage of CWD in each diameter class
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Fig. 3.6. Percentage of pieces of CWD in each diameter class (Note: diameter class 

30 represents 0-30cm; diameter class 60 represents 31-60cm, etc.). 

 

Percentage of pieces of CWD in each bryophyte cover class for each plot separately 

(Figure 3.7) 

The 1934 plot, which dominates the lower cover classes, has the least bryophyte 

cover, whereas Old growth, with 20% of its cover in the 100% cover class, tends to 

have more bryophyte cover than the other plots. This suggests that percent bryophyte 

cover is increasing with time since wildfire, in which case it would be expected that 

1898/1934 would have the lowest cover, whereas it has the second highest. 
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Bryophyte cover distribution
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Fig. 3.7. Percentage of pieces of CWD in each bryophyte cover class for each plot 

separately where 0<% bryophyte ≤10; 10 <% bryophyte ≤20; 20 <% bryophyte ≤30; 

etc. 

 

CWD profile (after Stokland) 

The following graphs consider two explanatory variables, decay class and diameter 

class simultaneously, showing volume, pieces of CWD, or percent bryophyte cover 

as the response variable (Figure 3.8(a-d) and Table 3.A8). 
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Fig. 3.8(a-d). Volume of CWD (m3) versus decay class and diameter class (cm).
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In Old growth, 63.6% of the total CWD volume of that plot occurs in the 

combinations of the decay classes 3.5 and 4 with diameter classes >60cm. Compared 

to Old growth, the 1898 plot has its highest volumes in slightly lower decay classes, 

with 67.6% of its total CWD volumes occurring in the combination of decay classes 

3 and 3.5 with diameter >90cm. Like 1898, the 1934 plot has its predominant 

volumes in decay classes 3 and 3.5 combined with diameter >90cm, these 

combinations accounting for 69.9% of the plot volume. The 1898/1934 plot has a 

different pattern of CWD volume from the other three plots, its volume being 

concentrated in the middle decay classes and the medium diameters, the combination 

of decay classes 3 and 3.5 with diameters >30cm and ≤120cm accounting for 60.0% 

of that plot’s total volume. 

 

The number of pieces of CWD versus diameter class and decay class are shown in 

Figure 3.9(a-d) and Table 3.A9. Figure 3.9 shows that more pieces of CWD occur in 

the small diameter classes than in the large diameter classes, which is the reverse of 

CWD volume (Figure 3.8), where large diameter CWD contribute to volume 

disproportionately to their numbers. Another feature is that there are no pieces of 

CWD >60cm diameter in decay classes <3 in any of the plots, and 1934 is the only 

plot with CWD >30cm diameter in these low decay classes. In general, CWD in Old 

growth and 1898/1934 occur in fewer decay class/diameter class combinations than 

in 1898 or 1934, but there is no marked variation in CWD distribution in the four 

plots. 

 

The percent bryophyte cover for various decay class/diameter class combinations is 

shown in Figure 3.10(a-d) and Table 3.A10. The most notable feature is that the 

percent bryophyte cover is lower for small diameter class wood (D≤30cm) than it is 

for higher diameter classes in virtually all decay classes. There is also the tendency 

for bryophyte cover to increase with increasing decay class in this small diameter 

class, but it is not consistent in the larger diameter classes. Generally, though, percent 

bryophyte cover is at least 50% for all diameters >60cm for all decay classes. 
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Fig. 3.9(a-d). Number of pieces of CWD versus decay class and diameter class (cm).
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Fig. 3.10(a-d). Percent bryophyte cover vs. decay class and diameter class. 
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Projected cover of CWD (Figure 3.11) 

The 1898/1934 plot had the smallest range of projected area of ground cover (m2) for 

pieces of CWD, reflecting the small number of large diameter logs in that plot. Old 

growth had the second smallest range. Both 1898 and 1934 had outlying points 

(small circles) in consequence of several large diameter (>120cm) logs that resulted 

in very large surface areas. The median is similar for three of the plots but very much 

lower for Old growth, emphasizing the skewness of the CWD distribution for that 

plot. 

 
Fig. 3.11. Box and whisker plots of projected areas (m2) of CWD in each plot. 

 

Stag numbers and attributes (Table 3.2) 

The 1934 and Old growth plots have the greatest number of stags, with 1898 having 

the least. The 1898/1934 plot has stags with the highest average diameter (due to 4 

stags >1m diameter) followed by Old growth. Although 1934 has the greatest 

number of stags (34), most of them (28) are in the smallest diameter class (0-30cm). 
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The youngest stands, 1934 and 1898/1934, have 16 and 12 E. obliqua stags, 

respectively, in contrast to the mature forests, 1898 and Old growth, which have only 

one E. obliqua stag each. The identifiable stags in Old growth are mainly of 

Nothofagus cunninghamii, Atherosperma moschatum and Acacia melanoxylon, 

typical rainforest species. 1898 has a similar proportion of rainforest species and 

unidentifiable species to Old growth, although in much lower numbers. 

 

Table 3.2. Number and attributes of stags in each plot. 

  Plot   
 OG 1898 1934 1898/1934 Total 
No. of stags 33 10 34 20 97 
Ave. DBH, cm 48.3 39.9 28.5 50.2 40.9 
DBH≤30cm 16 5 28 14 63 
30<DBH≤60cm 11 4 5 2 22 
60<DBH≤90cm 4 1 0 0 5 
DBH>90cm 2 0 1 4 7 
No. of stags with height 

<5m 17 5 7 5 34 
Vol. (m3) of stags with 

height <5m 20.8 1.8 1.0 10.9 34.5 
No. of Eucalyptus obliqua 1 1 16 12 30 
No. of Nothofagus, 

Atherosperma or Acacia 16 4 4 0 24 
No. of unidentified 

species  16 5 14 8 43 

 

Diameter distribution and stag numbers (Table 3.2 and Figure 3.12) 

Noteworthy features are the single large diameter stag in 1934, and the contrast 

between the four large trees and the remaining small diameter ones in 1898/1934. 

The plots that most closely follow the trend of an exponential decrease of numbers 

with increasing diameter are Old growth and 1934. The stag distribution of 1898 

changes in a more linear fashion. In 1898/1934, the four eucalypt stags with 

diameters >100cm sharply contradict this trend. 
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Fig. 3.12(a-d). Diameter distribution of stags (all species) in the four plots.
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Stags and decay class (Figure 3.13 and Table 3.A11) 

The majority of stags are in decay class 3 for all four plots. The two mature plots 

(OG and 1898) have a similar spread of stags with the second highest number of 

stags in decay class 4. In contrast, the two younger plots (1934 and 1898/1934) have 

their second highest number of stags in decay class 2. 
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Fig. 3.13. Number of stags per plot, by decay class. 

 

Percent bryophyte cover of stags (Figure 3.14 and Table 3.A12) 

Compared to Old growth, there is very little bryophyte cover in any of the other three 

wildfire sites. 
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Fig. 3.14. Stag numbers in bryophyte cover classes. 

 

Discussion 
The results portray a detailed examination of the CWD and stags in a native 

E. obliqua forest landscape present at a moment in time in the regeneration of the 

forest after the natural disturbance of wildfire. A full census of forest floor CWD has 

been achieved for a very small portion of native forest (1ha) in a wet sclerophyll 

E. obliqua forest. The results of this study include CWD and stags from all tree 

species that were present in the four plots at different stages of stand regeneration 

and are not confined to E. obliqua. This is in contrast to other studies from Tasmania 

(Yee 2005, Hopkins 2007, Stamm 2006, Webber 2006), where E. obliqua was the 

sole species studied. 

 

Variations in volumes of CWD and decay classification in each plot 

The volumes obtained from the studies by Woldendorp (2002), Sohn (2007) or Gates 

(the present study) in plots along the ‘Bird Track’ at the Warra LTER site do not 

agree closely with each other (Table 3.A13). This discrepancy in volumes is 

probably due to a combination of chance and the small size of the study area. A 1m 

wide path separated the 1898 plot in this study, which produced the highest amount 

of CWD (1446.9m3/ha), from the 189S used by Sohn (2007), which even though it 
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was revealed at a later stage that the plot had been burned in 1934, produced a much 

lower volume (376m3/ha). However, this volume was still much lower than the 

1898/1934 plot of the current study (701.2m3/ha). If the three very large E. obliqua 

trees that fell in close proximity to each other in the 1898 plot of the present study 

had fallen sideways into the adjacent plot instead of downhill, then the volumes 

could well have been more similar. Although a study by Spies et al. (1988) in 

Douglas-fir forests of the Pacific Northwest in Oregon and Washington found the 

volume of CWD to be highest in an old growth forest, this was not the case in the 

current study. Douglas-fir forests are coniferous forests and have different decay 

characteristics to Eucalyptus forests, reflecting differences between the structure of 

gymnosperm wood and angiosperm wood (Schwarze et al. 2000, Boddy 2001). As 

the volume of CWD in a native forest is determined by site productivity, the 

decomposition rate of dead wood and the disturbances that affect the input rate and 

stand succession (Harmon et al. 1986), climatic and site differences in addition to 

wood species are likely to account for differences with studies in other forest types. 

The lack of agreement among the results from other studies is not unexpected. The 

wide variation in space and time in the creation of CWD leads to sampling 

difficulties, although it was anticipated that the chronosequence (space for time) 

framework of this study would ameliorate the time problems. The massive size and 

irregular shape of some of the pieces of CWD of E. obliqua origin encountered in the 

plots also resulted in inaccuracies in measurement. The trunk of a standing tree is 

neither perfectly conical nor cylindrical and the base of the standing and fallen tree 

can be highly irregular and distorted in shape with buttressed roots and cavities. 

Thus, the tree may not taper gradually from the base but may be more abrupt in the 

transition from base to main shaft. In retrospect, this implies that perhaps the 

base/buttress should be measured separately from the main length of the trunk. 

Although Harmon et al. (1986) suggest that the volume of irregularly shaped pieces 

can be estimated by displacement of water, this could only be practical for fine 

woody debris, or small coarse woody debris, given the logistical problems associated 

with the size of these irregular pieces. Estimation of volume is difficult especially as 

‘the settling process’ commences and the piece of CWD assumes a more flattened 

shape, becoming less cylindrical (Harmon et al. 1986). In addition, much CWD may 

be partially buried, making quantitative assessment unrealistic. This suggests that 
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work should be done on improving methodology, especially in native forests in 

Tasmania.  

 

Hopkins (2007) suggested that decomposition has already commenced in the 

standing E. obliqua tree prior to death and/or falling. At 105 years of age, a mature 

E. obliqua individual could have a diameter >70cm depending on the site 

characteristics, e.g. soil fertility, water availability, canopy cover and whether the 

tree is a dominant or co-dominant (Alcorn et al. 2001). Although a mature E. obliqua 

tree could already be in decay class 3 at time of falling, very large diameter CWD 

(>100cm) of E. obliqua origin could take 300 years or more to decay in the cool, wet 

conditions of southern Tasmania (Grove et al. 2009). This suggests that truncating 

the decay class continuum of E. obliqua into a few categories (even though nine 

decay stages were used) is a compromise solution to a more complex real situation. 

Often anomalies would arise as species of trees with different bark characteristics 

have differing decay trajectories (Sollins 1982). For example, a piece of CWD of 

Nothofagus cunninghamii could appear solid with bark entire until poked or kicked, 

which would reduce it to dust. Pomaderris apetala could be very firm to the touch, 

with bark intact, never losing its outer layer, yet riddled with decay columns and 

bearing many external macrofungal fruit bodies. This suggests that different decay 

systems should be devised for CWD from different vascular plants. 

 

Relationship between CWD, stags and stand dynamics of each plot 

There are two sources of coarse woody debris: the predisturbance stand and the 

current stand (Spies et al. 1988). In the four plots chosen for this study, the 

immediate input of CWD was likely to have been a result of tree mortality following 

a severe stand disturbance caused by wildfire. The ensuing gradual input could have 

been from mortality caused by disease, suppression and competition, insect attack, 

and windthrow. Succession and change in tree species composition affects the 

amount and quality distribution of CWD (Siitonen et al. 2000). In the long absence 

of fire and in areas where the rainfall exceeds 1270mm (Jackson 1968b) the eucalypt 

dominated forests will, as the eucalypts die off with age and there is no regeneration, 

become temperate rainforests. 
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The Old growth plot was clearly an old, even-aged, mixed forest (see Gilbert 1959, 

Wells and Hickey 1999). It showed floristic simplification with a preponderance of 

mature rainforest species and two very large surviving eucalypts (Table 2.2, Figure 

2.4). Only one stag in Old growth was of E. obliqua origin, compared to 32 stags of 

rainforest species (Table 3.2). There were large gaps in the canopy caused by the 

death of the large eucalypt trees. Atherosperma moschatum was occupying the 

canopy gaps to the exclusion of Nothofagus cunninghamii (Gilbert 1959). It was 

difficult to determine the species of the CWD in Old growth, especially the small 

diameter pieces in a high decay class, as the outer bark was missing, the bark being 

the most distinguishing external feature that could have made them identifiable. 

Pieces of CWD in Old growth had the highest percent bryophyte cover of all the 

plots (Figure 3.10a), as did the stags (Figure 3.14, Table 3.A12). This was directly 

related to decay class of the wood, i.e. as the decay class increased so did the percent 

bryophyte cover (Figure 3.4). There was a large percentage (22%) of the total 

number of pieces of CWD in the high decay classes (4-5) and of small diameter, i.e. 

≤30cm in Old growth, compared to the other three plots (Table 3.A9b). This is 

consistent with branches breaking out of declining eucalypt crowns and with the tops 

of stags of the rainforest species which tend to be of smaller diameter than eucalypt 

stags. In addition, CWD of Nothofagus cunninghamii and Atherosperma moschatum 

origin decays quicker than E. obliqua (Gilbert 1959). The lack of large diameter 

CWD in high decay classes (Figure 3.6, Tables 3.A7 and 3.A9b) suggests that the 

age of the plot was such that the CWD resulting from the death and falling of the 

original mature eucalypt stand had rotted away.  

 

The CWD of E. obliqua origin contributing to the large volumes in 1898 plot in the 

present study is likely to have resulted from trees killed by an intense stand-replacing 

(or almost so) fire either immediately falling due to the fire or afterwards as a result 

of wind or disease. The regenerating forest has had sufficient time for suppressed 

trees to die and fall to the ground, resulting in the bi-modal diameter class 

distribution of CWD (Figure 3.9b). This plot had the lowest percentage of pieces of 

CWD of diameter ≤30cm (Table 3.A9c). An intense crown fire is likely to have 

consumed the crown branches or damage them so that they would decay very 

quickly, resulting in a reduced number of small pieces of CWD. In addition, the plot 

was not old enough to produce any quantity of smaller diameter stags of rainforest 
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origin as in the Old growth plot. Although it was determined after the study was 

completed that this plot was affected in places by the 1934 fire, complete stand 

replacement did not occur due to the patchiness of that fire and this is reflected in the 

stag diameter distribution (Figure 3.12(a-d)) and the vascular plant community 

structure (Table 2.2). The stags in 1898 plot were of varying diameters (Figure 

3.12b), which is characteristic of a mature coniferous forest (Neitro et al. 1985). 

 

The 1934 plot had high volumes of CWD (Figure 3.8c and Table 3.1), reflecting that 

sufficient time has elapsed for most of the previous stand killed by the wildfire to fall 

to the ground. The tendency for the CWD to be of a slightly lower decay class (Table 

3.A8d) compared with the 1898 plot (Table 3.A8c) is consistent with the shorter time 

interval that the CWD has been on the ground. Bryophyte cover of CWD was the 

least in the 1934 plot (Figure 3.7, Figure 3.10c, Table 3.A10), which could also be a 

reflection of the shorter time interval that the CWD has been on the ground. 

Alternatively, conditions in the steeper 1934 plot may not have been conducive to 

bryophyte growth. The high number of small diameter eucalypt stags in the 1934 

plots reflects suppression mortality in the regenerating stand. The diameter (DBH) of 

the living tree of a stand depends on individual site characteristics (Ashton 1976b). 

The 1934 site is steep (which implies a higher rate of water runoff) and of lower soil 

pH than the other three plots (see Table 2.1), which could also result in trees of small 

diameter (Ashton 1976b, Anderson and Ladiges 1978). These trees upon death would 

result in small diameter stags and eventually small diameter CWD. An interesting 

comparison between 1898 and 1934 is that a higher proportion of the suppression 

mortality of the regenerating stand was still standing in the 1934 plot (after 72 years), 

whereas it had largely fallen over in the 1898 plot (after 108 years).  

 

The twice-burnt plot (1898/1934) had the smallest volume of CWD. This is 

consistent with the expected combustion of significant amounts of CWD generated 

by the 1898 wildfire and the subsequent 1934 wildfire. Alternatively, perhaps the 

large diameter trees that were killed by the fire did not fall immediately following the 

fire but remained as stags which survived the second fire as reflected in Figure 3.12d. 

This would result in reduced volumes, unlike the 1898 plot where the large trees did 

fall and accounted for the highest volumes of CWD in any of the three plots. Any 

small diameter stags due to suppression mortality in the stand regeneration following 
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the first fire are likely to have become small diameter CWD that would be either 

consumed by the second fire or become CWD in a higher decay class if they escaped 

the fire. The small diameter stags (Figure 3.12d) in this plot result from suppression 

mortality in the regenerating stand following the second fire. This is a similar 

situation to the 1934 plot (Table 3.2) where the small diameter eucalypts have arisen 

because of stand suppression and mortality following a single wildfire event.  

 

There was a lack of uniformity even within this small spatial study due to varying 

topographic and site attributes in a natural forest landscape. The irregularity and 

varying intensity of a wildfire burn further contributed to heterogeneity within the 

plot. Subplots (10x10m) situated over a depression in the steeper and drier 1934 and 

1898/1934 plots often had pieces of CWD in a more advanced stage of decay with 

more bryophyte cover and a vascular plant community more representative of Old 

growth than the plot of which it was a part. This is where the fire may have burned 

back or leapt over the depression leaving the small area unburned. In spite of this 

lack of homogeneity, the stand dynamics of a small area could be linked to decay 

class, volume and number of pieces of the stags and CWD. 

 

Summary 
This study on CWD and stags was limited by time, which meant that the study was a 

compromise in some areas, e.g. stag height was not measured accurately and it was 

difficult to determine species of wood in the later decay stages. However, it was 

found that: 

• the total volume in each plot is comparable with some of the highest figures 

obtained from overseas studies (Woldendorp et al. 2002).  

• a few pieces of CWD of very large diameter in the middle decay classes 

provide the majority of the total volume of CWD.  

• the attributes decay class and diameter may be affected by individual site 

characteristics as well as age since wildfire.  

• a plot size of 50x50m is large enough to obtain a cross section of CWD in 

decay classes and size representative of a native forest at different stages of 

regeneration since wildfire. However, it is not large enough to make 



 Chapter 3 – CWD and stags 

 61 

meaningful comparisons of volumes of CWD with different fire histories in 

Tasmania’s tall wet eucalypt forests.  

• even though E. obliqua is the dominant eucalypt species most prevalent in the 

wet sclerophyll forests of southern Tasmania and is of great economic 

importance to the forest industry, the other tree species should not be ignored, 

as they are an integral part of the CWD component of the forest ecosystem in 

the wet eucalypt forests. The fact that they are a different species means that 

they have different modes of decomposition and offer different decay stages 

and different sized wood, attributes which have proved to be of importance in 

many studies on CWD and biodiversity. 

• different decay classifications of CWD and stags should be devised for 

different species of wood.  

• methodology for measuring Eucalyptus CWD volumes and estimating decay 

class needs to be standardised to allow comparisons among studies.  

 

Conclusions 
• The study determined trends in CWD across a wildfire chronosequence that 

can be tested in broader region-based studies or monitoring programs.  

• Valuable baseline data on CWD in Tasmanian wet eucalypt forests have been 

established, although more information could have been obtained from this 

study if it had been possible to age the CWD and determine the wood species 

in the later decay classes.  

• These results can be compared to past and future studies in this eucalypt 

forest ecosystem and other eucalypt ecosystems in Australia and other forest 

types in different parts of the world.  

• The baseline data can be used to compare the effects of natural and 

anthropogenic disturbances on native wet eucalypt forests, which will assist 

in sustainable forest management and help assess carbon sequestration in 

Tasmania’s wet eucalypt forests.  

 

The CWD maps and analyses of the parameters provide the framework for the 

following chapter, which examines the macrofungal assemblages and correlates the 
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macrofungal diversity with the attributes of the CWD associated with dead wood at a 

level that has not been done in Australia until this study.
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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
pr

-0
6

M
ay

-0
6

Ju
n-

06

Ju
l-0

6

A
ug

-0
6

Se
p-

06

O
ct

-0
6

N
ov

-0
6

D
ec

-0
6

Ja
n-

07

Fe
b-

07

M
ar

-0
7

A
pr

-0
7

M
ay

-0
7

Ju
n-

07

Month and year

N
o.

 o
f m

ac
ro

fu
ng

al
 s

pe
ci

es
 

0

5

10

15

20

25

30

A
ve

ra
ge

 m
ax

im
um

 te
m

pe
ra

tu
re

 (C
) o

r 
to

ta
l m

on
th

ly
 ra

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

0%

20%

40%

60%

80%

100%

0 1 2 3 4 5 6 7 8 9 10 >10

No. of species of macrofungi per piece of CWD

Pe
rc

en
ta

ge
 in

 e
ac

h 
m

ac
ro

fu
ng

al
 

fr
eq

ue
nc

y 
ca

te
go

ry

L>10m
9<L<=10m
8<L<=9m
7<L<=8m
6<L<=7m
5<L<=6m
4<L<=5m
3<L<=4m
2<L<=3m
L<=2m

 

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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a) 

Species richness vs. Surface area of CWD
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Fig. 4.14a. Macrofungal species richness vs. surface area of CWD. 

 

b) 

Species richness (as a percentage) 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. 

CAP-CDA analysis, CWD, Axis 2 vs. Axis 1
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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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CAP-CDA, Old growth 
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Fig. 4.17a. CAP-CDA on Old growth using all types of wood. 

 

CAP-CDA, 1898 
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Fig. 4.17b. CAP-CDA on 1898 using all types of wood. 

 

CAP-CDA, 1934
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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. 

 

CAP-CDA, all plots combined 
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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 

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. 

Mature forest (Old growth plot combined with 1898 plot) 

 

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 

 

 

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). 

Younger forest (1934 and 1898/1934 plots combined) 

 

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 

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.  

Mature forest (Old growth plot combined with 1898 plot) 

 

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). 

 

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, 

Younger forest (1934 and 1898/1934 plots combined) 
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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 
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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. 
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CHAPTER 5. RESUPINATE FUNGI FOUND IN THE WET 

EUCALYPT FORESTS OF SOUTHERN TASMANIA 
 

This chapter is a preliminary account of the largely unknown and undescribed 

resupinate wood-inhabiting fungi from the Warra LTER site in Southern Tasmania. It 

is not a taxonomic treatise, as this would involve more intensive morphological 

studies and accompanying molecular work beyond the scope of this study. The term 

‘resupinate’ refers to those fungi that produce a flat fruiting body mostly adpressed to 

the substrate, as opposed to protruding bracket or stipitate fruit bodies. It has no 

taxonomic significance but rather has ecological consequences with regards to niche 

occupation. The use of the term ‘resupinate fungi’ refers to both corticioid and 

polypore fungi but no phylogenetic connection is to be inferred. 

 

Introduction 
What are corticioid fungi? 

The term ‘corticioid’ means resembling a member of the genus Corticium, which is 

the type genus for the family Corticiaceae (Larsson 2007). The term came into usage 

as a result of an attempt by Donk (1964) to classify the Aphyllophorales 

(homobasidiomycetes without gills) into well-defined families. It is not a taxonomic 

group but rather represents a classification of a group of fungi that are 

morphologically similar and grow mainly on wood, but others grow on ferns 

(Hjortstam and Larsson 1997), stems and leaves of living plants and the bark of living 

trees (Breitenbach and Kränzlin 1986).  

 

Corticioid or ‘crust’ wood-inhabiting fungi are a cosmopolitan group of fungi that 

look very similar to the naked eye until one examines them under a hand lens or 

dissecting microscope, thereby revealing their diverse hymenial surfaces that are 

described as poroid, hydnoid, tuberculate, grandinoid, furfuraceous, toothed (simple 

and phalanged), merulioid and stereoid. The effused fruit bodies can be formed 

appressed to the surface of the substrate or they may be slightly reflexed at the fruit 

body margin or disc-like. There is substantial mycelial growth below the surface of 

the fruit body which can extend far throughout the substrate. The spore-bearing fruit 

bodies vary in texture and size. They may be very thin and cobwebby (arachnoid), 
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felty, pellicular, ceraceous, gelatinous or firm and corky. They may be sub-visible and 

appear as a greyish bloom and cover a small area of the substrate or they may be a 

very bright colour or cover a very large part of a fallen tree. Some species cause tree 

diseases and others decompose logging slash (Jung 1987). They are able to colonise 

woody substrates of all sizes from small thin twigs to very large diameter coarse 

woody debris and in all stages of decay. 

 

Fine woody debris (FWD) vs. CWD as a niche for resupinate fungi 

FWD, because of its small diameter, is more susceptible to the effects of extremes of 

temperature and moisture levels, resulting in fragmentation and quick decomposition. 

Therefore, FWD rarely exists in high decay classes in Tasmanian wet forests. 

Comparatively, CWD offers a more stable environment for fungal growth and would 

be favoured by those fungi with larger fruit bodies that take a longer time to develop. 

The large underside of CWD would provide a moist expanse of woody substrate to 

colonise by those fungi prone to dehydrating. Spore dispersal of corticioid fungi is 

likely to be aided by the fungus fruiting on FWD, as animals are more likely to 

disturb the smaller pieces of FWD rather than the larger, heavier pieces of CWD. If a 

fungus is fruiting on FWD, there is probably a greater chance of spores adhering to 

the animal or insect and be moved long distances to another location. 

 

The effuse fruit bodies of corticioid fungi do not require a large spatial domain. Thus, 

they are able to occupy the ecological niche provided by small diameter wood 

(Junninen et al. 2006). The fruit bodies of many species often show some anatomical 

feature that is an adaptation to desiccation and rehydration as a result of inhabiting a 

substrate prone to such conditions. The development of a catahymenium with 

probasidia deeply sunken in a dense layer of dendrohyphidia as seen in many species 

of the family Corticiaceae (including species of Corticium and Dendrothele) appears 

to be such an adaptation (Larsson 2007). The basidia develop from a round, resting, 

bladder state to mature basidia very quickly after rain. Many species of the genus 

Aleurodiscus inhabit dry, attached branches and possess very large spores and 

basidia. The large spores landing on dry branches need an ample supply of nutrients 

in order to produce hyphae capable of penetrating quickly and deeply into the wood 

where the hyphae will be protected from drought (Núñez and Ryvarden 1997). These 

large basidiospores could enable these species to establish themselves in ecological 
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niches with little competition from other basidiomycetous macrofungi (Núñez and 

Ryvarden 1997). Some corticioids, e.g. Schizopora paradoxa, have chlamydospores 

and other thin, filmy species, e.g. Peniophora spp., show a rapid resumption of 

activity under moist conditions (Rayner and Boddy 1988). The thin, filmy species 

occupy a very thin part of the wood so that the whole life cycle from latent infections 

to fructifications is quite rapid. A visible fruit body can appear only a few days after 

the first minute fructification (Nils Hallenberg, pers. comm., e-mail 11 March 08). 

Genera with gelatinized hyphae such as Radulomyces and Phlebia can dry out and 

rehydrate very quickly. The possession of hyphal structures such as asterosetae, 

metuloids and binding and skeletal hyphae (as possessed by members of the 

Lachnocladiaceae) add toughness to the fruit body and aid in protecting the fruit body 

from desiccation and physical damage. Such species are able to inhabit more exposed, 

less decayed pieces of wood, whereas the cobwebby, fragile, ephemeral species (e.g., 

those belonging to the genera Athelia, and Atheliopsis) are usually found on the 

underside of wood in a high decay class. Wind dispersal of spores is not likely and 

insects are the prime vectors of spore dispersal (Talbot 1952).  

 

Corticioid fungi have diverse ecological and physiological characters and vary 

genetically. They are among the most important wood-decomposing fungi (Swift 

1982). Several corticioid species are mycorrhizal with seedlings growing on dead 

wood (Tedersoo et al. 2003, 2009). Other species contain structures called 

stephanocysts which form on a spore and the whole structure become attached to 

nematodes. The stephanocyst is carried via the nematode throughout the wood or 

ingested and the displaced or excreted spore germinates, enabling dispersal (Burdsall 

1969). Some corticioid species have proved to be effective in biocontrol, e.g. 

Phlebiopsis gigantea is used to control annosum root rot (see Annesi et al. 2005) and 

Chondrostereum purpureum is an effective mycoherbicide (Pest Management 

Regulatory Agency 2002, Vartiamäki et al. 2008). 

 

What are resupinate polypores? 

Resupinate polypores are simply polypores that have adopted a resupinate habit and 

can occupy similar ecological niches on wood as corticioid fungi. There are examples 

of genera of bracket polypores, e.g. Phellinus, which have at least one resupinate 

species.  
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Phylogeny of resupinate fungi 

Resupinate fungi are distributed among all major clades of Homobasidiomycetes 

(Hibbett and Binder 2002, Larsson et al. 2004). Molecular work has identified 50 

putative families for corticioid fungi (Larsson 2007) which includes some polyporoid 

species. Binder et al. (2005) established a polyporoid clade which included a core 

polyporoid clade containing many stipitate and bracket polypores and a phlebioid 

clade containing resupinate forms of polypores and corticioids. However, the 

phylogenetic classification limits of the order Polyporales are still controversial and it 

emerges as the least resolved clade in the Agaricomycotina (Larsson 2007). In 

general, resupinate fungi are widely referred to as ‘corticioids’ and ‘polypores’ as 

convenient labels to describe morphologically similar groups occupying a comparable 

niche (e.g. Lindner et al. 2006). 

 

The aims of this chapter are: 

• to document the resupinate macrofungi found at the Warra LTER site in wet 

Eucalyptus obliqua forest in a preliminary study of these wood-inhabiting 

fungi in Tasmania, 

• to examine the ecology of the resupinate species found on coarse woody 

debris with those on fine woody debris, and 

• to identify any biogeographical distribution relationship with resupinate 

species elsewhere but in particular in Tasmania, New Zealand and Patagonia. 

 

The questions are as follows: 

• Are there any differences in species richness and species assemblages between 

the resupinate fungi on CWD and FWD? 

• Are there any cosmopolitan species and are there any shared only by 

Tasmania, New Zealand and Patagonia? 

 

Methods 
During the course of the 14-months field work undertaken for this thesis the 

resupinate wood-inhabiting fungi were collected and identified at least to genus level. 

Macroscopic and microscopic descriptions were made as for the other macrofungal 
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groups in previous chapters; samples were taken for future molecular work and 

cultures were obtained when possible. An initial single survey of fine woody debris 

along a 75m transect with a metre surveyed on either side of a central line was also 

carried out in each of the four plots (by Dr Björn Nordén). Fine woody debris was 

defined as wood less than 10cm in diameter. Only homobasidiomycetous resupinate 

species growing on dead wood have been used for this study. The following literature 

was used for identification of specimens: Cunningham (1963), Eriksson and 

Ryvarden (1973, 1975, 1976), Eriksson et al. (1978, 1981, 1984), Jülich and Stalpers 

(1980), Hjortstam et al. (1987, 1988), Hansen and Knudsen (1997) and Greslebin 

(1998). Help in identification was also obtained via personal communication with 

Heino Lepp, Dr Mario Rajchenberg, Dr Björn Nordén and Dr Nils Hallenberg. The 

nomenclature used in the current study was according to Index Fungorum (and 

Cortbase (andromeda.botany.gu.se/cortbase.html). 

 

Results 
138 species from 47 identifiable genera of corticioid fungi and 26 species from 13 

identifiable genera of resupinate polyporoid fungi were collected (Appendix 3). Total 

numerical species richness of corticioid and resupinate polyporoid species collected 

from the FWD was obtained by combining the species lists of G. Gates and 

B. Nordén. Figure 5.1 presents the distribution of these species exclusive to CWD, 

FWD and the species common to both substrates. It can be seen that FWD supported 

a much larger number of corticioid species than CWD and only 20 occur on both 

substrates in this study. Similarly, FWD supported more resupinate polyporoid fungi 

than CWD but there are no shared species. Two Gondwanan species, Ceriporiopsis 

merulinus and Macrohyporia dictyopora, were identified in this study from the Warra 

LTER site. 
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a) corticioid species    b) resupinate polyporoid species 
 

Fig. 5.1. Venn diagrams of corticioid and resupinate polyporoid species distribution 

on CWD and FWD. 

Discussion 
Species richness on CWD versus FWD 

The much higher number of corticioid fungi supported by FWD (fine woody debris) 

over CWD highlights the value of this substrate in maintaining macrofungal diversity. 

The lack of high numbers of species shared with CWD further emphasizes the 

importance of FWD. Furthermore, FWD supported more resupinate polyporoid fungi 

than CWD and there were no shared species. These results agree with studies in the 

Northern Hemisphere (e.g. Kruys and Jonsson 1999, Nordén et al. 2004, Küffer and 

Senn-Irlet 2005a) that FWD has been shown to be an important substrate for wood-

inhabiting fungi under normal fungal season conditions and perhaps it is also 

important in bridging times of stress (Küffer and Senn-Irlet 2005b). FWD is also 

useful in connectivity (in space) of dead woody substrate. If the fungal species is not 

a prolific producer of fruit bodies, then it is of survival importance to keep the 

vegetative mycelium alive. This can be achieved with many connecting small pieces 

of wood rather than a few large pieces of CWD. This is most noticeable with those 

fungi which produce cords or rhizomorphs of mycelium that interweave amongst the 

litter and wood on the forest floor. 

 

Some differences in the macrofungal assemblages 

There are still several undetermined species due to lack of reproductive structures or 

due to the fact that they are not described (B. Nordén and K. Hjorstam, pers. comm.). 

It was noted that the genus Aleurodiscus was only found on FWD, which suggests 

that it is a natural ‘pruner’ of small dead branches on the living tree. Although Núñez 

and Ryvarden (1997) suggest that fungi that possess an open euhymenium such as 

Gloeocystidiellum will be found growing on the lower side of dead wood in a more 

CWD
32 

FWD
86 20 

CWD
9 

FWD
17 
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protected environment which means that CWD would be a more suitable habitat, this 

fungus was more commonly found on FWD. The genus Hyphoderma, which is a soft-

bodied corticioid and easily desiccated, was also more commonly found on FWD 

which however, may have been in a sheltered microclimate.  

 

Biogeographical distribution of resupinate wood-inhabiting fungi 

A number of the species of the non resupinate polypores found in Tasmania exhibit a 

Gondwanan trend with, for example, Neolentiporus maculatissimus, Ryvardenia 

campyla, Laetiporus portentosus, Postia pelliculosa, P. punctata, P. dissecta being 

also found both in New Zealand and Patagonia. Other species are shared with (to 

date) New Zealand only, e.g. Aurantiporus pulcherrimus, Australoporus tasmanicus, 

or with Patagonia only, e.g. Polyporus gayanus and Ryvardenia cretacea. The 

corticioid species superficially appear to be more cosmopolitan with species from 

Tasmania, New Zealand and Patagonia being identified as identical at least 

morphologically to those from the Northern Hemisphere. Some species not found in 

this study but collected elsewhere in Tasmania are very widely distributed. For 

example, Phlebia nothofagi has been collected in 17 countries including mainland 

Australia and Tasmania and New Zealand; Phlebia fuscoatra is another species found 

in Australia (including Tasmania) and New Zealand and is also documented from 17 

countries (Nakasone 1997). However, to date, neither of these species is known from 

Patagonia. 

 

Continental drift, geological barriers and host restriction are generally taken to 

explain biogeographical patterns of fungi rather than dispersal biases. However, 

molecular evidence for long distance spore dispersal across the Southern Hemisphere 

in the Ganoderma applanatum/australe species complex was provided by Moncalvo 

and Buchanan (2008). They propose that the hard, melanised, double-walled, 

echinulate spores of the G. applanatum/australe species complex are well adapted for 

wind dispersal at higher altitude. Even though spore dispersal studies reveal that most 

spores fall within a few meters of the sporulating fruit body (Ingold 1971, Nordén and 

Larsson 2000), spore clouds may form which can be dispersed long distances by wind 

(Hirst et al. 1967). Rajchenberg (2006) regards the percentage (18%) of austral and 

paleoaustral polypore species common to the principal land masses of the Southern 

Hemisphere as low and not supporting the idea by Muñoz et al. (2004) that wind has 
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been an effective long-distance dispersal agent in that region. Hallenberg (1995) 

suggests that the wide distribution of wood-inhabiting Basidiomycetes could be due 

to the niches for wood fungi undergoing little change and the host species themselves 

being very old and not undergoing the evolutionary changes of higher plants. 

Molecular methods revealed differentiation within a species concept (Nilsson et al. 

2003, Paulus et al. 2007) which could reflect geographical isolation, yet there was no 

genetic differentiation in Schizopora radula cultures from New Zealand, Australia 

and North America (Paulus et al. 2000). Explanations for the distribution of wood-

inhabiting fungi are still far from satisfactory and more collaborative work is needed 

on the ecology and phylogenetic history of these organisms. 

 

Conclusions 
• This is the first ecological study of resupinate fungi in Australia and reveals 

that it is a very species rich group in Tasmanian forests. The results suggest 

that further sampling of FWD would produce a large, but unknown number of 

additional species. A better knowledge of the taxonomy of these fungi could 

lead to an increase in the number of genera and species. Further collections of 

material in better condition with complete reproductive structures would also 

increase the number of identified taxa. Thus, a formal taxonomic study of this 

group should be undertaken and the ecological importance further evaluated. 

Many of the species have not been formally described; a study involving 

molecular techniques and collaboration with experts worldwide is required. 

• Both CWD and FWD provide important ecological niches for maintaining and 

supporting resupinate macrofungal wood-inhabiting species diversity. Salvage 

operations that remove logging slash for biofuel may significantly reduce the 

amount of FWD in regenerating forests after silviculture treatment. This study 

highlights the importance of this substrate in supporting and maintaining 

assemblages of wood-inhabiting and mycorrhizal macrofungi. 

• A more expansive study could reveal strong links of Tasmanian species with 

New Zealand and Patagonia. 
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CHAPTER 6. THE ECOLOGY AND DIVERSITY OF 

MACROFUNGI FRUITING ON SOIL WITH SPECIAL 

REFERENCE TO THE ECTOMYCORRHIZAL SPECIES 
 

Introduction  
Macrofungi fruiting on soil are comprised of ectomycorrhizal species and 

decomposer species. This chapter examines the contribution to the study of these two 

highly important groups of macrofungi, which may be different or overlapping in 

function, e.g. there is evidence that ectomycorrhizal fungi produce extracellular 

enzymes and are able to metabolise soil carbon by acting as decomposers (Talbot et 

al. 2008). The relationship between the regenerating forests at different ages after 

wildfire disturbance and the ensuing ectomycorrhizal community is of interest for the 

concept of sustainable forest management in the wet E. obliqua forests of Tasmania 

and is given special attention. 

 

The function of the ectomycorrhizal and decomposer species on soil 

The fruit bodies of the ectomycorrhizal species are the visible above-ground 

manifestation of the symbiotic function of mycorrhizality, one of the most significant 

processes in a terrestrial ecosystem. The pioneering observations of Reissek (1847) 

(fide Last et al. 1987) and Frank (1885) established the mycorrhizal symbiosis 

between a fungus and the host tree. This symbiosis is a state of mutualistic 

association whereby the plant host and mycorrhizal fungus co-exist in a 

physiologically, ecologically and reproductively active state for long periods of time 

(Harley 1989). Mycorrhizae increase the absorptive capacity of the root system of the 

plant host and help it to survive against temperature extremes and in low nutrient 

soils as well as protecting it against disease; in return, the non-photosynthetic fungus 

receives translocated organic carbon as photosynthates (Smith and Read 2008). In 

addition, the same species of ectomycorrhizal fungus present on more than one host 

may enable transfer of carbon across source-sink gradients, which would have 

implications for productivity during drought or where nutrients are limiting (Simard 

et al. 1997). 
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Ectomycorrhizal fungi can form distinct homogenous masses of densely interwoven 

rhizomorphs, strands or hyphae belonging to the same species of fungus called 

‘ectomycorrhizal mats’ (Unestam 1991). These mats can affect the chemical 

composition of the associated soils and aid in litter decomposition by creating air 

pockets which induce arthropod activity, leading to faster lignin and cellulose 

decomposition (Cromack Jr. et al. 1988, Entry et al. 1991, Unestam 1991). 

Furthermore, in Douglas-fir conifer forests these mats have been shown to support 

seedlings by transferring energy and possibly water and nutrients from the overstorey 

trees to the shade-intolerant seedlings (Griffiths et al. 1991).  

 

Macrofungal fruit bodies of both ectomycorrhizal and decomposer species are able to 

concentrate nutrients at differing levels (Vogt et al. 1981, Lindeberg 1981), yet they 

have structural and functional similarities which are suspected to lead to conflict and 

competition for these nutrients, especially nitrogen and phosphorus in the soil (Leake 

et al. 2002). Ectomycorrhizal fungi were found to suppress the activity of 

saprotrophic organisms in the litter of a Pinus radiata (gymnospermic) plantation 

(Gadgil and Gadgil 1971), although this was not the case in mature beech 

(angiospermic) forests in a similar study by Staaf (1988). 

 

In this study, some of the macrofungal species that are not currently classified as 

ectomycorrhizal (and so are classified as decomposers) may have some type of 

symbiotic function not yet identified, or, be partially mycorrhizal with the symbiosis 

being of short duration, e.g. Entoloma spp. (Kobayashi and Hatano 2001). Those 

species classified as decomposers that do grow on the soil rather than directly out of 

litter may also be involved in breaking down the last remnants of the litter that have 

become part of the humic layer (Hering 1982). 

 

Ecological studies of macrofungi fruiting on soil 

Phenological studies of macrofungi fruiting on soil date back to 1788 (Grainger 

1946). Lange (1978) wrote that only a modest number of studies have been devoted 

to the phenology and ecology of ectomycorrhizal fungi but, by 1953 at least 70 papers 

dealing with the ecology of higher fungi, including fungi fruiting on soil, had been 

reviewed (Hering 1966). The majority of these ecological studies have been 

undertaken in the Northern Hemisphere, especially in European countries which have 
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a long cultural history of mycophagy. It was observed that different species of soil-

inhabiting macrofungi grew under different tree species (Maire et al. 1901), on 

different soil types (Haas 1933) and were associated with different plant communities 

(Wilkins et al. 1937). Lange (1978) observed that a time of up to two weeks and even 

longer was needed for the fruiting bodies of large species to appear following rain. He 

also noted that half the total number of species found fruiting on soil were known to 

be ectomycorrhizal. Bohus and Babos (1960) found that the differences in the pH 

values of the soil did not always parallel the differences in forest types and their 

associated mycota. Holownia (1985) concluded that the seasonal phenology in the 

appearance of fruit bodies of fungi belonging to species common for two areas under 

study was not the same in each of the two communities in spite of the short distance 

(700m) separating them and that this difference was no doubt due to different edaphic 

conditions. Tyler (1985) concluded that decomposer species were characterised by 

the less acid soils and the ectomycorrhizal species by the more acid soils. 

 

Changes in macrofungal communities on soil have been used to reflect the effects of 

pollution and reduction of habitat due to agriculture and urban development in The 

Netherlands (Arnolds 1988) and in Sweden (Rühling and Tyler 1990). Contrived field 

experiments such as the addition of nitrogen to a reforested 35 year old spruce stand 

(Peter et al. 2001b) resulted in the above-ground ectomycorrhizal fungi reducing 

dramatically in numbers after one year of nitrogen addition. The below-ground 

community was less affected until after 2 years. Similarly, significant changes in 

ectomycorrhizal species richness were found over an anthropogenic nitrogen gradient, 

with only 14 species producing sporocarps at high mineral nitrogen concentrations 

compared with 144 species at low nitrogen concentrations (Lilleskov et al. 2001). 

Observations from 10 years data that annual fruit body production is extending later 

into the year suggest the effects of climate change (Watling 2004). 

 

Ectomycorrhizal succession with stand age 

The response of fungal communities to forest succession is largely unknown (Smith 

et al. 2002). The concept of early and late stage fungi (Dighton and Mason 1985, Last 

et al. 1987) pertains to a sequence in which species of Hebeloma, Laccaria and 

Inocybe are characterised as early stage, Cortinarius and Tricholoma as intermediate 

stage and Russula, Amanita and Leccinum as late stage symbionts. Dighton and 
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Mason (1985) suggest that this succession is meant to be a result of the tree ageing 

and the ensuing alteration of the resources available to the mycorrhizas and their host 

plants. However, no apparent differences in the occurrence of mycorrhizal types in 

relation to tree age were found in a glasshouse study on two Picea abies stands of 

1 year old seedlings and 8-10 year old trees (Blasius and Oberwinkler 1989). 

 

Smith et al. (2002) examined the species diversity and abundance of epigeous and 

hypogeous ectomycorrhizal fungi in stands of Douglas-fir (Pseudotsuga menziesii) of 

three different ages, viz. young (30-35 years), rotation-age (45-50) and old growth 

(>400 years) and found that fruit body production was significantly greater in young 

and rotation-age stands compared with old growth stands. It was also found that 

species or species groups were unique to an age class but that the most dominant 

genera appeared in all age classes. However, the claim by Smith et al. (2002), that 

25% of the genera found appeared exclusively in either young or old growth stands, 

supports the genus-level patterns of ectomycorrhizal succession as forests age as 

proposed by Dighton and Mason (1985). Even so, many of the genera characterised 

as early or late stage in other studies, e.g. Fox (1986), were multi-aged in the study of 

Smith et al. study. Visser (1995) found that the number of ectomycorrhizal fungi was 

much higher in jack pine stands of 41, 65 and 122 years after wildfire than after 6 

years, the complexity of species composition increasing with time since wildfire until 

stabilisation at 41 years. That study also found discrepancies in the early and late 

stage fungi concept, e.g. the absence of Laccaria spp. in the 6 year old stand. Such 

discrepancies among studies imply that it is difficult to generalise patterns of 

ectomycorrhizal succession between different forest types and to define ecological 

traits common to all species (Smith et al. 2002). The concept of ‘early and late stage’ 

was criticised by Newton (1992) who suggested that classification of ectomycorrhizal 

fungi based on the epidemiological characteristics which determine competitive 

ability would be a more functional classification. Although emerging thought now is 

that in native forest ecosystems it is an oversimplification to use the terms ‘early 

stage’ and ‘late stage’ (Twieg et al. 2007), the terms are still useful for describing 

ectomycorrhizal community structure in the current study. 
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Studies on ectomycorrhizal fungi in Australia 

The studies of Samuel (1926), Chilvers and Pryor (1965), Chilvers (1968a, 1968b) 

Ashton (1976a) and McGee (1986) were concerned with discovering which plants in 

Australia formed mycorrhizal associations and the structure and function of 

mycorrhizae, as it was recognised that ectomycorrhizal fungi were essential to plant 

health and development. Little was known about the ectomycorrhizal diversity and 

ecology of these fungi in Australian forests until 1988, when a project was initiated to 

collect, isolate and identify ectomycorrhizal fungi from forests throughout Australia 

(Castellano and Bougher 1994). That study revealed that Australia contains an 

extraordinary high number of ectomycorrhizal hypogean fungi. Harley and Smith 

(1983) suggested that ectomycorrhizae occur predominantly in climates of periodic 

drought. It is speculated that the underground fruit body is an adaptation to the arid 

conditions experienced over much of Australia (Claridge 2002). Hypogean fungi have 

an ecological impact on the ecosystem beyond those of improving soil quality and 

maintaining plant health. These fungi are a key food source of the diet of many small 

mammals especially after fire (Taylor 1992, Johnson 1995, Claridge 2002). This 

relationship means that the fungi are effectively dispersed over long distances, as the 

spores remain viable after passing through the intestinal tract of the animal. 

 

About 660 species of ectomycorrhizal fungi have been named in Australia (Bougher 

1995). However, given that perhaps only 5-10% of Australian fungi have been named 

and another 10% are known but not named the true number of ectomycorrhizal fungi 

is more in the vicinity of 6500 species (Bougher and Syme 1998). Papers of an 

ecological nature have been the result of a growing awareness that an understanding 

of fungal biology and ecology is essential in mycorrhizal management in forestry 

(Castellano and Bougher 1994). This is due to the role of ectomycorrhizal fungi in the 

maintenance of plant diversity in natural ecosystems and those disturbed by 

management. Castellano and Bougher (1994) emphasise the continued need for 

taxonomic information as the basis for assessing this role. Tommerup and Bougher 

(2000) label ectomycorrhizal fungi as ‘a critical ecosystem resource’. Their point of 

view is that an undisturbed mature forest contains the baseline data of diversity for 

ecosystem functioning. This view is not universally held, as it is considered that a 

mature forest is only one stage of a forest ecosystem subject to natural disturbances 
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that set benchmarks for all stages along the successional pathway (T. Wardlaw, pers. 

comm. 2009). 

 

Ectomycorrhizal fungal diversity was used in two studies, Gardner and Malajczuk 

(1988) and Glen et al. (2008) to assess the recolonisation of rehabilitated bauxite 

mine sites in Western Australia. Counts of fruit bodies and morphotypes of 

ectomycorrhizae were used by Gardner and Malajczuk (1988) to compare diversity 

between rehabilitated sites and native forest. The study of Glen et al. employed fruit 

body counts and molecular sequencing of root tips. Both studies showed an increase 

in the ectomycorrhizal species richness with time since rehabilitation although the 

study of Glen et al. found a higher richness in the 7 year old stands since 

rehabilitation than that of Gardner and Malajczuk, which may have been due to the 

longer length of time of the Glen et al. study or to the use of advanced molecular 

techniques in that study or both. Newbound (2009) examined the effects of 

urbanization on the diversity of epigeous ectomycorrhizal macrofungi in remnant 

eucalypt woodlands in Victoria and found that the ectomycorrhizal community 

appeared not to be affected by urbanization. 

 

A report in Tasmania (Marsden-Smedley 1989) did not find any relationship between 

ectomycorrhizal fungi and different forest types. This could have been due to the 

limited survey time of that study and the inexperience of the surveyor. Gates et al. 

(2009) examined the effect of aggregated retention silviculture on the 

ectomycorrhizal community in a wet E. obliqua forest and found that the aggregates 

retained a substantial population of species of ectomycorrhizal fungi relative to the 

native forest control, although the species compositions were not identical.  

 

Other information pertaining to the diversity and distribution of Australian 

ectomycorrhizal fungi tends to be that gathered as part of inventories in different 

forest types before or after disturbances, e.g. Packham et al. (2002), Syme (2004), 

Ratkowsky and Gates (2005), Robinson and Tunsell (2007) and Catcheside and 

Catcheside (2005, 2008). In such studies, the life mode of the fungus may or may not 

be recorded (although it can usually be inferred from the fungal species) and the 

species host tree/shrub may or may not be noted. No further statistical analyses were 

provided separately for the ectomycorrhizal species recorded but perhaps these 
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otherwise very informative studies could be analysed at a later stage for more 

information. 

 

The potential of ectomycorrhizal fungi to influence plant diversity and productivity is 

now recognised and, reciprocally, so is the role of the plant community in 

determining the ectomycorrhizal fungal communities (van der Heijden et al. 1998). 

Natural distributions of ectomycorrhizal fungi can provide insights about their 

potential responses to anthropogenic disturbances. Klironomos and Kendrick (1993) 

reported that 700 publications were generated yearly pertaining to mycorrhiza, the 

majority of which were concerned with vascular arbuscular mycorrhizae and 

increased plant production, the latter being of societal interest. However, despite the 

recognition of the importance of ectomycorrhizal fungi to ecosystem functioning and 

the establishment of ectomycorrhizal associations for the health of a forest ecosystem 

as a prime consideration in evaluating the effects of disturbances, both natural and 

anthropogenic, field ecological studies of these organisms are few (Klironomos and 

Kendrick 1993, Erland and Taylor 2002). Ectomycorrhizal fungal species richness 

and community structure may be threatened by humans gathering for commercial 

gain in native forests and by the loss of habitat due to anthropogenic activities (e.g. 

clearing of forests for agriculture and urban development and intensive forestry) 

(Arnolds 1991, Watling 2005). Other disturbances contributing to ectomycorrhizal 

community structure changes are wildfire, pollution (e.g. acid rain atmospheric 

nitrogen deposition, fertilization) and climate change. 

 

The aims of this chapter are: 

• to establish baseline data regarding the soil-inhabiting ectomycorrhizal and 

decomposer macrofungal species of a native wet sclerophyll, E. obliqua 

dominated forest ecosystem in southern Tasmania subjected to wildfire 

disturbance.  

• to investigate the influence of the vascular plant community of a regenerating 

E. obliqua forest at different ages since wildfire on the ectomycorrhizal 

population and attempt to identify species that may be indicators of forest age. 
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The questions are: 

• Are there any differences in the species richness and species assemblages of 

the macrofungi fruiting on soil (decomposers and ectomycorrhizal species 

combined) among the four plots? 

• Are there any differences in the ectomycorrhizal communities among the four 

plots? 

• Is there an association between the ectomycorrhizal communities and the 

vascular plant community in each plot? 

• Is there any evidence of ectomycorrhizal succession as reflected in the type of 

ectomycorrhizal species with increasing stand age? 

• What are the effects of rainfall and temperature on fruit body production of 

the soil-inhabiting (both decomposer and ectomycorrhizal) macrofungi? 

• Are there seasonal differences among the macrofungal species assemblages on 

soil among the four plots? 

 

Materials and methods 
Survey and laboratory methods were as described in Chapter 4. Trappe (1962), 

Warcup (1980), Bougher (1995) and Bougher and Syme (1998) provided knowledge 

on the ectomycorrhizal status of the macrofungal species. Only basidiomycetous 

species were included in the ectomycorrhizal analyses as the mycorrhizal status of the 

four species of above-ground macrofungal Ascomycetes that were found was 

unknown. Although it was previously believed that most Ascomycota were 

decomposers, recent work using morphotyping and molecular research has revealed a 

high diversity of ascomycetous ectomycorrhizality, especially in the Pezizales (e.g. 

Tedersoo et al. 2006). Because most of those ascomycetous taxa remain unidentified 

to species level and are of uncertain life mode, the classification of a macrofungal 

species fruiting on soil was confined to three categories, viz. Ascomycota, 

basidiomycetous decomposers, and basidiomycetous ectomycorrhizal. Hypogean 

fungi were collected if the fruit bodies appeared at the soil surface.  

 

Macrofungal species richness was measured by the number of species present, as in 

Chapter 4. Species richness was analysed using randomised species accumulation 

curves and frequency bar graphs. To establish the relationship between species 
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numbers and sampling intensity, the Mao-Tau estimator in EstimateS (Colwell 2005) 

was used to generate randomised species accumulation curves for all macrofungi 

fruiting on soil for each of the four plots and all plots combined using 30 visits and 25 

subplots, respectively, as the basis for replication. Randomised species accumulation 

curves were also used with increasing number of visits to each plot and with 

increasing number of subplots, i.e. increasing area for each plot, to test the effect of 

increased sampling intensity on ectomycorrhizal macrofungal species richness. For 

the latter test, the 25 subplots, each measuring 10x10m, was used as the basis for 

replication. For each plot separately, by choosing fixed numbers of subplots, the 

species numbers at those ‘cut points’ were expressed as a percentage of the total 

number of species in the plot.  

 

Macrofungal species assemblages, including the effects of seasonality, were analysed 

using CAP-CDA, as in Chapter 4. The ordination procedure CAP-CDA was used to 

visualise and quantify differences in macrofungal species assemblages fruiting on soil 

among the four plots using the total number of visits in which fungi were found 

fruiting on soil (i.e. 114 visits). Regression analysis was used to examine the 

relationship between the total number of ectomycorrhizal species on soil and the total 

number of living vascular plant species in each of the 100 subplots. The mean 

numbers of ectomycorrhizal macrofungal species fruiting on soil were tabulated with 

the number of the three main host tree species known to form ectomycorrhizal 

associations (E. obliqua, N. cunninghamii and P. apetala) present in each subplot. To 

test for a correlation with the vascular plant community, macrofungal species 

assemblages were analysed using CAP-CCorA (Ratkowsky and Gates 2008). The 

‘Statistical methods’ section of Chapter 4 should be consulted for a discussion of the 

difference between the ‘species by visits’ and ‘species by subplots’ data structures. 

The number of living vascular plant species (21) was examined for its correlation 

with the species list for each subplot of each plot. The plotting symbols chosen to 

display the results of CAP-CCorA represent three vegetation types, viz. ‘Rainforest’ 

(rainforest species), ‘Pomaderris’ and ‘Monotoca’ (in this study, synonymous with 

the 1934 plot), derived from the predominant numbers of vascular plants present in 

the 100 subplots.  
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Results 
The results for the macrofungi fruiting on soil are presented in terms of species 

richness and species assemblages. Special attention is paid to the relationship of the 

ectomycorrhizal species with the vascular plant community of the subplots within 

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

 

Species richness of macrofungi on soil 

Species identification and number of records 

In total, 495 macrofungal species were recorded fruiting on soil. Of these, 330 were 

known to be ectomycorrhizal and 165 were considered decomposers (Appendix 2). 

There were 111 ectomycorrhizal species found only once during the 14 months 

survey period, 57 that occurred twice and 32 species that occurred three times. The 

1898/1934 plot had the highest number of ectomycorrhizal species (179) and the 1898 

plot had the least (92) (Figure 6.1 and Table 6.A1). The highest number of 

decomposers (96) was in the Old growth plot and the lowest (49) was in the 1934 

plot. The number of soil-inhabiting species of the Ascomycota was very low (7) and 

they were distributed evenly across the plots. The highest number of soil-inhabiting 

basidiomycetous macrofungal species was in the 1898/1934 plot (260), followed by 

the Old growth plot (202). The highest number of records of soil-inhabiting 

macrofungi was in the 1898/1934 plot (1781), followed by the number in Old growth 

(1647); by comparison, the 1898 and 1934 plots had approximately 500 records less. 

The genus with the highest number of species was Cortinarius (231 species, 

including Dermocybe, Cuphocybe and Rozites) of which only 14 could be identified 

to species level. Lactarius eucalypti was the most often recorded ectomycorrhizal 

basidiomycetous macrofungus (347 records). Laccaria spp. (a composite species 

group) was second with 332 records, Cortinarius ‘C248 varnished with umbo’ 121 

records, Russula persanguinea 111 records, Hydnum repandum 81 records, 

Cortinarius rotundisporus 80 records, Descolea recedens 70 records and D. 

phlebophora 69 records.  

 

Figure 6.1 depicts the numbers of species and life mode on soil for each of the four 

plots and all plots combined. The ectomycorrhizal species was relatively higher than 

the number of decomposers in the two younger plots (1934 and 1898/1934).  
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Fig. 6.1. Species numbers of the ectomycorrhizal and decomposer macrofungal 

species found on soil in the four plots and all plots combined. 

 

The distribution of the major ectomycorrhizal families across the four plots and all 

plots combined is shown in Figure 6.2. It can be seen quite clearly that the family 

Cortinariaceae dominates over the other families in all four plots with the highest 

number of species from this family being in the 1898/1934 plot. 
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Fig. 6.2. The distribution of species in families of ectomycorrhizal fungi fruiting on 

soil across the four plots and all plots combined. 

 

The distribution of 231 Cortinarius species found in the four plots is summarised in a 

Venn diagram in Figure 6.3. It can be seen that the two younger plots, 1934 and 

1898/1934 (DB), shared 17 species in common that were found only in these two 

plots. The mature plots 1898 and Old growth had 5 species in common that were only 

found in these two plots. There were 6 species common to all four plots, viz. 

Cortinarius rotundisporus, C. submagellanicus, C. ‘C110 sandy ochre with white 

downy covering’, C. ‘C200 ochre-brown with clear umbo, spores 8x4’, C. ‘C248 

varnished with umbo’ and Dermocybe clelandii. The 1898/1934 plot had the highest 

number of unique species (77) followed by 1934 (40), then Old growth (31) and 1898 

(21). 
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Fig. 6.3. Venn diagram showing the distribution of the 231 Cortinarius species in the 

four plots (Note: DB = 1898/1934). 

 

Randomised species accumulation curves 

In Figure 6.4, the curves for the 1898 and 1934 plots are almost superimposed on 

each other, meaning that new species were found at approximately the same rate in 

these two plots. The curve for the 1898/1934 plot is distanced from these two curves, 

which implies that species accumulated at a faster rate in that plot. The curve for the 

Old growth plot is intermediate between this one and the other two. It does not appear 

that an asymptote is being approached by any of the four curves. 
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Fig. 6.4. Randomised species accumulation curves for each of the four plots for all 

macrofungi fruiting on soil, based on visits. 

 

In the following graph (Figure 6.5) using the 25 subplots, the curves are ever 

increasing, although at a reduced rate, with no suggestion of an asymptote being 

approached, which is similar to Figure 6.4. 
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Fig. 6.5. Randomised species accumulation curves for the number of ectomycorrhizal 

macrofungi fruiting on soil in each plot with increasing area (number of subplots). 

 

In Table 6.1, it can be seen that ca. 46% of the number of ectomycorrhizal species 

found for the Old growth and 1898/1934 plots were collected at 5 subplots, which 

have a total area of 500m2. At 15 subplots (1500m2), more than 80% of the total 

number of ectomycorrhizal species found had been collected for Old growth and 

1898/1934 and more than 75% for 1898 and 1934. 

 

Table 6.1. Species numbers of ectomycorrhizal fungi at 5, 10, 15, 20 and 25 subplots 

expressed as a percentage of the total number of ectomycorrhizal species for each plot 

using Mao-Tau estimates, after 30 visits. 

Plot\subplots 5(=500m2) 10(=1000m2) 15(=1500m2) 20(=2000m2) 25(=2500m2) 

OG 46% 67.2% 81.3% 91.8% 100% 

1898 38.9% 60.2% 75.8% 88.7% 100% 

1934 41.4% 61.9% 77.1% 89.5% 100% 

1898/1934 45.6% 66.6% 80.5% 91.2% 100% 

 

Effects of rainfall and temperature 

In Figure 6.6. although rainfall was high in July 2006 – October 2006 and maximum 

temperatures were still low relative to the hotter months (i.e. November – February), 

the number of macrofungal species fruiting on soil decreased dramatically over this 
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period. Very good rains in April 2006 (265.8mm) and May 2006 (162.8mm) preceded 

the appearance of fruit bodies. The number of species found peaked in May 2007 and 

June 2007 in the Old growth and 1898/1934 plots. Many more species were found in 

the 1898/1934 plot in May – June 2007 than in May – June 2006. From September 

2006 – February 2007, more species were found in the Old growth plot than in any 

other plot in a period of increasing temperatures and sporadic rainfall events. 
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Fig. 6.6. The effects of rainfall and temperature on macrofungal species on soil. 

 

Species assemblages of macrofungi on soil 

Assemblage composition 

The resulting ordination diagrams for CAP-CDA are shown in Figure 6.7. This 

constrained ordination of all macrofungi fruiting on soil in the four plots using visits 

as replication shows that each plot has a distinct mycota (with some degree of 

overlap) (P-value of 0.00001 from 99,999 permutations, misclassification rate 14%). 

This reflects the relative stability of the macrofungal assemblages within each plot 

over time. 
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Fig. 6.7. CAP-CDA for all macrofungi fruiting on soil (495 species), using visits as 

replication. 

 

The CAP-CDA procedure was also done for all macrofungi fruiting on soil using 

subplots as replication. The ordination diagrams in Figure 6.8 show that the points 

within each of the four individual plots are clumped tightly, reflecting the fact that 

differences among the mycota of the 25 subplots are less than among plots. The 

misclassification rate, using the ‘leave one out’ procedure, was 2%, much lower than 

the 14% misclassification rate obtained using visits as replication (Figure 6.7), 

suggesting that the mycota is more stable spatially than temporally. 
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Fig. 6.8. CAP-CDA for the total number of macrofungi fruiting on soil (495 species) 

using the 100 subplots as replication. 
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The procedures MDS (Figure 6.A1), PCOA (Figure 6.A2), and CAP-CDA (Figure 

6.9) were carried out using 114 visits for those species on soil that have an 

ectomycorrhizal life mode. Similar to the results for all mycota on soil, the four plots 

group distinctly (misclassification rate 14.3%, P-value of 0.00001 from 99,999 

permutations), reflecting the stability of the ectomycorrhizal community of each plot 

over time. The MDS and PCOA ordinations (Figure 6.A1 and Figure 6.A2) also 

indicate plot differences but not as convincingly as CAP-CDA. 
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Fig. 6.9. CAP-CDA on ectomycorrhizal species fruiting on soil, using visits as 

replication. 

 

PCOA (Figure 6.A3) and CAP-CDA (Figure 6.10) were also carried out for those 

species on soil that have an ectomycorrhizal life mode using the 25 subplots of each 

plot rather than visits as replication. The groupings for the constrained ordination are 

even clearer than in Figure 6.9, where visits were used as replication, again reflecting 

a greater stability in space than over time. The misclassification rate from CAP-CDA, 

using the ‘leave one out’ procedure, was 3.0%. The permutation test gave a P-value 

of 0.00001 from 99,999 permutations.  
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Fig. 6.10. CAP-CDA on the ectomycorrhizal species fruiting on soil, using subplots 

as replication. 

 

Ectomycorrhizal species assemblages correlated with vascular plant species 

A highly significant correlation using CAP-CCorA (Figure 6.11) was obtained (P-

value of 0.00001 from 99,999 permutations), indicating that the ectomycorrhizal 

species are correlated with the chosen vegetation types. The ‘Monotoca’ subplots 

form a tight group. The majority of the points from the ‘1898/1934–Pomaderris’ 

combination (red squares) group tightly but the subplots of the ‘1898–Pomaderris’ 

combination (red diamonds) overlap with ‘Rainforest’. The OG–‘Rainforest’ 

combination overlaps with the ‘1898–Rainforest’ combination. 
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Fig. 6.11. CAP-CCorA between the vascular plants present in each of 100 subplots 

and the lists of ectomycorrhizal species fruiting on soil obtained from repeated visits 

to those subplots. 
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In Figure 6.12, which correlates the total number of ectomycorrhizal species on soil 

with the total number of living vascular plant species in each of the 100 subplots, the 

points on the graph have considerable scatter. However, the correlation between 

macrofungal species numbers and tree numbers is significant (P<0.0001). Subplots 

having more than 50 living trees all have at least 22 ectomycorrhizal species, whereas 

subplots having less than 50 living trees have an average of ca. 15 ectomycorrhizal 

species. 
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Fig. 6.12. Ectomycorrhizal macrofungal species on soil correlated with the total 

number of living trees in each of the 100 subplots. 

 

Increasing the number of host species (Table 6.2) does not appear to affect the 

number of ectomycorrhizal species of fungi found. Regression analyses of the number 

of ectomycorrhizal host stems against number of ectomycorrhizal macrofungal 

species and against surface area of CWD also produced non-significant correlations. 
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Table 6.2. Mean numbers of ectomycorrhizal fungal species with the three main 

ectomycorrhizal host species (E. obliqua, N. cunninghamii and P. apetala) in the 

subplots of each plot. 

 Number of ectomycorrhizal hosts 

Plot 1 species only 2 species All 3 species 

OG 16.9 15.0 Not applicable 

1898 10.3 11.3 11.2 

1934 14.2 17.2 Not applicable 

1898/1934 Not applicable 24.7 26.6 

 

Distribution of ectomycorrhizal species within a plot 

The number of ectomycorrhizal species within a subplot is shown in the following 

maps (Figure 6.13(a-d)), together with the positions of the three main living 

ectomycorrhizal host tree species with stems ≥10cm in diameter, viz. Eucalyptus 

obliqua, Nothofagus cunninghamii, Pomaderris apetala. The distribution of 

ectomycorrhizal species numbers does not appear to correlate with the locations of 

the living ectomycorrhizal hosts. For example, in 1898 (Figure 6.13b), there is a lack 

of trees across the plot diagonal from lower left to upper right, yet there are still quite 

high numbers of ectomycorrhizal fungi in that region.  
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Fig. 6.13(a-b). The position of the three main living ectomycorrhizal host tree species with the numbers of ectomycorrhizal macrofungal species 

fruiting on soil in each subplot of each plot.  
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Fig. 6.13(c-d). The position of the three main living ectomycorrhizal host tree species with the numbers of ectomycorrhizal macrofungal species 

fruiting on soil in each subplot of each plot. 
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Seasonality for macrofungi on soil 

The effect of using the indigenous seasons (see Chapter 3, Statistical methods) to 

explain macrofungi fruiting on soil was investigated using PCOA (Figure 6.A4) and 

CAP-CDA procedures. The ordination diagrams of the CAP-CDA for indigenous 

seasons are given in Figure 6.14 for each of the plots separately, since previous 

results (e.g. Figures 6.7 and 6.8) indicated that there was a strong plot effect present. 

The P-values and misclassification rates for both indigenous and traditional seasons 

are given in Tables 6.3 and 6.4, respectively. Seasonal differences in macrofungal 

species assemblage composition are better described using indigenous seasons rather 

than traditional seasons. Table 6.3 shows that the Old growth plot had the highest 

number of visits misclassified and 1934 the least. The P-values and misclassification 

rates are compared to the P-values and misclassification rates using traditional 

seasons in Table 6.4, which reveals that even though the P-values using traditional 

seasons are significant, the misclassification rates are very high in comparison to the 

misclassification rates for indigenous seasons.  
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Fig. 6.14(a-d). CAP-CDA, macrofungi fruiting on soil, for each of the four plots 

using the three indigenous seasons as the predefined groups (Wegtellanyta: Dec.-

Apr.; Tunna: May-Aug.; Pawenyapeena: Sept.-Nov.). 

 

Table 6.3. P-values and misclassification rates from 99,999 permutations for all 

macrofungi on soil for each of the four plots using indigenous seasons. 

Plot P-value, trace 
criterion 

P-value, delta 
criterion 

Misclassification 
rate 

Old growth 0.00001 0.00014 17.0% 

1898 0.00001 0.00008 10.7% 

1934 0.00001 0.00001 7.4% 

1898/1934 0.00140 0.00005 10.3% 
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Table 6.4. P-values and misclassification rates from 99,999 permutations for all 

macrofungi on soil for each of the four plots using traditional seasons. 

Plot P-value, trace 
criterion 

P-value, delta 
criterion 

Misclassification 
rate 

Old growth 0.00001 0.00121 23.3% 

1898 0.00001 0.00599 21.4% 

1934 0.00001 0.00001 29.6% 

1898/1934 0.00001 0.00001 20.7% 

 

CAP-CDA and PCOA were carried out using only the data for ectomycorrhizal 

species to determine the effect of indigenous seasons on that life mode. The resulting 

CAP-CDA diagrams are presented in Figure 6.15 and those for PCOA are shown in 

Figure 6.A5 (see Appendix 1). The P-values and misclassification rates for CAP-

CDA are given in Table 6.5. Distinct groupings can be discerned for each plot in the 

ordination diagrams of Figure 6.15(a-d), indicating that seasonal differences in the 

ectomycorrhizal mycota are better explained by the use of indigenous rather than 

traditional seasons. Results for indigenous seasons are compared to those obtained 

with traditional seasons in Table 6.6. The misclassification rate ranges from 18.5% to 

39.1% for ectomycorrhizal fungi using traditional seasons compared to a range of 

8.7%-23.3% obtained using the indigenous seasons. 
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c)

CAP-CDA, 1934, Ectomycorrhizal spp. on soil
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Fig. 6.15(a-d). CAP-CDA on soil ectomycorrhizal species and the effect of 

indigenous seasons. 

 

Table 6.5. P-values and misclassification rates for ectomycorrhizal fungi fruiting on 

soil for each of the four plots using indigenous seasons from 99,999 permutations. 

Plot P-value, trace 
criterion 

P-value, delta 
criterion 

Misclassification 
rate 

Old growth 0.00002 0.00445 23.3% 

1898 0.00001 0.00005 14.8% 

1934 0.00005 0.00161 8.7% 

1898/1934 0.00001 0.00004 16.0% 

 

Table 6.6. P-values and misclassification rate for ectomycorrhizal fungi on soil using 

traditional seasons from 99,999 permutations. 

Plot P-value, trace 
criterion 

P-value, delta 
criterion 

Misclassification 
rate 

Old growth 0.00004 0.00178 30.0% 

1898 0.00001 0.00017 18.5% 

1934 0.00178 0.00365 39.1% 

1898/1934 0.00002 0.00890 24.0% 
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Timelines for macrofungal species on soil 

One of the informative aspects of a study such as this one with repeated sampling at 

fortnightly intervals over a period of time is that appearance and disappearance of 

fruit bodies can be observed. These timelines are presented in Table 6.A3 for all soil 

fungi that have 5 or more records. The saprotrophic genus Agaricus appeared in April 

or May and fruited until July. The majority of species of the very large 

ectomycorrhizal genus Cortinarius s.l. (i.e. including Cuphocybe, Dermocybe and 

Rozites) appeared at the beginning of May and disappeared at the end of July, with 

only a handful of exceptions that had longer fruiting periods. Hebeloma ‘medium 

pink buff’ showed the same fruiting period as the majority of the Cortinarius species. 

Members of the family Russulacaeae and the boletes generally emerged very early in 

the year. The saprotrophic genus Hygrocybe was mostly confined from April to the 

end of August with H. chromolimonea, H. mavis and H. ‘vine-top with yellow gills’ 

being exceptions. Fruit bodies of a few species appeared intermittently all year round, 

viz. Descolea recedens, Discinella terrestris, Entoloma aromaticum, 

E. fibrosopileatum, Laccaria spp. and Lactarius eucalypti. 

 

Potential indicator species of stand age 

There were many species that were specific to one of the four plots; however, as there 

was no replication of the plots with respect to their fire history only those species that 

are supported with results from other studies in Tasmania (e.g. Packham et al. 2002, 

Ratkowsky and Gates 2005) are considered. Species only found in Old growth for the 

course of the survey period were: Cuphocybe ‘C162’, Geoglossum cookeanum, 

Laccaria sp. A, Hygrocybe rodwayi, Cortinarius ‘green gills’, Plectania 

campylospora, Hygrocybe roseoflavida, Galerina ‘scurfy’, Laccaria masonii, 

Dermocybe ‘felty’, Dermocybe ‘greyish yellow’, Dermocybe ‘brown with orange 

margin’, Hygrocybe reesiae, Pholiota fieldiana, Dermocybe ‘goldy’, 

Camarophyllopsis ‘brown, no odour’, Camarophyllopsis ‘brown with mothball 

odour’, Camarophyllopsis darwinensis’, Inocybe ‘very large, nodulose spores’, 

Dermoloma ‘brown-yellow’, and Dermoloma ‘grey’. Clitocybe clitocyboides and 

three species of Agaricus were found only in 1898, viz. Agaricus ‘pinkish brown, 

reddening inner stipe’, A. ‘brown speckled’ and A. ‘pink scales’. Three genera of the 
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Bankeraceae, viz. Phellodon niger, Hydnellum ‘pink spines’ and Sarcodon ‘greening 

at base of stipe’, were only found in 1898/1934 as were Hebeloma ‘medium pink 

buff’ and Tricholoma ‘large pink’. No potential indicator species were found in 1934. 

 

Discussion 
Species richness, macrofungi on soil  

The total number (330) of ectomycorrhizal fungi found (more than half the total 

number of macrofungal species found fruiting on soil) from 1ha of native wet 

sclerophyll E. obliqua dominated forest was generally higher than that from studies in 

Northern Hemisphere forest ecosystems (e.g. Termorshuizen 1991, 42 spp.; Nantel 

and Neumann 1992, 240 spp.; Visser 1995, 41 spp.; Senn-Irlet and Bieri 1999, 104 

spp.; Smith et al. 2002, 215 spp.; Bonet et al. 2004, 144 spp.; Norvell and Exeter 

2004, 309 spp.; Kranabetter et al. 2005, 128 spp.; Fernández-Toirán et al. 2006, 109 

spp.). It was also higher than the number found in other Australian studies (Burns and 

Conran 1997, 26 spp.; Packham et al. 2002, 53 spp.; McMullan-Fisher 2008, 46 spp.; 

Newbound 2009, 37 spp.). As other researchers (e.g. Bills et al. 1986) have found, it 

is difficult to compare studies that have been carried out in different hemispheres, in 

different forests, on different soil types, at different altitudes, in stands of different 

ages, with a variety of microclimates. Studies vary in length of survey period, in 

sampling procedure, in area sampled and in operator expertise. 

 

The data from the current study (Table 6.1) show that less than 50% of the total 

ectomycorrhizal species were collected from an area of 500m2 in an E. obliqua wet 

sclerophyll forest but that ca. 80% were collected from an area of 1500m2, the latter 

being a more informative data set from our forests. For comparison, Senn-Irlet and 

Bieri (1999) ascertain that their model based on 500m2 was adequate for acquiring a 

reasonable amount of data on fungal diversity in a Picea abies forest in Switzerland. 

 

A below-ground study in Tasmania (Tedersoo et al. 2008) reported a total of 123 

putative ectomycorrhizal taxa from three plots totalling 3ha from an Eucalyptus 

regnans, Pomaderris apetala and Nothofagus cunninghamii forest. The current study 

from a Eucalyptus obliqua, P. apetala, N. cunninghamii forest, which produced 

almost three times the number of above-ground species was from an area equivalent 
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to one-third of their study area. The total ectomycorrhizal root associated fungal 

community was estimated by Tedersoo et al. (2008) to be between 210 (using 

estimator Chao2) and 247 (using estimator ACE) species, although those authors 

believe this to be an underestimate. This is approximately a third of what the current 

study was estimated to produce (710 from Chao2 and 696 from ACE, see Table 8.2) 

in above-ground ectomycorrhizal species. These discrepancies could suggest that: i) 

Tedersoo et al. (2008) had a very limited sampling procedure ii) that the molecular 

techniques were not picking up all the species, iii) that the taxonomy of the above-

ground survey was erroneous, iv) that the above-ground fruit bodies were not forming 

mycorrhizae or v) the study sites were too different. However, Erland and Taylor 

(2002) consider it impossible to analyse more than a small fraction of the 

ectomycorrhizal community on root tips and many species must go unrecorded. 

 

Some findings from the current study were consistent with those of other studies. For 

example, the percentage of ectomycorrhizal species fell within the estimate of 35-

40% of total macrofungal species (Lange 1978, Watling 1995, Kendrick 2000) and 

there were a lot of species collected only once (as in Straatsma and Krisai-Greilhuber 

2003, Bonet et al. 2004, Richard et al. 2004, Smith et al. 2002). The high number of 

singletons may be due to the limited survey period or else that these species are rare 

or do not fruit frequently. 

 

A number of factors could be responsible for the very high number of 

ectomycorrhizal species found in the current study in a wet E. obliqua forest. These 

include the very intense sampling effort, the longer growing season in Tasmanian 

forests, the greater number of ectomycorrhizal hosts and number of living stems, the 

great ability of the genus Eucalyptus to form mycorrhizae (Ashton 1976a, Chilvers 

2000, Bougher 1995), the older age of the stands and the fact that the study was 

conducted in a native forest, the only disturbance being that of wildfire. The sampling 

at fortnightly intervals did mean that there were some species probably not recorded 

but these would have been non-ectomycorrhizal, fragile, ephemeral genera, e.g. 

Coprinellis, Parasola, Mycena, Mycenella, whereas the fruit bodies of the 

ectomycorrhizal genera Boletus, Cortinarius, Russula, Tricholoma, Inocybe, and 

Phellodon are either relatively large and remain in a condition such that even after a 
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fortnight they can still be identified or are tough and fibrillose, resisting decay and 

attack by predators.  

 

The ever-increasing species accumulation curves, irrespective of whether visits or 

subplots were used (Figures 6.4 and 6.5), are usual in this type of study. The authors 

of two works undertaken over 21 years (Straatsma et al. 2001, Tofts and Orton 1998) 

concluded that even after that length of time not all the species had been collected. 

Reflecting that “a complete list is an unattainable ideal”, Tofts and Orton (1998) 

suggested that 25-30 years is a more appropriate time frame for meaningful results, 

although as Watling (1995) pointed out, “the effects of vegetation succession, acid 

precipitation and possibly global warming will be imposed on the recording”. 

 

Species identification of macrofungi on soil 

The largest number of ectomycorrhizal species belonged to the family Cortinariaceae 

(258) across all four plots (Figure 6.2). Most of the ectomycorrhizal collections that 

could not be identified to species level belonged to the genus Cortinarius (as also 

found by Nantel and Neumann 1992, Visser 1995, Smith et al. 2002, Norvell and 

Exeter 2004, Trudell and Edmonds 2004, Bonet et al. 2004, Robinson and Tunsell 

2007). The large number of ectomycorrhizal species of Cortinarius was confirmed by 

the below-ground results of Tedersoo et al. (2008), who found that the genus 

Cortinarius, colonizing 10.9% of root tips in their study, produced among the most 

abundant ectomycorrhizal taxa. 

 

Assemblage composition and distribution of macrofungi on soil  

The Old growth plot had the highest number of decomposer macrofungal species on 

soil (Figure 6.1). There was a layer of moss and well-rotted leaves on the floor of this 

plot (G. Gates pers. obs.), typical of an old wet eucalypt forest. Saprotrophic fungi are 

favoured by this resource, which maintains temperature and moisture (Straatsma et al. 

2001, Fernández-Toirán et al. 2006) and is rich in organic matter. The 1934 plot had 

the lowest number of decomposer species (Figure 6.1), which may be related to the 

quantity and species of plant remains present in the soil resulting from the 

composition of the vascular plant community present. The steepness of the plot is not 

conducive to moisture retention (except in Tunna), an essential requirement (Ward et 

al. 1991) of dead plant material decomposition.  
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Although there was a pronounced plot influence on all macrofungi fruiting on soil 

(Figures 6.7 and 6.8), which was even more pronounced when ectomycorrhizal 

species were examined separately (Figures 6.9 and 6.10), the results cannot be 

explained due to differing inherent site characteristics. The results suggested that the 

mature forest had a different ectomycorrhizal community to that of the young forest 

(Figures 6.A1, 6.A2 and 6.A3). Between the mature plots (Old growth and 1898) the 

Old growth plot had the least number of misclassifications (2) for ectomycorrhizal 

species and visits and the 1898 plot the most (7). The Old growth plot as regards the 

vascular plant community could be considered the most stable and homogeneous plot 

as it had the lowest diversity of higher vascular plants. The 1898 plot was very 

variable in its vascular plant composition (Table 2.2), which could be reflected in the 

ectomycorrhizal assemblages. A below-ground study of ectomycorrhizal fungi in a 

birch and conifer plot regenerating from a 1870 fire and a birch and conifer plot 

regenerating from a 1916 fire (DeBellis et al. 2006) found that the ectomycorrhizal 

fungi showed different host preferences which resulted in plot differences. However, 

it is difficult to be definitive about the cause of the results in the current study, i.e. 

whether it was vegetation type, soil type, survey area, microclimates, slope or an 

interaction of these factors.  

 

Phenology of ectomycorrhizal and decomposer macrofungi on soil 

There was an optimum time of fruit body emergence for the majority of species 

(Table 6.A3), irrespective of the plot in which the species was found. Although it 

could be expected that good rainfall would maintain moisture in the soil and enhance 

fruit body production this does not appear to have happened. Fruit body manifestation 

was not unequivocally related to rainfall events, which agrees with Eveling et al. 

(1990). The numbers of species on soil in the 1898/1934 and Old growth plots were 

approximately double for the second season (May-June 2007). It is difficult to explain 

this discrepancy as collecting intensity was the same for both years, although yearly 

differences with no very clear relationship with weather variation are not uncommon 

(e.g. Lange 1984, Straatsma and Krisai-Greilhuber 2003).  

 

Seasonal differences in fruiting patterns were better described using indigenous 

seasons (as with the wood-inhabiting macrofungi in Chapter 4). This is because the 

indigenous season Tunna contains the months of May-August, and May-July in both 
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2006 and 2007 produced the highest number of species (Figure 6.6). For all 

macrofungal assemblages on soil and for the ectomycorrhizal species separately, 

there was a greater response made by the 1934 plot to the use of indigenous seasons 

than any of the other three plots. The 1934 plot is steep (Table 2.1), without a dense 

understorey (Table 2.2). It is likely to be able to retain moisture only when 

temperatures became cooler and day length shorter, coinciding with the start of 

Tunna.  

 

Old growth, compared to the other three plots, maintained continuous numbers of 

soil-inhabiting macrofungi throughout the year, which may reflect the greater 

moisture holding capacity of the plot. The all year round appearance of Laccaria spp. 

and Lactarius eucalypti could just reflect that these two species are the most 

commonly encountered in this forest type (Ratkowsky and Gates unpublished data, 

1998-2008). They are also among the most common ectomycorrhizal species found 

by Tedersoo et al. (2008) in their below-ground study. A build up of vegetative 

mycelium below the soil is triggered by some factor into producing the sexual 

reproductive stage of the fungus’ life cycle. The larger store of mycelium required for 

species with a large fruit body, e.g. the larger Cortinarius, Lactarius and Russula 

species (Bohus and Babos 1960, Wilkins and Harris 1946), would take a lot longer to 

build up compared to that of the smaller decomposer Entoloma and Hygrocybe 

species and the small ectomycorrhizal Laccaria spp. and Lactarius eucalypti. It is 

feasible that these species could be triggered to fruit more often, especially the more 

opportunistic decomposer species. The tough, leathery species, e.g. Phellodon niger 

and P. ‘brown’, unlike the fleshy boletes, Amanita, Cortinarius, Russula, and 

Tricholoma species (Table 6.A3), which decay rapidly and are prone to being 

colonised by collembolan species (especially hypogasturids), mycetophilid flies and 

slugs (Keller and Snell 2002) are able to persist for many months. Taxa of the genus 

Cortinarius s.l. and other members of the family Cortinariaceae were responsible for 

the high numbers of species on soil in both Old growth and 1898/1934 (Figure 6.2). 

The time of appearance and disappearance of the majority of Cortinarius species may 

be related to physiological factors associated with tree growth (Bohus and Babos 

1960). Other environmental factors (documented by Kües and Liu 2000), not 

measured in the present study, that affect primordia formation are: soil moisture, soil 

temperature, humidity, salinity, pH, light, CO2 concentrations, the association with 
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micro-organisms and the presence of specific genes that contribute to initiation of 

fruit body formation. 

 

Correlation and distribution of ectomycorrhizal species with vascular plant 

community and stand age 

Although there was a correlation of the number of ectomycorrhizal macrofungal 

species with the 21 vascular plants present in the four plots (Figures 6.11) and the 

regression analysis (Figure 6.12) showed that the total number of ectomycorrhizal 

species on soil was correlated with the total number of living vascular plant species in 

each of the 100 subplots, there were site factors that could not be extracted from the 

analyses to give a conclusive explanation.  

 

Although there was no correlation of ectomycorrhizal macrofungal species with the 

numbers of host trees, the 1898/1934 plot had the highest numbers of ectomycorrhizal 

fungal species and the highest number of ectomycorrhizal host trees (Table 2.2), 

including a high percentage of Pomaderris apetala, an understorey species known to 

form ectomycorrhizal associations (Ashton 1976a, Tedersoo et al. 2008). The 

1898/1934 and 1934 plots (the two young plots) had almost the same numbers of the 

ectomycorrhizal host E. obliqua (39 and 40 respectively); however, P. apetala was 

absent from 1934 and in its place Monotoca glauca formed the sparse, scrubby 

understorey of the 1934 plot (Table 2.2). Monotoca glauca belongs to the family 

Epacridaceae, members of which form ericoidal mycorrhizae that do not produce 

conspicuous above-ground fruit bodies (Smith and Read 2008). The edaphic factors 

for the 1934 plot were different to the other three plots (Table 2.1). The more acidic 

soil of the 1934 plot favoured the growth of Monotoca glauca (Mark Neyland pers. 

comm.) and not P. apetala which is favoured by dolerite soils. Litter analysis by 

Ashton (1975) revealed that the litter of P. aspera, a species that is similar to 

P. apetala but which has leaves not densely covered in hairs on the lower surface, had 

a calcium content two to three times as great as that of E. regnans. The large number 

of living P. apetala stems in 1898/1934 is a potential source of large amounts of soft, 

readily decomposed leaves that are rich in calcium (probably in the form of calcium 

oxalate), if one extrapolates from the study by Ashton (1975). The presence of 

Pomaderris in the understorey can increase the soil pH by one whole unit (Ashton 

1987). Ectomycorrhizal fungi thrive in the higher pH conditions caused by higher 
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calcium levels (Trocha et al. 2007). It has been shown that edaphic factors including 

pH influence the ectomycorrhizal community (McAfee and Fortin 1987, Tyler 1989, 

Rühling and Tyler 1990, Kranabetter 2005) and also indirectly determine plant 

community (Kernaghan et al. 2003), although ectomycorrhizal fungi correlate with 

vegetation independent of soil conditions (Nantel and Neumann 1992, Harrington 

2003). It is possible that soil pH and/or humus pH, either directly or indirectly by 

influencing vegetation type and number of ectomycorrhizal hosts, could have 

contributed to the differences in ectomycorrhizal species in the 1934 and the 

1898/1934 plots. The contribution of shrubby vascular plants to the study could not 

be evaluated as their ectomycorrhizal status was not known. 

  

Although there were only four plots in this study, there is some support for the model 

of Dighton and Mason (1985) that proposes a decrease of species richness of 

ectomycorrhizal macrofungi in late successional stages of forest stands (see Figure 

6.1). A decrease in the number of ectomycorrhizal species with increasing stand age 

was also found in above-ground studies (similar to the current study) by 

Termorshuizen (1991) and Smith et al. (2002) but not by Fernández-Toirán et al. 

(2006) and Visser (1995). Interestingly, in the current study, the largest number of 

ectomycorrhizal fungi, especially Cortinarius species (Figure 6.3) shared among the 

plots were those between 1934 and 1898/1934 (the younger forests) but were not 

found in Old growth or 1898 (the two mature plots), indicating that some 

successional processes could be occurring. 

 

The uneven distributions of the above-ground fruit bodies and the positions of living 

trees (Figure 6.13(a-d)) may be explained by the distribution of below-ground 

ectomycorrhizae. In coniferous forests, the distribution of ectomycorrhizal species is 

usually clustered (Horton and Bruns 2001). Most species occur in less than 10% of 

soil cores taken and individual soil cores generally contain multiple species (Horton 

and Bruns 2001). The adjacent root tips are frequently colonised by different species 

(Horton and Bruns 2001). Also, ectomycorrhizal fungi can fruit many metres away 

from the host plant with genets of individual strains of ectomycorrhizal fungi being 

found 10-30m apart (Leake et al. 2002), so a patchy distribution above ground is to 

be expected (Koide et al. 2005). The trees surrounding the study area could have been 

associated with fruit bodies within the study area, further confounding the results. 
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Molecular techniques are currently used in other studies to determine the 

ectomycorrhizal species on the roots of the trees in an attempt to match them with the 

above-ground fruit bodies. This was not done in the current study, although a sample 

of each ectomycorrhizal species was frozen for DNA analysis, which would facilitate 

such a project in the future. In many studies there is rarely any correlation between 

the numbers and types of above-ground fruit body and below-ground ectomycorrhizal 

species as determined by molecular techniques, e.g. Peter et al. (2001a), Glen et al. 

(2008). This is because many species of ectomycorrhizal fungi do not form visible 

fruit bodies or fruiting is so sporadic over a survey period that they may never appear, 

or are missed when they do appear, due to the limits of the sampling procedure 

(Erland and Taylor 2002). 

 

Potential ectomycorrhizal indicator species of stand age  

Several taxa of the so-called ‘early stage’ genera of Hebeloma, Laccaria and Inocybe 

(Dighton and Mason 1985) were found only in the Old growth plot. The species of 

Hebeloma found in the Old growth plot (Hebeloma ‘very large, spores 8x6’) was not 

the same as the one found in the 1898/1934 plot (Hebeloma ‘medium pink-buff, 

spores 8x5). The latter species is commonly found after disturbances, e.g. along road 

sides and in a ‘clearfell, burn and sow’ silvicultural coupe at time 26 months of 

regeneration after burning (Gates et al. 2005) and has probably remained a viable 

symbiont in the 1898/1934 plot for approximately 70 years, having colonised soon 

after the last fire in that plot. Marmeisse et al. (1998) suggest that members of the 

genus Hebeloma readily use nitrate and are early ectomycorrhizal pioneer occupants 

of disturbed habitats where it is most likely to encounter nitrogen in this form. Two 

species of the genus Laccaria, i.e. Laccaria sp. A and Laccaria masonii, were 

confined to the Old Growth plot. This is a consistent finding with that of other 

surveys in Tasmania (Ratkowsky and Gates unpublished data, 1998-2008). Fuhrer 

(2005) notes that these two species are usually found associated with Nothofagus 

cunninghamii in cool temperate rainforest. A molecular study could reveal whether 

these species are ectomycorrhizal with N. cunninghamii or old E. obliqua. Such 

differences at a species level in the genera Hebeloma and Laccaria suggest that the 

notion of ‘early and late stage’ ectomycorrhizal fungi is oversimplified.  
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In Tasmania, the ectomycorrhizal Cuphocybe sp. (‘C162’), Inocybe ‘very large, 

nodulose spores’, Laccaria sp. A, L. masonii and Dermoloma ‘brown-yellow’ and 

D. ‘grey’ were only found in the ‘Old growth’ plot. The status of these species as 

potential indicator species or a suite of indicator species of this forest age and type is 

supported by their occurrence in other similar forest types (Packham et al., 2002; 

Ratkowsky and Gates unpublished data, 1998-2008). In this survey three 

ectomycorrhizal genera of the hydnoid family Bankeraceae, viz. Phellodon niger, 

P. ‘brown’, Hydnellum ‘pink spines’ and Sarcodon ‘greening at base of stipe’, were 

only found in the relatively young forest plots of 1934 and 1898/1934, but these 

species have also been observed in older forests in Tasmania (Ratkowsky and Gates 

2005, Ratkowsky and Gates unpublished data, 1998-2008).  

 

It has been suggested that the domination of the ectomycorrhizal communities by 

certain genera is related to the mycelial morphology. Agerer (2001) has proposed a 

classification whereby the genera such as Cortinarius, Tricholoma, and Hydnellum 

contain many species that produce rhizomorphs, cords, or mats. These structures 

could be adaptive in habitats that experience strong seasonal drought (Unestam 1991, 

Unestam and Sun 1995). Trudell and Edmonds (2004) concluded that moisture 

differences were responsible for the differences in the ectomycorrhizal communities 

(which supported the classification of Agerer 2001) at two different sites of similar 

vegetation type. Members of the above suite of genera were common in the 

ectomycorrhizal community of the 1934 and 1898/1934 plot with the genus 

Cortinarius being very well represented. Both these plots were steeper than the two 

older plots, implying greater water run-off and drier conditions. These moisture 

differences among plots suggest yet another ecological process that could be 

interacting with those already discussed. 

 

Conclusions 
The present study: 

• found that the native wet E. obliqua forests of southern Tasmania support a 

large and diverse community of macrofungi fruiting on soil, many species of 

which are previously undiscovered and undescribed. 
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• identified that the majority of these new species belong to the genus 

Cortinarius, which is known to form many ectomycorrhizal associations with 

eucalypts. The biological properties and roles of these fungi in the forest 

ecosystem are unique but unfortunately largely unknown (Bougher 1995). 

There are great benefits to forestry in ecological and commercial terms in 

having these species discovered and characterised. 

• found that each plot supported unique species assemblages fruiting on soil; the 

plot differences were even more pronounced for the ectomycorrhizal fungal 

communities. 

• suggested some evidence of ectomycorrhizal succession, as the most number 

of shared species was between the younger plots. 

• determined that neither rainfall nor temperature could separately explain 

conclusively the variation in fruiting body emergence of macrofungi fruiting 

on soil. 

• revealed that most species fruiting on soil emerged in the indigenous season 

of Tunna (May-August) in all four plots. 

• provided valuable information that contributes to benchmark data on the 

diversity and frequency of macrofungi fruiting on soil with special reference 

to ectomycorrhizal species in native E. obliqua forest stands of different ages 

since wildfire in southern Tasmania. 

• showed that there was stability of the ectomycorrhizal communities across 

time and space within a plot. 

• was unable to correlate ectomycorrhizal species richness with the abundance 

of the three main ectomycorrhizal host species (viz. E. obliqua, 

N. cunninghamii, P. apetala), although there was a highly significant 

correlation with the total number of living stems at the subplot level. 

However, because individual fruit bodies of ectomycorrhizal species were not 

traced to their host species, the above finding cannot be explained. 

• highlights that works of longer duration and more intensive sampling are 

needed to obtain data regarding ectomycorrhizal fungal communities, with 

more attention to specific variables such as microclimate, soil moisture, soil 

type, soil pH and vegetation types. 
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• hypothesises that more ectomycorrhizal species would have been found if 

attention could have been focussed on hypogean fungi and ectomycorrhizal 

root tips. 

• reveals that more ecological work on ectomycorrhizal fungi is needed in 

native eucalypt forests in earlier stages of regeneration since wildfire, 

silviculture treatments and in plantations of different ages. 

• proposes that studies involving the hypogean fungal communities, mapping 

above-ground fruit bodies, and using molecular techniques on below-ground 

mycorrhizae would be ideal projects to follow up the results obtained from 

this study. 
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CHAPTER 7. THE ECOLOGY AND DIVERSITY OF 

MACROFUNGI IN THE LITTER LAYER ON THE FOREST 

FLOOR 
 

In this chapter, the ecology of the macrofungal assemblages inhabiting the litter on 

the forest floor with some necessary reference to microfungi is examined. 

Historically, most litter has been tossed aside in the urgency to get to the soil 

(Chesters 1960 fide Pugh 1974).  

 

Introduction 
Importance of litter  

Litter forms an interface between two physicochemically and environmentally 

different abiotic and biotic systems, i.e. above ground and below ground. The litter 

layer of a forest floor is composed of dead plant material including bark, leaves, 

fruits, plant stems, seed pods, flowers, small twigs and roots (Cooke 1979). The leaf 

litter profile is traditionally described as consisting of three layers: the L-layer, which 

consists of intact dead leaves, the F-layer, where the leaves are broken up but are still 

recognisable as leaf pieces and the H-layer, which is the dark, organic humic layer 

(Hering 1982). Litter provides habitat and nutrition for many organisms including 

fungi, bacteria, slime moulds and small animals. It can serve as a corridor, enabling 

organisms to connect to the same or to a different type of substrate resource. It 

insulates the soil against extremes of temperatures, acts as a barrier to loss of 

moisture content of the soil (Maser et al. 2008) and provides a moist and nutrient 

rich substrate for seedling establishment in many terrestrial ecosystems (Facelli and 

Pickett 1991, Waltert et al. 2002). Conversely, it may, upon accumulation, prevent 

light from reaching seeds and seedlings (Facelli and Pickett 1991). The patchy 

accumulation of litter, which introduces heterogeneity into the abiotic environment, 

may have direct or indirect effects on plant community structure (Facelli and Pickett 

1991).  

 

Litter macrofungi have roles other than that of decomposition. The rhizomorphs and 

fruit bodies of macrofungi have been proven to have a high concentration of 

biologically important elements and are able to contain these elements against 
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leaching (Stark 1972). The retention of such elements in the litter, which are released 

gradually over time, is very important to the nutritional quality of the litter. 

 

In steep forests, the binding of litter material by basidiomycetous fungi into a mat 

retarded the loss, due to erosion, of soil organic matter and nutrients from the forest 

slope (Lodge and Asbury 1988). This result could be useful in rehabilitating areas 

affected by road cuts and landslides. A large proportion of available nitrogen is 

utilised and stored in the fruit bodies and mycelia of macrofungi which is recycled 

due to autolysis of the mycelia. The transfer of nitrogen from litter to roots of trees 

intimately involves the litter decomposing fungi and the mycorrhizal fungi associated 

with the trees (Lindeberg 1981). However, the most crucial role that litter plays in a 

forest ecosystem is in the decomposition process whereby nutrients stored in litter 

are released and transformed into forms available for plant uptake (Entry et al. 1991, 

Cromack Jr. and Caldwell 1992). 

 

Litter decomposition 

At the bud level, leaves can be infected with pectin-decomposing and wax-affecting 

microfungi; thus, decomposition is a process that has begun long before the leaf falls 

to the ground (Pugh 1974, Colpaert and van Tichelen 1996). Some microfungi that 

colonise the leaf may remain dormant as pycnidia or perithecia and only fruit after 

leaf fall and others may complete their life cycle on the living leaf and remain 

present in the litter as microsclerotia and chlamydospores in a resting stage rather 

than being active. Although mycorrhizal fungi can produce enzymes that enable 

them to derive carbon and minerals from organic sources (Dighton 1991, Talbot et 

al. 2008), it is the true saprotrophic Basidiomycota with a complete array of 

cellulolytic and ligninolytic enzymes that decompose and mineralise the more 

recalcitrant compounds in the plant cell wall (Swift 1982). These fungi are 

physiologically akin to the white-rot fungi of wood (Hering 1982). As well as those 

basidiomycetous fungi that are to be found directly on the surface litter (L-layer), 

fruit bodies of decomposers can often be seen to be emerging from the F-layer with 

strands of mycelium radiating out across the leaf surfaces. The mycota of the humic 

layer (H-layer) consists mainly of microfungal species, e.g. Penicillium spp. and 

Trichoderma spp. (Hering 1982). 
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The physiochemical environment, substrate quality and composition of the 

decomposer communities are the primary controllers of decomposition rates 

(Daubenmire and Prusso 1963, Berg et al. 1993). Upon decomposition, litter can 

alter the chemical environment by releasing both nutrients and phytotoxic substances 

into the soil (Facelli and Pickett 1991). The litter-decomposing ability of macrofungi 

differs among members of the basidiomycetous and ascomycetous macrofungi 

(Osono and Takeda 2002). For example, two litter Mycena spp. decomposed lignin 

and carbohydrate in beech leaf litter as intensively as the wood-inhabiting species 

Microporus vernicipes, Lentinula edodes, Naematoloma (Hypholoma) sublateritium 

and Panellus serotinus, yet Guepiniopsis sp. and Xylobolus frustulatus (also wood-

decomposing macrofungi) were not as efficient (Osono and Takeda 2002). The 

bleaching that is associated with the decomposition of lignin and cellulose was 

restricted to certain members of these two phyla, which are regarded as 

lignocellulose decomposers (Osono and Takeda 2002). It was concluded that those 

results reflect the different anatomical and chemical decompositional pathways of 

these fungi in the plant cell wall (as described by Rayner and Boddy 1988). In an 

earlier study on the ability of wood decomposers, litter decomposers and mycorrhizal 

symbionts to decompose lignin, Tanesaka et al. (1993) found that the variation in 

decomposition among species within a genus accounted for 63% of the total 

variation for the 17 genera analysed. This difference could have been an evolutionary 

strategy to avoid competition between closely related species that would otherwise 

compete for the same resources in the same niche. Both these studies highlight the 

importance of a diverse array of macrofungi occupying different ecological niches in 

the ecosystem. 

 

Litter and fungal mycelium 

Litter is a multi-component substrate consisting of units of varying physical and 

chemical attributes, e.g. woody bark and twigs of non-uniform lengths and diameters, 

leaf litter from different tree species that differ in physical and chemical composition, 

soft moss and grass stems. Many units of differing surface area to volume ratios are 

present in litter. It may have freshly abscised twigs and leaves present as well as 

plant material already in later stages of decomposition. The mycelium of a fungus 

can be in many places at once and on many differing components of the litter and 

thus may be subjected to differing environmental conditions simultaneously (Boddy 
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1984). The macrofungi found in litter may be unit constrained (i.e. are physically 

unable to move from the individual substrate components such as a leaf, or a twig) or 

be unrestricted and move freely through the litter (Boddy 1984). Many non unit-

restricted members of the genera Collybia, Clitocybe and Mycena have relatively 

diffuse mycelial systems and whilst they may be ligninolytic, they do not normally 

invade woody units larger than petioles or very small twigs (Rayner and Boddy 

1988). Non unit-restricted cord- and rhizomorph-forming macrofungi appear not to 

directly attack litter but rather move through it to interconnect woody units of 

varying sizes. Unit-restricted fungi use spores rather than mycelium as a means of 

arrival and do not have the ability to colonise in the same manner as the non unit-

restricted fungi. There appears to be a high degree of substrate specificity among 

unit-restricted fungi, with many species and even genera showing preferential 

association with a substrate (Boddy 1984), e.g. members of the Aphyllophorales 

decompose woody twigs and bark, and Auriscalpium vulgare grows only on conifer 

cones (Aurora 1986). Many species of Mycena and Marasmius are not only host 

specific but are specific to a certain part of the leaf, e.g. the midrib vein or the 

phylloplane (Desjardin et al. 1992). This high degree of specificity means that there 

may be a lower resilience among macrofungal litter species assemblages after a 

disturbance. 

 

Some studies on fungi and litter 

Most studies (e.g. Hering 1967, Visser and Parkinson 1975) on fungi and litter are in 

vitro and focus on the isolation of microfungi and the succession of these species that 

reduce the leaf to the organic fraction of the soil. Discernment and quantification of 

the effects of temperature, water, gaseous levels, pH, and the interactions of these 

abiotic variables that could be affecting the fungal mycelium usually take place in the 

laboratory. Outside of the laboratory in the Northern Hemisphere, several studies 

have focussed on the role of the basidiomycetous macrofungus Mycena galopus as a 

woodland litter decomposer (Frankland 1984, Newell 1984a, 1984b). The selective 

grazing by the collembolan species Onychiurus latus of another basidiomycetous 

macrofungus, Marasmius androsaceus, allows for Mycena galopus to out-compete 

the Marasmius in the field, although laboratory experiments suggested that the 

Marasmius species was the more dominant as it grew twice as fast. Such studies 
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accentuate the complexity of the interrelationships of all organisms on the forest 

floor in a terrestrial ecosystem.  

 

Litter of eucalypt forests: input, fungi and fire 

In a forest system, the input pulses of litter components will vary across one year and 

across many years. Distinct periods of litter fall were observed in an E. obliqua forest 

and a rainforest in Tasmania (Turnbull and Madden 1986) with a minor peak 

consisting mainly of bark in September – October and a major peak in January – 

February. Ashton (1975) recorded similar results in an E. regnans study in Victoria 

with major leaf fall occurring in summer and bark falls relating to wind and 

snowstorms from autumn to spring.  

 

The litter of Australian eucalypt forests is sclerophyllous, full of oils, highly 

inflammable and decomposes slowly with decreasing pH compared to litter in other 

forest systems (Wood 1974, Pryor 1976, Ashton 1981b, O’Connell 1987, Florence 

1996, Briones and Ineson 1996, Maser et al. 2008). The great majority of litter 

studies in Australian eucalypt forests (e.g. Attiwill 1968, Wood 1974, Attiwill et al. 

1978, Attiwill 1979, Birk and Simpson 1980, Woods and Raison 1983, Turnbull and 

Madden 1986, O’Connell 1987, 1988, 1997, Ward et al. 1991) relate to biomass 

production and nutrient cycling during decomposition with scant reference to the 

organisms responsible for this decomposition. Those studies on litter fungi that have 

been carried out in eucalypt forests refer to microfungi (Macauley and Thrower 

1966, Ashton and Macauley 1972) rather than macrofungi. A more ecologically 

focussed study in an E. regnans forest (Ashton 1975) looked at decay rates and 

nutrient return but also assessed the litter fauna in detail and acknowledged the 

presence of macrofungi.  

 

Litter is usually totally consumed after wildfire and forestry regenerating fires. The 

loss of this insulating layer against temperature extremes and barrier to moisture loss 

due to evaporation results in a change in soil temperatures and soil moisture content 

until the litter layer is re-established (Jacobs 1955, Maser et al. 2008). The bare soil 

can become hygroscopic, being impregnated with oils, and further contribute to 

water run-off (Ashton 1987, Maser et al. 2008). 

 



 Chapter 7 – Macrofungi and litter 

 170 

The return of litter macrofungi in a E. obliqua dominated wet eucalypt forest after 

two different silvicultural treatments (clearfell, burn and sow (CBS) and aggregated 

retention (ARN)) and a wildfire formed part of two studies by Gates et al. (2005, 

2009). They found that the litter macrofungi returned much more quickly to the 

wildfire site as the trees, although being completely denuded of canopy, were 

coppicing after four months and producing new litter. At the CBS site, this process 

could not take place until the regenerating vegetation was mature enough to begin 

dropping litter, the causes of leaf fall and small twigs being senescence, insect 

damage or wind. It is feasible that litter in the ARN site could blow over from the 

aggregates of retained mature forest to the harvested areas adding to the 

accumulation from the regenerating vegetation. Unfortunately, the natural 

regeneration of vegetation in the ARN was not very successful, partly due to 

mammal browsing and partly the unsuccessful and irregular vascular plant 

regeneration. The latter could be due to the erratic burning intensity of the harvested 

areas, as in some parts the hotter fire had produced a mineralised ash which remained 

devoid of any colonisation even after 30 months, whereas in other less completely 

burnt areas charred sticks and leaf litter remained. Robinson et al. (2008), in a study 

examining the response of macrofungi to fire in Karri and Jarrah forests in Western 

Australia, found a rapid build up of litter-inhabiting species (mostly Mycena spp., 

Maramius spp. and Crepidotus spp.), so that after 3 years since fire their abundance 

was approximately one-half of that recorded in unburnt forest. Generally, although 

surveys have been carried out on macrofungal species assemblages after 

disturbances, the litter decomposer macrofungi have not been analysed as a separate 

entity. 

 

The aims of this chapter are: 

• to establish the species richness of the litter inhabiting macrofungi in the four 

plots of regenerating native forest at different times since wildfire, 

• to identify any differences and/or similarities among the plots in the litter 

macrofungal species richness and species assemblages, 

• to examine the correlation of the macrofungal species assemblages with the 

vascular plant community, 
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• to acquire phenological data regarding the appearance of the fruit bodies of 

the macrofungi fruiting in litter. 

 

The questions were: 

• are there any differences in the macrofungal species assemblages on litter 

among the four plots? 

• is there a correlation of the macrofungal litter species assemblages with the 

vascular plant community? 

• what are the seasonal effects on the macrofungal species assemblages and is 

there any response by these assemblages to rainfall or temperature? 

• if there are seasonal effects, are they plot dependent? 

• what is the commonality of species on litter with other substrates, i.e. how 

much is litter a substrate, a habitat or a ‘linking’ substrate? 

 

Materials and methods 
The same methods of collecting and describing were used as for the previous three 

chapters (Chapters 4, 5 and 6). Macrofungal litter decomposers may colonise several 

substrates. In this study, litter included all leaves, fruits, flowers, twigs, roots and 

bark and thus represented broad substrate delimitation. If the fruit body and the 

mycelium of the macrofungus were on and spreading across the litter surface rather 

than the stipe of the fruit body coming directly out of the soil, then the macrofungus 

was considered a litter decomposer rather than a decomposer fruiting in soil. 

 

The same statistical analyses as in Chapters 4 and 6 were used to explain 

macrofungal species richness and macrofungal species assemblages. Analyses were 

done on the individual plots and all plots combined. The effect of the climatic 

variables rainfall and temperature was also examined. The ‘Statistical methods’ 

section of Chapter 4 should be consulted for a discussion of the difference between 

the ‘species by visits’ and ‘species by subplots’ data structures. 

 

Randomised species accumulation curves were used to examine the rate of 

accumulation of new litter macrofungal species over the 14-month survey period 

using both visits and area (increasing number of subplots). 



 Chapter 7 – Macrofungi and litter 

 172 

Results 
The results for litter-inhabiting macrofungi are presented in terms of species richness 

and species assemblages, where assemblages concern the composition of 

macrofungal species occurring on the substrate. Tables and figures whose names 

contain the letter ‘A’ are in Appendix 1. 

 

Species richness of macrofungi on litter 

Species identification and number of records 

Of the 146 species on litter, 76 species were indentified and 70 were not. The number 

of records of macrofungal species supported by litter is presented for each plot and 

all plots combined (Table 7.A1, Figure 7.4). The number of ascomycetous and 

basidiomycetous species and life mode is also given in Table 7.A1. Some of the 

species found on litter in this survey may also occur on wood and soil and have, in 

fact, a preference for those substrates (see preferred substrate column, Table 7.A1). 

The number of species that occurred on litter was considerably lower in the 1934 

plot, with only 50 species compared to a range of 70-78 species in the other three 

plots.  

 

Species accumulation curves of litter macrofungi 

Species accumulation curves using visits as replication are presented for each plot 

separately in Figure 7.1. The curve for the 1934 plot is positioned lower than the 

curves for the other three plots, reflecting the lower number of species on litter in 

that plot that are accumulating with successive visits. Species accumulation curves 

using area (i.e. number of subplots, where each subplot has an area of 100 m2) are 

depicted in Figure 7.2. The 1898/1934 curve is positioned higher than the other three 

curves, which suggests that new species of litter macrofungi were being accumulated 

at a faster rate in that plot. 
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Fig. 7.1. Randomised species accumulation curves for litter macrofungi, using visits 

as replication. 
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Fig. 7.2. Randomised species accumulation curves for litter macrofungi using area 

(i.e. increasing no. of subplots) as replication.  
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Effects of rainfall and temperature on macrofungal species on litter 

The effects of rainfall and temperature on the macrofungal species on litter in each 

plot are examined using the graph in Figure 7.3. There are very low numbers of litter 

macrofungal species in all plots from September 2006 – February 2007, in spite of 

the high rainfall during September – October 2006. Species numbers peaked in May 

and June in each of the two years 2006 and 2007, but the richness was higher in 2007 

than in 2006. The 1898/1934 and 1898 plots had higher numbers of species on litter 

during May – July 2006 and May – June 2007 than the Old growth and 1898 plots, 

but the situation was reversed during the period January – April 2007.  
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Fig. 7.3. Number of macrofungal species on litter in each plot as a function of 

rainfall and temperature. 

 

The number of records of macrofungal species on litter for each plot is presented in 

Figure 7.4, along with their accompanying rainfall and temperature figures. The 

highest number of records occurs in May 2007 in the 1898/1934 plot. In all plots, 

there were very few records of litter macrofungi during the period September 2006 – 

December 2006. The Old growth plot had the highest number of records in March 

2007 – April 2007. Both Figures 7.3 and 7.4 show that macrofungal species and 

records on litter are greatest when temperatures are low. 
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Fig. 7.4. The number of records of macrofungi on litter for each plot as a function of 

rainfall and temperature. 

 

Species assemblages of macrofungi on litter 

Plot differences with macrofungal lists obtained at each visit 

CAP-CDA was used to display any differences in the litter macrofungal species lists 

acquired at each visit to each plot (Figure 7.5). A P-value of 0.00001 was obtained 

from 99,999 permutations. Despite this highly significant indication of plot 

differences, there is a considerable overlap of the points for each plot, reflecting the 

high misclassification rate of 37.8% (see Table 7.A2). The results of the MDS and 

PCOA (Figures 7.A1 and 7.A2, respectively) show a very disordered arrangement of 

the points. However, from Figure 7.5 there appears to be some separation of the older 

forest plots (Old growth and 1898, which have mostly negative values on Axis 2) 

from the younger ones (1934 and 1898/1934, which have mostly positive values on 

Axis 2). 
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Fig. 7.5. CAP-CDA diagrams for macrofungal species on litter in the four plots.  

 

Species assemblages of macrofungi on litter correlated with vascular plant species 

CAP-CCorA (Figure 7.6) was used to establish whether a correlation exists between 

the species assemblages in the 100 subplots and the 21 vascular plant species in those 

subplots. A significant correlation of the macrofungal litter species assemblages with 

the vascular plant community was obtained (P-value 0.00001 from 99,999 

permutations). Plotting symbols were chosen that reflect the three main vegetation 

types, viz. ‘Rainforest’ (characterised by rainforest species), ‘Pomaderris’, and 

‘Monotoca’ (in this study, synonymous with the 1934 plot). The plotting symbols 

reflect a combination of the plot in which the subplot occurs and one of the three 

predominant vegetation types. Because 18 subplots did not fall into any main 

vegetation type, they have been omitted. Using these plotting symbols, Axis 1 
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visually separates the macrofungal assemblages on litter in the ‘Pomaderris’ forest 

type from the other two forest types, and Axis 2 separates the ‘Rainforest’ and 

‘Monotoca’ forest types. There is still an effect of plot within the ‘Pomaderris’ forest 

type, with the 1898 and 1898/1934 plots clearly separated on Axis 3. However, for 

the ‘Rainforest’ forest type, there is no clear separation between the Old growth and 

1898 plots. 
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Fig. 7.6. CAP-CCorA for macrofungal species assemblages on litter with 100 

subplots and 21 vascular plant species. 



 Chapter 7 – Macrofungi and litter 

 178 

 

Seasonality of litter macrofungi with indigenous seasons 

CAP-CDA analysis was used to test for differences between the litter macrofungal 

species assemblages and the indigenous seasons. The ordination diagrams are 

presented for each plot separately in Figure 7.7(a-d). Plots 1898 and 1934 have the 

most tightly clustered points in the groups representing the individual seasons. 
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Fig. 7.7(a-d). CAP-CDA for indigenous seasons with litter macrofungi in each plot 

separately. 

 

Classification tables comparing indigenous and traditional seasons 

The overall P-value and misclassification rates for litter are given in Tables 7.1 and 

7.2 for indigenous seasons and traditional seasons, respectively. Indigenous seasons 

tend to have a lower overall misclassification rate than the traditional seasons, 

suggesting that seasonality is better described by the indigenous concept. The 
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1898/1934 plot had the highest P-values both for indigenous and traditional seasons, 

with the P-value for the latter being only marginally significant (P=0.04), indicating 

that seasonal differences in that plot are not strongly expressed. In general, 

misclassification rates for litter are higher than for wood (Chapter 4) or for soil 

(Chapter 6), using either indigenous seasons or traditional seasons, indicating that 

seasonal differences in litter are less strongly expressed than those for wood or soil.  

 

Table 7.1. P-values and misclassification rates for the CAP-CDA analysis of litter 

macrofungal species assemblages and indigenous seasons. 

Plot P value, trace 
criterion 

P value, delta 
criterion 

Misclassification 
rate 

Old growth 0.00001 0.00078 20.0% 

1898 0.00001 0.00249 13.6% 

1934 0.00018 0.00240 27.3% 

1898/1934 0.00409 0.00508 33.3% 

 

Table 7.2. P-values and misclassification rates for the CAP-CDA analysis of litter 

macrofungal species assemblages and traditional seasons. 

Plot P value, trace 
criterion 

P value, delta 
criterion 

Misclassification 
rate 

Old growth 0.00001 0.00305 20.0% 

1898 0.00098 0.04805 45.5% 

1934 0.00005 0.00125 27.3% 

1898/1934 0.04054 0.03884 42.9% 

 

Timelines for macrofungal species on litter 

The timelines for all the species of macrofungi with five or more records on litter are 

presented in Table 7.A4 of Appendix 1. Litter-degrading macrofungal species belong 

predominantly to the genera Mycena and Marasmius, with 19 species from these two 

genera having a fruiting period from March to July. The remainder of the 

macrofungal species emerged erratically over the 14 months survey period. 

 

Some substrate preferences of litter macrofungi 

The species Macrotyphula juncea and Marasmius crinis-equi were found growing 

directly out of the plane of the leaf. Mycena albidocapillaris was found preferentially 
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on rachises of the tree fern Dicksonia antarctica. Crepidotus variabilis and 

Marasmiellus affixus were most often found on small twigs, as was the Ascomycete 

‘grey becoming yellow’. There was some opportunistic colonisation of litter by the 

large wood-inhabiting species Hypholoma sublateritium and Gymnopilus allantopus 

and the ectomycorrhizal species Lactarius eucalypti and Descolea recedens. 

 

Discussion 
Species richness of macrofungi on litter 

Approximately half (65) of the total species found showed a preference for litter; 41 

species were more usually found on soil and 40 on wood. This demonstrates the role 

of litter as a bridging habitat among substrates. Wood-inhabiting fungi via mycelial 

strands (cords and rhizomorphs) are able to utilize the litter as a corridor to colonise 

new resources. The litter substrate may be only temporary and the fruiting on litter an 

opportunistic survival strategy in the life history of the fungus as it seeks out a more 

suitable habitat. As litter is above the soil, some soil fungi will produce fruit bodies 

on the litter, especially as it becomes more decomposed and humus-like. 

 

The greatest difference amongst the plots was in the number of records rather than 

number of species. The species richness difference among the plots was not as great 

as for the substrates of wood and soil (see Chapters 4 and 6). Despite the presence of 

E. obliqua in all plots, with its slowly decomposing sclerophyllous leaves (Wood 

1974), that require necessary fragmentation into smaller and smaller pieces by active 

soil fauna (Jacobs 1955, Ashton 1975), there were differences in the litter 

composition of each plot. These differences reflect the composition of the higher 

vascular plant structure in each plot (Chapter 2). 

 

The leaves of Pomaderris apetala are broader and softer than the small, 

sclerophyllous leaves of Monotoca glauca. The 1898/1934 plot had the largest 

number of macrofungal species and records (Table 7.A1). It also contained 832 

living stems of P. apetala (Table 2.2) to produce litter. The 1934 plot lacked 

P. apetala and instead had an understorey mainly composed of 174 living stems of 

M. glauca (Table 2.2). The leaf fall of the species Pomaderris aspera (a species 

closely related to P. apetala, see Ashton 1981b) in a mature E. regnans forest 
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contributed 82% of the total understorey leaf fall (Ashton 1975), which is possibly 

similar to the situation in the 1898/1934 plot. Hence, there was a much greater, more 

easily decomposed resource available in the twice burnt plot. The 1898 plot was the 

other plot that had living P. apetala trees present (193 stems, see Table 2.4) and this 

plot had the next highest number of records of macrofungi on litter (Table 7.A1). 

This suggests that P. apetala litter supports high macrofungal diversity.  

 

Litter decomposes faster in the moister mature forests (Ashton 1975). The litter in 

the Old growth forest was composed mostly of leaves from E. obliqua, Nothofagus 

cunninghamii and Atherosperma moschatum, these being the trees that dominated in 

terms of either numbers or basal area (Table 2.2). The leaves of N. cunninghamii 

(which are small, 7-15mm long by about the same in width) and A. moschatum rot 

very quickly (Mount 1964). The wetter conditions (the moss component of the litter 

has high moisture storing capacity (Hättenschwiler et al. 2005)) combined with 

physiochemical characteristics of the leaves of N. cunninghamii and A. moschatum 

could be advantageous for decomposition and subsequently earlier and more 

abundant macrofungal fruit body production in Old growth than in the other three 

plots. 

 

Litter macrofungal assemblages  

There was some separation of mature forest plots from the two younger forests in the 

litter macrofungal assemblages (Figures 7.A1, 7.A2, 7.5) but even though the 

differences are significant, there are a substantial number of misclassifications (Table 

7.A2, misclassification rate 37.8%) and the ordination results are not particularly 

defined. This suggests that the strong plot effect underlying the results for wood and 

soil is not so pronounced for litter.  

 

The macrofungal litter assemblages are well correlated with the vegetation types 

‘Rainforest’, ‘Monotoca’ and ‘Pomaderris’ (Figure 7.6). However, it must be 

considered that this may be an indirect result from another variable, e.g. soil type, 

pH, slope, aspect or an interaction of these variables. For example, the ‘Monotoca’ 

vegetation type was limited to the 1934 plot that was shown to have a lower soil pH 

than the other plots, and these more acidic conditions favour the growth of Monotoca 

glauca over Pomaderris apetala (Mark Neyland, pers. comm.). 
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The greatest number of macrofungal species on litter was found during the 

indigenous season of Tunna (Figure 7.7, Tables 7.1 and 7.2, 7.A3) as for macrofungi 

on wood and soil (Chapters 4 and 6). Litter decomposers are small, delicate and 

fragile as in the case of many Mycena species or small, tough with wiry stipes and 

frequently marcescent (having the ability to lose water and rehydrate) as in the case 

of most species of Marasmius and Marasmiellus. These species of fungi can appear 

and disappear very quickly and are among the first to appear at any time given the 

right conditions. Hering (1982) suggests that as their fruit bodies are small and form 

primordia at relatively shallow depths, moisture fluctuations have more effect than 

on other groups of macrofungi. The required spatial domain is very small and the leaf 

petiole or blade or a very fine twig can support many species and many fruit bodies. 

Such small pieces of substrate are quickly wetted and dried out again even during a 

short period of 24 hours. Any re-emergence in species seems to correspond to a 

rainfall event during the hot, dry months (Figure 7.3), e.g. rainfall in January 2007 

and March 2007. This suggests an opportunistic survival strategy to fruit and 

sporulate in adverse conditions. It is commonly thought that large numbers of 

emerging fruit bodies are related to the amount of rainfall received prior to that 

emergence. The results of rainfall and temperature from the current study suggest 

that there are other variables or an interaction of variables that contribute to fruit 

body emergence.  

 

Macrofungal species specific to litter structure or stand age 

There were some examples of species being restricted to a specific part of the litter 

substrate or a plot. In this study, two Ascomycetes were found only on woody twigs, 

never on leaves, but one, Ascomycete ‘white disc bruising orange’, although being 

the most common macrofungus on litter, was also found on large CWD (see Chapter 

4). Substrate preference by macrofungi within the substrate class of litter was found 

by McMullan-Fisher (2008), for example, her Discomycete sp. A was only found on 

the leaf litter of Orites acicularis and her Gloiocephala sp. A and her Discomycete 

sp. D were always found on the bark component of the litter substrate. It was not able 

to determine why a new species Xylaria ‘litter’, was only found in Old growth and 

1898. It could have been favoured by the litter composition, or site characteristics 

e.g. moister conditions that are inexplicable. 
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Opportunities for further studies 

In Australia, a few studies have compared different species of leaves, e.g. 

Pomaderris aspera litter to that of E. regnans (Ashton 1975), decomposition of 

leaves of different eucalypt species (Woods and Raison 1983) and germination 

requirements and responses to different species of eucalypt litter (Facelli and Ladd 

1996). The quality of the resource of different species of litter accounts for the 

decomposability of that species substrate. Differences in decomposition rates among 

different species of litter are a function of nitrogen content, the arrangement of the 

fibres in the cell wall, the accessibility of enzymes, the higher content of the guaiacyl 

unit in gymnosperm lignin than angiosperm lignin, carbon/nitrogen and 

lignin/nitrogen ratios and the host specificity of the individual fungal species (Osono 

and Takeda 2006, Hättenschwiler et al. 2005). Another much-understudied area is 

the synergistic or antagonistic-inhibitory effects of mixing different species of litter 

as most studies have concentrated on monocultures (Hättenschwiler et al. 2005). 

Qualitative and quantitative experiments in different vegetative types focusing on the 

litter layers and associated macrofungal fruit bodies, rhizomorphs and mycelia would 

add to the knowledge of the ecological processes taking place in eucalypt forests and 

assist in the management of these forests.  

 

Litter macrofungi assemblages are likely to be affected by the plant species 

constituents of the litter, which is directly linked to stand age, soil type and climatic 

conditions. Given that the decomposition of leaf litter is an organic enricher during 

the formation of soil which houses some of the most important ecological processes 

of a forest ecosystem (Maser et al. 2008), litter macrofungi are a highly neglected 

group (Hering 1982, Cooke and Rayner 1984, Boddy 1984, Tanesaka et al. 1993, 

Hättenschwiler et al. 2005). Furthermore, litter is a very vulnerable substrate, and the 

potential loss of macrofungal diversity associated with it should be taken into 

consideration with silvicultural treatments involving fire. 

 

Conclusions 
• Litter in the E. obliqua forests of southern Tasmania supports rich and diverse 

macrofungal assemblages. 
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• The most species-rich plot was the twice burnt 1898/1934 plot, followed by 

the 1898 plot which was later recognised as being partially burnt again in 

1934. 

• Even though species assemblages were significantly different among the four 

plots, this difference was not as pronounced as the plot differences for wood- 

and soil-inhabiting macrofungi (see Chapters 4 and 6, respectively). 

• There is a strong correlation between the species assemblages and the 

vascular plant communities of the three main vegetation types (‘Pomaderris’, 

‘Rainforest’ and ‘Monotoca’). This suggests that the characteristics of the 

litter, which are derived from the vegetation, may directly affect the 

macrofungal assemblages. 

• The timeline for most species of macrofungi fruiting on litter is narrower than 

that for species on wood and soil. The decrease of fruit body production over 

the months of August-October does not appear to correlate with any dramatic 

effects of temperature. It is possible that the mycelium build up prior to 

fruiting has been exhausted. 

• Subsequent appearances of some litter macrofungi after the main period of 

fruiting correlate with rainfall events in warm dry weather. 

• Litter was shown to be a bridging substrate, with macrofungi normally 

associated with wood and/or soil also being supported by litter. 

 



 Chapter 8 – Macrofungi on all substrates combined 

 185 

CHAPTER 8. THE MACROFUNGAL ASSEMBLAGES ON ALL 

SUBSTRATES COMBINED 
 

Introduction 
Ecological studies often focus on a single aspect of the ecology of an organism. This 

can result in a profound knowledge of an organism, although perhaps a narrow view 

of the ecological significance and the interrelatedness of organisms within an 

ecosystem. Unfortunately, most studies are limited by a set period of time, e.g. a 

Ph.D. or postdoctoral study rarely extends beyond 3 years. There are very few 

studies in Australia on the habitat and substrate preferences of macrofungi (Packham 

et al. 2002) against which to compare the results from the present study. In preceding 

chapters (Chapters 4, 6 and 7) of this study the macrofungal communities supported 

by each of the three main substrates, viz. wood (divided further into CWD, ODW, 

stags and standing trees), soil and litter, in a forest ecosystem have been extensively 

examined separately. This chapter examines the integrated macrofungal community 

of a wet eucalypt forest and the ecological effects of the vagaries of a wildfire at a 

small spatial scale. 

 

Wildfire behaviour in eucalypt forests 

Ashton (1981b) describes wildfire as “notoriously capricious”. The intensity of a 

wildfire is dependent on several factors, including the quantity of dry fuel and 

extremely suitable meteorological conditions of high air temperatures for a period, 

low humidity and strong winds (Pryor 1976, Wells and Hickey 1999). Topography is 

important as fires tend to burn up steep slopes supported by the updraught, along 

ridges and spurs and skip over gullies (Luke and McArthur 1978, Ashton 1981a, Gill 

1997). The physiognomy of eucalypt trees also contributes to the escalation of the 

fire and the resulting damage to the tree. The open pendulous foliage of leaves and 

twigs full of inflammable oils, and strips of readily decorticating bark and stringy 

lichens on the upper trunk and branches are capable of being blown by winds for 

measured distances of 30 km to produce a series of spot fires ahead of the main fire 

(Jacobs 1955, Hodgson 1968, Luke and McArthur 1978). The thick, deeply furrowed 

fibrous bark on the lower trunk of E. obliqua can protect the tree cambium and 

epicormic buds against low intensity fires; however, in a hot fire the flammability of 
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the aeriferous bark fibres can conduct the fire to the crown and the damaging heat to 

the cambium. The fires in a wet sclerophyll forest are usually intense because for the 

majority of years the conditions are too wet for a free-running fire and it is only 

when the favourable conditions cited above occur that the forest will ignite. This 

pattern of fire has led to a mosaic of different aged stands in the wet forests of 

southern Tasmania (Mount 1964, Alcorn et al. 2001). The effect of this pattern of 

fire behaviour at the large landscape level and the small spatial scale on the ecology 

of the macrofungal assemblages on wood, soil and litter is largely unknown. 

 

The aims of this chapter are to examine: 

• the ecology of the total macrofungal assemblages on all substrate combined 

• the phenology of the macrofungal species on all substrates combined.  

 

The questions are: 

• Is there an effect of plot on the total number of macrofungal species, either 

spatially or temporally? 

• Is there an effect of the six substrates, viz. CWD, ODW, stags, standing trees, 

soil and litter, on the total macrofungal species assemblages within each plot 

separately? 

• Is there any differences in the total macrofungal species assemblages using 

the indigenous season concept, and how does it compare with the traditional 

season concept 

• Are the total macrofungal species assemblages correlated with the number of 

living stems of the 21 vascular plant species present at the subplot level? 

• Is there an effect of age since wildfire on the macrofungal assemblages on all 

substrates combined? 

 

Materials and methods 
 

Simpson and Shannon-Wiener species diversity indices and species evenness indices 

were calculated (after Villeneuve et al. 1989) for each of the four plots. CAP-CCorA 

and regression analysis were used to establish whether there was a correlation of the 

total number of macrofungal species found in this study with the vascular plant 
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species present in each of the 100 subplots. If the CAP-CCorA analysis gave strong 

evidence that the macrofungal species lists were correlated with the living trees in the 

100 subplots, then plotting symbols were used which, for each of the subplots, 

combined its plot identity with the most frequently occurring vascular plants species 

in that subplot. This graphical representation helps to visualise the correlation. As 18 

subplots had no predominant host tree species, they were eliminated from these 

graphs for this exercise. In addition, regression analyses were used to examine the 

relationship between the numbers of macrofungal species on wood, soil and litter 

separately and together as a function of the numbers of living stems of each of the 21 

species of vascular plants and on the three most common ectomycorrhizal host 

species, viz. Pomaderris apetala, Nothofagus cunninghamii and Eucalyptus obliqua, 

separately and together. 

 

The ‘superplot’ concept 

The revelation of the true fire history of the 1898 plot came after the field work and 

initial analyses were completed. The discovery that some of the plot had been 

subjected to the influence of a second fire in 1934 suggested that an exercise be 

undertaken to investigate whether that fire had any lasting influence on the mycota 

present. Of special interest were two questions, the first of which was whether there 

was a different mycota in the subplots that had experienced the second fire compared 

to that in the subplots that were not subjected to it, and the second of which was 

whether analyses of the mycota on all substrates combined would enhance the results 

of those done previously on each substrate separately. In addition to using the four 

original 0.25 ha plots for analysis, three superplots were devised with a view to 

getting a better correlation of macrofungal species, in particular the ectomycorrhizal 

species on soil, with the vascular plant species. These superplots were (i) the 

‘Mature’ plot which used all the subplots from the Old growth plot and those 

subplots from 1898 that were determined to have escaped the 1934 fire (these had no 

Pomaderris apetala present (P. apetala is associated with disturbance usually on 

doleritic soils), (ii) the ‘Pomaderris’ plot which added the subplots in 1898 that had 

Pomaderris apetala present (i.e. had been subjected to the 1934 fire) to the plots 

from the 1898/1934 plot (where every subplot had P. apetala), and (iii) the original 

1934 plot which, due to the more acidic soil of this plot had no P. apetala but an 

understorey of Monotoca glauca (see Chapter 2). ‘Mature’ refers to forests of more 
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than 110 years old (Hickey et al. 1999). It was considered appropriate to include the 

subplots from the 1898 plot with Old growth to form such a category as the subplots 

from the 1898 forest at 108 years old were approaching the ‘mature’ condition.  

 

The integrated mycota of the forest 

The data set of all the macrofungal species from the 14-month study was analysed in 

terms of species richness and species assemblages using the same methods as in 

Chapters 4, 6 and 7. The ‘Statistical methods’ section of Chapter 4 should be 

consulted for a discussion of the difference between the ‘species by visits’ and 

‘species by subplots’ data structures, both of which are used in calculations involving 

species assemblages. 

 

Results 
The combined list of macrofungal species (849) on wood, soil and litter (see 

Appendix 1) was examined in terms of species richness and species assemblages.  

Species richness of macrofungi on all substrates combined 

Species identification and number of records 

In total, 16,489 records comprising 849 macrofungal species (Appendix 1) were 

obtained from the compilation of the observations in the four plots separately. Of the 

849 species, 44 species (5.2%) belong to Phylum Ascomycota and 805 (94.8%) to 

Phylum Basidiomycota; using current literature (see Chapter 4, Methodology and 

analyses) 512 species (60.3%) were considered to be decomposers, 330 were 

considered ectomycorrhizal fruiting on soil (38.9%), and 7 (0.8%) were considered 

ectomycorrhizal corticioid species; 475 (55.9%) were most commonly found on soil, 

308 (36.3%) on wood and 66 (7.8%) on litter. The proportion of decomposer species 

to ectomycorrhizal species was much greater in the two mature forest plots than in 

the two younger forest plots (see Table 8.A1). Of the 849 total species, 281 (33.1%) 

were validly named, 138 (16.3%) could not be named to species level but were 

familiar to the author from previous work and 430 (50.6%) were species not 

previously encountered. There were 316 (37.2%) singletons (i.e. species that were 

found only once), 101 (11.9%) found twice, 52 found three times, 46 found four 

times, 26 found five times, 26 found six times, 19 found seven times, 25 found eight 
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times, 9 found nine times, 9 found ten times, and 220 species each with more than 

ten records. 

 

In terms of location, 136 (16.0%) occurred in all four plots, 78 (9.2%) occurred in 

three plots, 138 (16.3%) occurred in two plots, and 497 (58.5%) occurred in one plot 

only. The highest total number of species (448) was found in the 1898/1934 plot and 

the lowest total (339) was in the 1934 plot. At a subplot level, the largest total 

number of macrofungi found was 100 species in C3 of the 1898/1934 plot, and the 

lowest was 43 species in C5 of 1898. The largest number of ectomycorrhizal 

macrofungi found on soil was 61 species in D1 of the 1934 plot. The largest number 

of wood-inhabiting macrofungi on CWD was 38 species in E2 of the Old growth plot 

and on ODW, the largest number was 35 species both in E4 of Old growth and A4 of 

1898. The largest number of macrofungal species on litter was 27 species in E2 of 

1898/1934. 

 

The most frequently recorded macrofungal species are summarised on a combined 

plots and individual plot basis in Table 8.1. The most frequently recorded 

macrofungal species in all plots combined was Mycena cystidiosa, which was also 

the most frequently recorded species on litter. The most frequently recorded wood-

inhabiting fungus was Mycena interrupta, the most frequently recorded 

ectomycorrhizal species on soil was Lactarius eucalypti, and the most common 

decomposer on soil was Discinella terrestris. The large number of records of 

Australoporus tasmanicus on wood in Old growth merely reflects the ability of a 

hard, woody fungus to persist with time. That is, the same fruit bodies tended to be 

recorded during successive visits, thereby bolstering the record total. Mycena 

cystidiosa was the most often recorded agaric in Old growth. 

 



 Chapter 8 – Macrofungi on all substrates combined 

 190 

Table 8.1. Most frequently occurring macrofungal species on various substrates in 

each plot and all plots combined. 

 Most frequently recorded species 
Plot All substrates 

combined 
Decomposer 

on wood 
Ectomycorrhizal 

on soil 
Decomposer 

on soil 
On litter 

Combined 
plots 

Mycena 
cystidiosa 

Mycena 
interrupta 

Lactarius 
eucalypti 

Discinella 
terrestris 

Mycena 
cystidiosa 

1898 Mycena 
cystidiosa 

Stereum ostrea Lactarius 
eucalypti 

Mycena 
vinacea 

Mycena 
cystidiosa 

1934 Mycena 
cystidiosa 

Mycena 
interrupta 

Lactarius 
eucalypti 

Discinella 
terrestris 

Mycena 
cystidiosa 

1898/1934 Discinella 
terrestris 

Mycena 
kurramulla 

Lactarius 
eucalypti 

Discinella 
terrestris 

Mycena 
cystidiosa 

Old growth Australoporus 
tasmanicus 

Australoporus 
tasmanicus 

Cuphocybe 
‘C162’ 

Clavaria 
amoena 

Mycena 
cystidiosa 

 

The Venn diagram in Figure 8.1 shows the distribution of the 849 species on the 

substrates wood, soil and litter. It displays the number of species unique to one 

substrate, and the number of species shared by two or more substrates. In addition to 

the 383, 268 and 40 species found only on soil, wood and litter, respectively, there 

were 52 species shared only by wood and soil, 16 species shared only by soil and 

litter, 46 species shared only by wood and litter, and 44 species that occurred in all 

three substrates. Soil supported the greatest number of species (495), followed by 

wood (410) and then litter (146). 

 

 
Fig. 8.1. Venn diagram showing the distribution of 849 macrofungal species on 

wood, soil and litter. 
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Species accumulation curves on litter 

The randomised species accumulation curves (Figure 8.2) for the 1898 and the Old 

growth plots are almost superimposed on one another, indicating that macrofungal 

species in those plots are accumulating at almost the same rate. The curve for the 

1898/1934 plot is furthest from the other curves, suggesting that new species were 

being collected at a faster rate there than in any of the other plots. The 1934 curve is 

positioned lower than the others, which suggests that the rate of accumulation of 

previously unrecorded species was not as fast for the 1934 plot as for the other three 

plots. Whereas the focus here has been on the rate at which macrofungi accumulate 

during successive visits, the material in the next sub-section shifts the focus to the 

rate at which macrofungi accumulate with increasing number of subplots, which 

serves as a surrogate for plot surface area, each subplot having an area of 100 m2.  

Replication using visits 
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Fig. 8.2. Randomised species accumulation curves for all macrofungi on all 

substrates for each of the four plots, and for all plots combined, vs. the number of 

visits. Each plot was visited 30 times, except for 1898/1934 (29 visits). 
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In each of the four parts of Figure 8.3, species richness is clearly lower on litter than 

on wood or soil. With respect to wood vs. soil, neither has a clear advantage for 

species richness over the other except in 1898/1934, where the number of 

macrofungal species on soil far exceeds the number on wood. 

Replication using subplots 
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1898,species accumulation curves for wood, soil and litter
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1934, species accumulation curves for wood, soil and litter
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1898/1934, species accumulation curves for wood, soil and litter
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Fig. 8.3. Randomised species accumulation curves for all macrofungi on wood, soil 

and litter for each of the four plots using increasing number of subplots as 

replication.  

 

Various estimated species accumulation curves are shown in Figure 8.4 for the total 

species richness of the combined four plots, comprising 100 subplots. The Mao-Tau 

estimator has already been used in Figures 8.2 and 8.3, to simulate a randomised 

species accumulation curve for the observed data when the subplots are chosen in 

random order. A feature of the Mao-Tau estimator is that its estimate for the number 

of macrofungi for the number of samples actually used, in this case 100 subplots, 

will be the actual number of observed species, in this case 849. The other four 

estimators shown in Figure 8.4 differ from the Mao-Tau estimator in that they 

estimate the total number of macrofungal species present as a function of the number 
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of subplots, the total including not only the observed species, but also the unobserved 

species, each estimator thereby providing an estimate of the theoretical total number 

of species that might be expected in the combined plots. The estimates of the 

theoretical total macromycota range from 992 from the Bootstrap estimator to 1417 

from the second-order jacknife estimator Jack2. 
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Fig. 8.4. Estimated species accumulation curves based on the total number of 

subplots in the four plots combined, using all macrofungal species and 5 estimators. 

 

The predicted species richness from each of a wide range of estimators is given in 

tabular form in Table 8.2. All of the estimators produce a figure higher than the 

observed number of species on each substrate with Bootstrap being the closest 

(between 16.0%-20.2% higher). It is clear that the macrofungal species richness 

supported by each substrate is considerably greater than what was actually observed 

during the course of the survey. 
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Table 8.2. Summary of results on predicted total number of macrofungal species on 

each of the substrates, and their combined total, for all plots combined, based upon 

the observed species counts in the 100 subplots.  

 

Substrate 

 

Wood 

 

Soil 

 

Litter 

All 
substrates 
combined 

Estimator :     
ACE 884 696 251 1330 
Bootstrap 493 574 173 992 
Chao1 940 712 259 1379 
Chao2 935 710 258 1374 
ICE 889 699 252 1337 
Jack1 617 675 211 1188 
Jack2 783 781 259 1417 

Observed no. of species 410 495 146 849 

[Note: for definitions for each of the estimators in the above table, see the EstimateS 

User’s Guide.] 

 

Evaluation of survey effort 

Smoothed estimates of the macrofungal species numbers on each of the three 

substrates wood, soil and litter at 5, 10, 15 and 20 subplots expressed as a percentage 

of the total number of fungi found using the full 25 subplots are presented in Table 

8.3 for each of the four plots separately. This tabulation provides the reader with an 

estimate of the percentage of the total number of species expected if a lesser survey 

effort is used than that actually employed in the present study. For 5 subplots, the 

estimates predict that, on average, approximately 46% of the fungi would have been 

obtained from this effort, which represents an area of 500 m2 or only one-fifth of the 

sampling effort actually employed. For 10 subplots, the predicted average is ca. 66%; 

for 15 subplots, it is ca. 79%; for 20 subplots, it is ca. 90%. These estimates reflect 

the familiar ‘law of diminishing returns’ in terms of outcome for sampling effort. In 

general, there is a consistency amongst the 12 individual estimates within each group 

having the same sampling effort, the most notable deviation being that for litter in 

Old growth, which tends to predict a smaller number (and hence, percentage) of 

species than the estimators for the other substrates and plots.  
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Table 8.3. Percentages of the total species accumulation corresponding to lesser 

sampling efforts than the one actually used in this survey. 

 OG 1898 1934 1898/1934 
 5 subplots (500 m2):     

Wood 47.8% 47.1% 44.0% 44.5% 
Soil 48.4% 43.5% 44.6% 45.6% 
Litter 39.1% 49.8% 51.1% 48.7% 

10 subplots (1000 m2):     
Wood 67.8% 68.0% 63.2% 63.9% 
Soil 68.8% 64.3% 64.1% 66.0% 
Litter 57.7% 68.9% 68.7% 66.3% 

15 subplots (1500 m2):     
Wood 81.3% 81.7% 77.4% 77.9% 
Soil 82.1% 78.8% 78.4% 80.0% 
Litter 73.3% 82.2% 81.1% 79.3% 

20 subplots (2000 m2):     
Wood 91.6% 91.9% 89.3% 89.5% 
Soil 92.0% 90.2% 90.0% 90.9% 
Litter 87.2% 92.2% 91.2% 90.3% 

 

Species diversity indices for each plot 

Simpson and Shannon-Wiener species diversity indices are presented in Table 8.4. 

For each index, the values produced are very similar among the plots. Generally 

speaking, because of the large number of records, the standard errors for these 

indices are very low, and thus small differences tend to be significantly different. For 

all but the Shannon-Wiener evenness index, the greatest contrast is between 

1898/1934 and the other three plots, with most of the diversity of the 1898/1934 plot 

being due to its very large number of species on soil. In contrast, the greatest 

contribution to diversity in the 1898 plot was from species on wood. 

 

Table 8.4. Simpson and Shannon-Wiener species diversity indices for each of the 

four plots.  
Plot No. of 

records 
No. of 
species 

(richness) 

Simpson’s 
diversity 

index 

Simpson’s 
evenness 

Shannon-
Wiener 

diversity 

Shannon-
Wiener 

evenness 

Overall 
diversity 
ranking 

Old 
growth 

4558 375 0.9870 0.9894 4.934 0.832 3 

1898 4128 389 0.9872 0.9895 4.936 0.827 2 

1934 3571 339 0.9871 0.9897 4.850 0.833 4 

1898/1934 4232 448 0.9894 0.9914 5.109 0.837 1 
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Effects of rainfall and temperature on macrofungal species on all substrates 

The number of macrofungal species on all substrates combined (i.e., for all forms of 

wood, soil and litter) within each plot is presented in Figure 8.5. The Old growth plot 

has the highest number of species from September 2006 – April 2007. An increase of 

species relative to the immediate preceding months corresponded with a rainfall 

event in January 2007 in all plots, except for 1898/1934 where the increase was not 

marked. This increase was maintained more or less by another rainfall event in 

March 2007 and decreasing temperatures, until the large rainfall event in May 2007 

corresponding to a peak of species in all plots. Macrofungi were found in every 

month of the 14-month period, including February, when rainfall was at its long-term 

annual minimum. 
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Fig. 8.5. Total number of macrofungal species on all substrates combined in each 

plot as a function of total rainfall and average maximum temperature for each month. 

 

The number of macrofungal species on all three substrates of wood, soil and litter 

individually for all plots combined is presented in Figure 8.6. All three groups of 

macrofungi in Figure 8.6, and their total (Figure 8.5), show the same trends with 

temperature and rainfall although not to the same degree. Macrofungal species 

richness on litter decreased from July – December 2006 even though high rainfall 
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occurred continuously from July – October 2006. Soil macrofungi fruited throughout 

the year, with a low in December 2006, but peaked in May 2006 and May 2007 with 

many more species being found in May 2007. Wood had a higher number of 

macrofungal species from June 2006 – April 2007 than soil or litter. Wood supported 

the highest number of species in January 2007, corresponding to a rainfall event. 

Each of the three substrates supported at least one macrofungal species in every 

month of the 14-month survey. 
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Fig. 8.6. Total rainfall and average maximum temperature data for each month 

displayed along with the wood, soil and litter macrofungal species richness for all 

plots combined. 

 

Species assemblages on all substrates combined 

The plot effect on all species of macrofungi based on 119 visits 

The resulting ordination diagrams from CAP-CDA are given in Figure 8.7. The 

misclassification rate, using the ‘leave one out’ procedure, was 4.2% (=5/119). The 

significant result (P-value of 0.00001 from 99,999 permutations) indicates that each 

individual plot has a distinct mycota. There are four tight groupings of the points, 

with only a small degree of overlap among some visits to the two youngest plots, 

1934 and 1898/1934.  
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Fig. 8.7. CAP-CDA diagrams for the effect of plot on the total number of 

macrofungal species in the four plots. Each point represents one of the 119 visits 

made. 
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In Figure 8.8, CAP-CDA analysis shows four quite distinct groupings, with a P-value 

of 0.00001 from 99,999 permutations. The misclassification rate, using the leave-

one-out procedure, is very low at 2.0%. This confirms the very strong effect at the 

plot level that is visually apparent in Figure 8.8, and suggests that differences in the 

macrofungal communities among subplots are much smaller than the plot-to-plot 

differences. 
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Fig. 8.8. CAP-CDA for total numbers of macrofungal species and 100 subplots. 
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The effect of the six substrates on the macrofungal assemblages 

The effect of six different substrates (soil, litter, CWD, ODW, standing trees, and 

stags) on the macrofungal species within each plot separately is depicted in the CAP-

CDA diagrams (Figure 8.9), which consists of four sections (a-d) and four pictures 

(1-4) within each section. The sections pertain consecutively to (a) the Old growth 

plot, (b) the 1898 plot, (c) the 1934 plot, and (d) the 1898/1934 plot. The four 

pictures within a section display pairs of axes from the resulting ordination, with the 

six substrates giving rise to five canonical axes in the CAP-CDA procedure. Thus, 

there are 10 possible pairs of axes that may be displayed graphically for each section; 

for parsimony, only four pairs are shown here, with Axis 1 appearing in all four 

graphs. The P-values for all four plots were highly significant (P=0.00001 from 

99,999 permutations). There are substantial differences among the species 

assemblages on the six substrates for each of the four plots considered separately. 

 

For Old growth (Figure 8.9a), reveals marked differences in the macrofungal 

assemblages (misclassification rate 4.7%). Soil is clearly separated from the other 

assemblages on Axis 1, and the litter assemblage is separated from the other 

substrates on the other axes. Each of the four substrates derived from wood, i.e. 

CWD, ODW, standing trees and stags, show some degree of overlap in some parts 

(1-4) of the figure, but separate on one or more axes.  

 

For 1898 (Figure 8.9b), stags separate from the other substrates on Axis 1 and all 

substrates are separated with some degree of overlap by at least one axis 

(misclassification rate 5.5%). 

 

For 1934 (Figure 8.9c), the misclassification rate was 10.6%, approximately twice as 

high as in Old growth or 1898. Standing trees, soil, and litter are well separated on 

the graph of Axis 3 vs. Axis 1. ODW shows the highest degree of overlap with other 

substrates. 

 

For 1898/1934, the misclassification rate was 9.5%, only slightly lower than for 

1934. The points for soil cluster very tightly and litter is also well separated, as seen 

on the graph of Axis 2 vs. Axis 1. The woody substrates have the most overlap, but 

separate on one or more of the five axes. 
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Fig. 8.9a(1-4). Old growth: CAP-CDA for all macrofungal species on six substrates. 
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Fig. 8.9b(1-4). 1898: CAP-CDA for all macrofungal species on six substrates. 
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Fig. 8.9c(1-4). 1934: CAP-CDA for all macrofungal species on six substrates. 
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Fig. 8.9d(1-4). 1898/1934: CAP-CDA for all macrofungal species on six substrates. 
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Macrofungal assemblages on the six substrates in ‘superplots’ 

The following sections consider only the ‘Mature’ and ‘Pomaderris’ superplots. 

 

The ‘Mature’ superplot 

Figure 8.10 displays the ordination diagrams from CAP-CDA for the test of 

differences between the macrofungal assemblages supported by the six substrates, 

using the visits as replication, for the ‘Mature’ superplot. There is a significant 

separation (P-value of 0.00001 from 99,999 permutations) of each of the six 

substrates on at least one of the five axes. The misclassification rate of 4.1% is lower 

than that of Old growth (4.7%, Figure 8.9a) and 1898 (5.5%, Figure 8.9b), which 

shows that the concept of the ‘Mature’ superplot gives a marginally better result. 
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Fig. 8.10(a-d). CAP-CDA for the effect of substrate on the macrofungal species 

present in the ‘Mature’ superplot.  
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The ‘Pomaderris’ superplot 

Figure 8.11 displays the ordination diagrams from CAP-CDA for the test of 

differences between the macrofungal assemblages supported by the six substrates, 

using the visits as replication, for the ‘Pomaderris’ superplot. Although there is a 

significant separation (P-value of 0.00001 from 99,999 permutations) of each of the 

six substrates on at least one of the five axes, the misclassification rate was 12.3%, 

much higher than for the 1898 plot (5.5%, Figure 8.9b) or the 1898/1934 plot (9.5%, 

Figure 8.9d). Unlike the case of the ‘Mature’ superplot, combining subplots from 

some of the original plots (in this case 1898 and 1898/1934) to make the 

‘Pomaderris’ superplot did not lead to a better result.  
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Fig. 8.11(a-d). CAP-CDA for the effect of substrate on the macrofungal species 

present in the ‘Pomaderris’ superplot. 
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Macrofungal assemblages (all substrates) in the four plots and indigenous seasons 

The resulting diagrams from CAP-CDA are presented in Figure 8.12 and the 

corresponding P-values and misclassification rates are given in Table 8.5. The points, 

representing the lists of macrofungal species, are well separated on the diagrams, but 

the misclassification rates appear to be quite large. However, compared to the 

misclassification rates obtained using the traditional four seasons (Table 8.6), where 

the misclassification rate ranged from 20.0% to 33.3%, the indigenous season 

concept gives a better result. 
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Fig. 8.12(a-d). CAP-CDA for the total number of macrofungal species found in each 

of the four plots, with indigenous seasons defining the groups. 
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Table 8.5. P-values and misclassification rates for each of the CAP-CDA’s on total 

macrofungal species using indigenous seasons. 

Plot P-value, trace 
criterion 

P-value, delta 
criterion 

Misclassification 
rate 

Old growth 0.00001 0.00004 13.3% 

1898 0.00001 0.00001 10.0% 

1934 0.00001 0.00001 13.3% 

1898/1934 0.00001 0.00002 20.7% 

 

Table 8.6. P-values and misclassification rates for each of the CAP-CDA’s on total 

macrofungal species using traditional seasons. 

Plot P-value, trace 
criterion 

P-value, delta 
criterion 

Misclassification 
rate 

Old growth 0.00001 0.00002 23.3% 

1898 0.00001 0.00648 20.0% 

1934 0.00001 0.00001 33.3% 

1898/1934 0.00001 0.00121 31.0% 

 

Correlation of all macrofungal species with vascular plant species 

Five groups of points are substantially separated by the first three axes of CAP-

CCorA (Figure 8.13), the greatest overlap being between the rainforest subplots of 

Old growth and those of 1898. This supports the results obtained from the ‘Mature’ 

superplot approach.  
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Fig. 8.13. CAP-CCorA for all macrofungal species and the number of living stems of 

21 vascular plant species present in each of 100 subplots.  
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Regression analysis of macrofungal species with living stems 

Correlation coefficients relating the response variables (numbers of macrofungal 

species on wood, soil and litter, and total number of species) to the chosen 

explanatory variables (numbers of E. obliqua, N. cunninghamii, P. apetala, and total 

number of living trees), are presented in Table 8.7. Table 8.7 shows that there are no 

significant correlations between wood-inhabiting macrofungi and any of the major 

host species, or the total numbers of living trees. Highly significant positive 

correlation coefficients occur between the numbers of P. apetala and the numbers of 

soil-inhabiting, litter-inhabiting and total macrofungal species, and between the total 

numbers of living trees and the macrofungal species on those same substrates. 

Neither the numbers of E. obliqua living stems nor those of N. cunninghamii are 

involved in any significant correlations with macrofungal species. 

 

Table 8.7. Correlation coefficients for the macrofungal species with total tree species 

and the three most common ectomycorrhizal host trees. P-values <0.05 are shown in 

bold. 

Substrate of 
macrofungal 

species  

Total number 
of living trees 

Numbers of 
Eucalyptus 

obliqua 

Numbers of 
Nothofagus 

cunninghamii 

Numbers of 
Pomaderris 

apetala 

Wood -0.1469 
(P=0.1446) 

-0.0573 
(P=0.5713) 

-0.00354 
(P=0.9721) 

-0.1078 
(P=0.2856) 

Soil 0.5450 
(P<0.0001) 

0.1595 
(P=0.1130) 

-0.00225 
(P=0.9823) 

0.4821 
(P<0.0001) 

Litter 0.3045 
(P=0.0021) 

0.0566 
(P=0.5762) 

-0.1039 
(P=0.3036) 

0.3633 
(P=0.0002) 

All substrates 
combined 

0.3959 
(P<0.0001) 

0.1175 
(P=0.2445) 

-0.0306 
(P=0.7622) 

0.4080 
(P<0.0001) 

 

Discussion 
The diversity of the mycota of a tall wet eucalypt forest 

The total macrofungal diversity (849 species after 14-months surveying) on all the 

substrates combined was very high when compared to similar studies overseas 

(e.g. Tofts and Orton 1998, 502 spp.; Straatsma et al. 2001, 408 spp.) and in 

Australia (e.g. Robinson et al. 2008, 332 spp.; Newbound 2009, 199 spp.), as was the 
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case in the previous chapters, which examined the substrates wood, soil and litter 

separately.  

 

Factors contributing to the high macrofungal diversity 

The high diversity found in each of the plots (Table 8.4) can be attributed to several 

factors. The study was carried out in a native forest subjected to a natural disturbance 

and not a plantation or a managed forest as used in so many studies in the Northern 

Hemisphere. In addition, the forest where the current study was conducted is 

relatively old (the youngest plots were 72 years of age since wildfire disturbance), 

the survey period was intense (fortnightly for 14 months) and the area surveyed (1ha) 

was large. Other factors include the forest type, for example, the tall wet eucalypt 

forests produce a very large amount of dead wood (Chapter 3), the genus Eucalyptus 

forms many ectomycorrhizal associations (Bougher 1995) and E. obliqua plus a 

diverse understorey produce a mixed litter, which may have synergistic effects. 

Furthermore, the mild climatic conditions in southern Tasmania allow fruit body 

production and recording in all months of the year. 

 

Factors affecting abundance and appearance of fruit bodies 

As fruit body monitoring in the current study only encompassed 14 months, absolute 

predictions can not be made regarding fruiting patterns of macrofungi nor was the 

study able to consider the synoptic parameter of annual frequency, a character which 

requires many years of monitoring but provides useful indications for macrofungal 

ecology. For example, a species that fruits only when climatic conditions are 

exceptional may be living at the limit of its geographical range and therefore finds its 

optimum conditions in other climates (De Dominicis and Barluzzi 1983).  

 

The most obvious factor affecting fruit body production is the nature of the substrate 

itself (Lisiewska 1974). It has been shown in the previous chapters (Chapters 4-7) 

and this chapter (Figure 8.1) that the individual substrates of wood, soil and litter 

house a considerable store of diversity of macrofungal species. From the results of 

the other chapters and this chapter (Figure 8.6), it is quite clear that there is an 

optimum time for fruit body production; the delimiters of this time are not so 

obvious. 
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In the current study, although maximum peaks in fruit body appearance on all 

substrates corresponded with a major rainfall event, the numbers of species were not 

correlated with the amount of rain (Figures 8.5 and 8.6). Other studies have also 

found no correlation with fruit body production and high monthly rainfall (Lange 

1984, Arnolds 1988, Eveling et al. 1990). Even though phenological studies in the 

Northern Hemisphere agree that rainfall and temperature affect fruiting patterns of 

macrofungi (Lange 1948, Wilkins and Harris 1946, Hering 1966, Salerni et al. 2002) 

and similarly in Australia (Burns and Conran 1997, Robinson 2001, Newbound 

2009), accounts vary as to when the exact time of fruit body appearance occurs after 

a rainfall event with different genera appearing at different times. Warm 

temperatures can be compensated for by wet conditions. In the current study the 

minor peak of macrofungi in the hot dry time of the year on all substrates (which was 

maintained by subsequent smaller rainfall events until the major peak after the large 

rainfall events) agrees with Lange (1948). However, it was observed that some of the 

larger macrofungi, e.g. boletes and Amanita spp., began emerging from primordia 

but the high temperatures halted the process and essentially ‘cooked’ the fruit bodies 

before they could properly develop and mature.  

 

All substrates supported macrofungal assemblages over the 14 months survey 

although in varying numbers (Figure 8.6, Tables 4.A9 and 4.A10, Table 6.A3, Table 

7.A4); assemblages were very low on soil and litter compared to wood from Sept. 

2006 – May 2007. It is generally agreed that before fruiting, most macrofungi require 

a period of vegetative growth (e.g. Lange 1984, Salerni 2002) in which the mycelia 

accumulates before being triggered to fruit. Thus, the small-bodied species from 

litter-inhabiting genera such as Mycena, Marasmius, Marasmiellus and Entoloma 

should be the first to appear after a good rain. If the conditions are maintained, then 

the larger species of macrofungi may emerge. In this study there did not appear to be 

such conclusive results even accounting for the facts that the lag time between the 

onset of favourable fruiting conditions and fruit body production differs for different 

species of macrofungi, (as has been determined from laboratory culturing of species 

(Lange 1984)) and generally, the larger the fruit body the longer it takes to build up 

an appropriate amount of mycelia (Lange 1978).  
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Other environmental factors, either microclimatic or microecological, apart from 

temporal patterns which would take several years of study to elucidate (Burns and 

Conran 1997) may affect fruiting patterns. For example, the amount of rainfall 

reaching the substrate can be affected by the canopy cover with less rainfall 

penetrating the canopy and reaching the substrate than that outside. In addition, a 

closed canopy reduces the temperature range (Wilkins and Harris 1946). It is 

possible that the amount of rain each plot received was not the same, as localized 

showers of rain do occur (as with Mehus 1986). A rain gauge could have been 

installed at each plot, but it could only have been read once a fortnight. Over this 

length of time, the effects of evaporation could have altered the readings. Similarly, 

soil moisture measurements would have had to be taken at fortnightly intervals and 

not all on the same day.  

 

Indigenous seasons proved to be more definitive than the traditional concept of 

seasons which is based on deciduous trees in the Northern Hemisphere. Although the 

indigenous season of Tunna corresponded very well to the season when most 

numbers of macrofungal species on each substrate appeared (Table 4.A5; Table 

6.A3), there were still misclassifications using the indigenous seasons concept (Table 

8.5). The difficulties involved in finding an infallible window of time for maximum 

fruit body emergence appear to be related to different plot characteristics of slope, 

soil type and pH, vascular plant composition, microclimate effects and perhaps 

differing physiology of different species of macrofungi or tree species. 

 

Macrofungal assemblages and the strong plot effect 

The strong plot effect in all plots, in spite of the 1898 plot being affected in some of 

the subplots by a second fire, is still shown very clearly when the macrofungal 

assemblages on all substrates are combined (see Figures 8.A1, 8.A2, 8.A3, 8.7 and 

8.8.). The positive correlations of soil and litter macrofungal species assemblages 

with P. apetala and total numbers of living stems could be due to the high number of 

ectomycorrhizal macrofungal species found in the P. apetala dominated plot (see 

Chapter 6) and similarly, the species assemblages in litter were highest in the 

P. apetala plot (see Chapter 7). The results could be attributed to the high calcium 

content of the P. apetala litter, the potential increase in the number of 

ectomycorrhizal associations offered by P. apetala, and the increased litter resource 
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of soft, easily decomposed leaves, all of these suppositions being enhanced by the 

very large number of P. apetala living stems. Although CWD was correlated with 

vegetation type (Figure 4.18), it was not correlated with number of stems or any 

particular species which implies that some interaction, perhaps a complex one, with 

the other three woody substrates ODW, standing trees and stags, is responsible for 

the lack of correlation obtained in Table 8.7 in the current chapter. This could be due 

to the inability to identify the wood species in the later stages of decay. However, 

given all the plot differences such as vascular plant community composition, soil pH 

and type, slope and other microclimatic variations and possible interactions of these 

factors, it is impossible to extricate an explanation for the strong plot effect. 

Combining the twice burnt subplots from the 1898 plot with those from 1898/1934 

(Figures 8.12 and 8.13) did not give a better result suggesting that the Pomaderris 

subplots of 1898, were maybe not as affected by the second fire as much as those in 

1898/1934. Again, differences in site characteristics (Chapter 2) could be having an 

effect. 

 

Macrofungal assemblages and substrate specificity 

The majority of species appeared faithful to a substrate. Nevertheless, there was also 

a considerable overlap of substrates, which could be due to a lack of clear definition 

of the substrate. It was difficult to separate the decomposers on soil from the litter 

decomposers (cf. Salo 1993). Unlike the work of Holec (1992), it was not obvious 

that individual species of macrofungi on soil are divided into various layers of the 

litter. This may be due to the nature of eucalypt forest litter compared to that of 

beech woods. Perhaps better categories would have been litter surface decomposers 

and deep litter layer decomposers. Commonly accepted litter decomposers, e.g. 

Mycena epipterygia, M. kuurkacea, M. cystidiosa and M. kurramulla were found on 

litter on the ground, on litter on top of CWD and on wood. Fruit bodies and cords of 

wood decomposers such as Hypholoma sublateritium and Gymnopilus allantopus 

often found litter a suitable habitat as a corridor to a more solid woody substrate. 

This ability to move among substrates illustrates a strategy to survive a lack of 

nutritional and space resource or escape from unfavourable environmental conditions 

that could suppress fruiting, e.g. extreme drought. 
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The ratio of decomposers to ectomycorrhizal species (see Table 8.A1) was greater 

for the mature plots Old Growth and 1898 (ratios of 2.3 and 3.0, resp.) than it was for 

1934 and 1898/1934 (ratios of 1.8 and 1.4, resp.). It can be seen from that table that 

the numbers of decomposer species are fairly similar in each plot, so that the higher 

ratios in the mature plots are mainly due to the lower numbers of ectomycorrhizal 

species in the mature plots compared with the younger plots. The explanation for the 

differences may be related to forest succession. As the forest matures, the floristic 

diversity decreases and tends to be accompanied by a decrease in the number of 

ectomycorrhizal host species (see Table 2.2). However, still to be considered are the 

site variations of soil type, soil pH and slope, for example, that may also contribute 

to the differences. 

 

Ecological importance of high biodiversity in the E. obliqua forests 

High species diversity is attributed to many different niches to be occupied 

(Frankland 1981). Naeem and Li (1997) concluded that biodiversity enhances 

ecosystem reliability, i.e. the ecosystem will continue to perform at a consistent level 

over a unit of time. It is supposed that the more species that exist in an ecosystem the 

more chance there is of species substitution if a species becomes extinct. It is obvious 

from this study there are many niches provided by the substrates of wood, soil and 

litter in the E. obliqua forests at 72 years and longer after a wildfire disturbance. 

How many and of what kind of species this ecosystem can do without and still 

perform at optimum efficiency is not known; more data from studies such as the 

current one are needed to answer such questions. 

 

Conclusions 
This study was carried out in four plots regenerating at different times since wildfire 

in a similar forest type and in quite close proximity to each other. The effect of 

wildfire at a large landscape level is also obvious at the small plot and subplot level. 

The composition of the vascular plant community for each of the four plots chosen in 

the current study show remnant rainforest elements where the fire has leapt across a 

depression and left the vegetation unburnt or the wind has changed direction leaving 

unburnt areas as small as 10x10m. Even within or upon a substrate, microclimates 

exist, such as differing decay classes along the length of a fallen piece of CWD, 
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crevices in logs, humus and litter layers on CWD, bryophyte cover, the underneath of 

large logs or beneath litter, and overhanging vegetation preventing rain or sun from 

reaching the substrate. In spite of these extraneous factors, some or all of which must 

have some effect on the total results, it was shown that: 

• each plot had individual macrofungal assemblages irrespective of whether the 

mycota on each substrate was examined separately or on all substrates 

combined. The plots differed in their vascular plant composition, soil type 

and other characteristics, thus making it difficult to identify the reasons for 

this result.  

• there was variability in the total number of species found at the height of the 

fruiting seasons for 2006 and 2007, the reasons for which cannot be attributed 

to variations in rainfall or temperature. 

• the highest number of total macrofungal species occurred in May in both 

years. 

• the most species-rich plot was the twice burnt 1898/1934 plot, followed by 

the 1898 plot which was later recognised as being partially burnt again in 

1934. This may be related to the presence of Pomaderris apetala in both 

these plots (and its absence from the other two plots). 

• the macrofungal assemblages were affected by the erratic nature of a wildfire, 

which led to an inconsistency in vegetation type even at the small landscape 

level. This was further complicated by differences in soil type and other site 

characteristics, e.g. proximity to a creek and differences in aspect and slope 

that lead to varying microclimates. 
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CHAPTER 9. MACROFUNGI AND SUSTAINABLE FORESTRY  
 

Ecological sustainable forestry includes managing forest ecosystems, wood 

production, and non timber values (Lindenmayer et al. 2000). The conservation of 

biodiversity is one of the goals of ecological sustainable forestry and is very much a 

part of modern forest management planning and decision-making to the extent that it 

must be considered in each management strategy (Kangas and Kuusipalo 1993). In 

previous chapters (Chapters 4-8) the diversity of the macrofungi on the substrates 

wood, soil and litter, and on all substrates combined, was investigated at a small 

spatial scale in a native E. obliqua forest regenerating after wildfire disturbance. In 

this chapter, questions relating to Forestry Tasmania’s current silviculture practices 

in the southern wet eucalypt forests are examined in the light of this diversity. Any 

potential mycological indicator or suite of indicators that could be used in the 

concept of ecologically sustainable forest management is evaluated.  

 

The wildfire chronosequence study provided plots ranging in age from 72 years to 

over 250+ years since the last wildfire. The 72 year old plots were approximately 

two-thirds of the way to being classified as mature (110 years); no younger plots 

(e.g. 10-70 years) were used for comparison in this study. It must be remembered 

that when macrofungal diversity was described on each of the substrates, it was 

evidenced only by visible fruit bodies. The true amount of diversity of this group of 

fungi may be much higher, as mycelium of many species may be present in 

association with a substrate but not manifesting as fruit bodies at the time of 

surveying, perhaps never.  

 

Questions pertaining to forestry management 
Effect of the findings of this study on silvicultural practices 

Q.1. How will findings from this study at the small spatial scale affect the present 

silviculture practice of ‘clearfell, burn and sow’ (CBS) and an alternative silviculture 

procedure, ‘aggregated retention’ (ARN), currently being trialled by Forestry 

Tasmania? 
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Clearfell, burn and sow

In Tasmania, the current silviculture method in the wet eucalypt forests of southern 

Tasmania is ‘clearfell, burn and sow’ (CBS), on rotations of 80-100 years (Hickey et 

al. 2001). A CBS operation removes all living trees and an applied fire of high 

intensity incinerates the logging slash, producing a mineralised ash bed highly 

receptive to seed germination. Regeneration is by aerially sown eucalypt seed. The 

method was considered to mimic the regeneration of a native forest after a wildfire 

disturbance which is essential in the formation of the tall wet eucalypt forests of the 

southern forests in Tasmania (Jackson 1968b). However, after such an operation, 

there are few biological legacies such as stags, patches of live forests, or coppicing 

burnt trees (Lindenmayer and McCarthy 2002). It could be speculated that CBS more 

likely mimics extreme wildfire or successive wildfires at short intervals. Logging 

slash and remnant CWD are considered waste wood (see Yee et al. 2001) and may 

be salvaged for biofuel.  

 (CBS) 

 

The macrofungal species colonising after disturbance are opportunistic and 

combative in their establishment strategies (Pugh and Boddy 1988). This could mean 

that the balance of species in the ecosystem is jeopardised as the less combative 

species are at risk from competition for resource space and nutrients until a greater 

range of niches as in a more mature forest are established. The process of re-

establishment is likely to happen more rapidly after a wildfire in a wet E. obliqua 

forest than after CBS due to the presence of biological legacies usually remaining 

after wildfire. 

 

The findings from the current study have shown that at 72+ years after the natural 

disturbance of wildfire, the macrofungal assemblages supported by different 

substrates are rich and diverse. The 1898/1934 plot at 72 years of regeneration 

contained many ectomycorrhizal species of genera that could be considered as 

representative of a mature forest, e.g. Cortinarius, Russula, Lactarius, and 

Tricholoma. It could mean that the living E. obliqua trees of very large diameter that 

had survived both the 1898 and the 1934 fires were forming these associations rather 

than the younger trees. This suggests that leaving some old living trees in a logged 

patch of forest could provide inoculum for the new regrowth trees as they reach the 

mature development stage.  
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Fire and macrofungal biodiversity 

The disturbance of fire, either wildfire or silvicultural, brings forth a very different 

suite of macrofungal species to that present in the predisturbance forest (Gates et al. 

2005, 2009). Some of these species are early colonisers after disturbance, e.g. 

Laccaria spp. and Laccocephalum sclerotinium. Others are carbonicolous, e.g. 

Tephrocybe carbonicola and Pholiota highlandensis, and others need the heat of the 

fire to fruit, e.g. Laccocephalum tumulosum. Those saprotrophic species that grow on 

wood in dry and exposed areas, e.g. Laetiporus portentosus, Pycnoporus coccineus, 

Trametes versicolor (Cwielong and Rajchenberg 1995, Breitenbach and Kränzlin 

1986) and Schizophyllum commune (Heilmann-Clausen 2001), and are not usually 

found fruiting in a wet eucalypt forest (Ratkowsky and Gates 2005) will also appear 

after disturbance, either natural or anthropogenic. In the current study the most 

species rich plot was the 1898/1934 plot (burnt twice) followed by the 1898 plot that 

was partially burnt again in 1934. This supports the speculation that a mosaic of fires 

within a landscape will enhance fungal diversity. 

 

An interesting aspect of the vegetation regeneration on the 1898/1934 plot was the 

presence of Pomaderris apetala, a species described as a ‘nurse species’ by Unwin 

and Jennings (2006) and commonly associated with disturbance both after wildfire 

and regeneration fire. An amount of macrofungal diversity can be attributed directly 

to the presence of this tree as it provided substrates for wood-inhabiting (see Chapter 

4) and litter (see Chapter 6) fungal assemblages. Furthermore, P. apetala is known to 

form ectomycorrhizal associations and may be an important bridging understorey 

plant maintaining ectomycorrhizal mycelial networks until the dominant E. obliqua 

is established. 

 

A possible effect of rotation time on the macrofungal diversity 

Meggs (1996) found that the amount of dead wood after a CBS logging operation in 

two 15-24 year old regenerating coupes in the wet eucalypt forests of south-eastern 

Tasmania exceeded or at least equalled that in the mature E. obliqua control. 

Furthermore, he found that CBS logging did not significantly affect the amount of 

internal wood decay or the frequency of occurrence of different types of wood-rot. 

However, with subsequent rotations, volumes and the array of diameter and decay 
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stages would be diminished as the CWD input would be from trees of smaller 

diameter and in an earlier decay stage (Grove and Meggs 2003).  

 

Knowledge on the contribution that fungal communities make to forest ecosystems is 

limited. The presence of fruit bodies is an indication of only one aspect of the 

ecology of any species (Salo 1993). A rotation time of 80-100 years could lead to the 

local disappearance of some heart-rot fungi that are either host specific and/or 

dependent upon large diameter living trees. In this study, Phellinus wahlbergii was 

found on living E. obliqua trees in all four plots. These trees were of very large 

diameter and in the younger plots were obviously legacy trees from pre-disturbance 

stands that had escaped previous fires. Australoporus tasmanicus was found 

predominantly in the Old growth plot. It was recorded once from a log in 1934 and 

1898/1934 but both times it was growing on the underside of a very old log which 

also was a legacy from a previous stand. Fomes hemitephrus appears to grow only on 

Nothofagus cunninghamii (in Tasmania) and was recorded in the Old growth plot or 

similarly to A. tasmanicus on legacy stags and logs (of Nothofagus cunninghamii) in 

the younger plots. 

 

The results suggest that if veteran N. cunninghamii trees and large diameter 

E. obliqua living trees and ensuing large diameter dead wood are removed due to the 

succession of the rotation times currently allotted to regeneration coupes in southern 

Tasmania, then the fruit bodies of the aforementioned fungi could locally disappear. 

An amount of genetic biodiversity could be diminished. This sexual stage of a life 

cycle is needed for repair of faulty DNA and the genetic variation that can improve 

overall fitness in the population. Even if the mycelium of the fungus is present in a 

host tree in a younger forest, it may never be given the time needed to manifest as a 

fruit body producing spores.  

 

If these species are lost, then the associated rot types will also locally disappear. 

Studies have shown some beetles prefer a certain rot type (Araya 1993a, 1993b, 

Kaila et al. 1994, Yee 2005). Macrofungal species diversity may be affected as well 

as the complex survival ecology of those organisms (especially invertebrates) that 

interact with either the fungal fruit body/mycelium (Thunes 1994, Midtgaard et al. 

1998, Anderson 2001, Jonsell and Nordlander 2002, Johansson et al. 2006) or the rot 
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produced by the fungus. The consequences and ramifications of the loss of fruit 

bodies of macrofungi on other organisms have not yet been fully investigated. 

 

According to Kranabetter et al. (2005) the minimum rotation age of almost 75 years 

for their study area in British Columbia would likely be too short to re-establish 

fruiting by all the core species of the ectomycorrhizal macrofungal community. 

Based on the data from the current study, the 1898/1934 plot (72 years after a 

wildfire) does have a core ectomycorrhizal component but this may be due to the 

presence of older living trees that escaped previous fires. CBS as practised today was 

only established in Tasmania in 1965 (Hickey and Wilkinson 1999) and there are no 

CBS coupes of 72 years to compare studies with the current one from a wildfire 

chronosequence. 

 

Busing and Garman (2002) suggested leaving regenerating forests for at least 200 

years to allow the complete ecological development of a forest stand. Hickey (1994) 

found that most vascular plants present in old growth forest were represented in 

similar proportions in the 20-30 year-old silvicultural and wildfire regeneration sites. 

A plot of this age was not in the wildfire chronosequence of the current study but one 

of the results (ignoring site characteristics) was that the species assemblages of 

macrofungi were not the same in the plots >100 years as in the younger plots. Once a 

stand has reached the age of the Old growth plot of the current study, it is close to a 

rainforest climax with very few or no living E. obliqua trees. If there is no natural or 

anthropogenic disturbance, then the tall wet eucalypt forests could disappear, along 

with some of the macrofungal diversity that was found in this study to be associated 

with different stages of forest regeneration. For example, as Phellinus wahlbergii 

was only found on eucalypt, it is possible that the absence of disturbance could lead 

to the local disappearance of this heart rot fungus. 

 

‘

The silviculture treatment ‘aggregated retention’ (ARN) is part of an approach to 

modern forestry that aims to minimise the environmental impact during the removal 

of trees for timber (Forestry Tasmania 2009). In this treatment in Tasmania, 

‘aggregates’ or ‘islands’ of native forest are left unharvested in the coupe and the 

harvested corridors are subjected to a low intensity burn. There is no mechanical 

Aggregated retention’ 
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sowing of E. obliqua; seeding is from the islands. The aggregates studied by Gates et 

al. (2009) ranged from 0.5-0.73ha and varied in density of vegetation cover. It was 

found that ‘late stage’ ectomycorrhizal macrofungal species were supported by the 

host species in the aggregates, although species diversity was not as great as in the 

control coupe and the species were not identical. There was evidence that 

ectomycorrhizal macrofungal species were still able to fruit in the harvested area in 

the vicinity of the aggregate, suggesting that the aggregate could provide a source of 

inoculum for the harvested area. The main shortcoming was that the size of the 

aggregates was not large enough to prevent edge effects of encroachment of the burn 

and drying out.  

 

The current study suggests that although macrofungal diversity was perhaps higher in 

the younger 72 years regenerating forest than in the mature forest, the macrofungal 

assemblages were very different within each plot. The reasons for this were 

impossible to identify and further work is needed to clarify the interactions, as 

suggested by the current study, of site characteristics, including soil pH and type, 

vascular plant composition, and microclimates. The implications from the current 

study to assist in the standardizing of protocols for the ARN treatment suggest 

ensuring that as many aggregates (of size at least 1ha) as possible be retained over a 

wide area of landscape to maintain the differing macrofungal assemblages shown to 

be associated with the relatively very small area of a 50x50m plot (=0.25ha). 

 

The results from the current study imply that the better management approach to 

ensure survival of macrofungal diversity associated with forests of different ages is 

to leave some areas of old growth forests unmanaged and to increase the length of 

the rotations in some other areas. At a landscape level it is important to have these 

multi-aged stands juxtaposed to ensure adequate dispersal of species to re-establish 

in the regenerating forests. How much area of forest to leave and the best spatial 

arrangement of these areas to increase and maintain biodiversity need to be 

investigated.  
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Implications for use of dead wood as biofuel 

Q.2. What implications will the findings from this study have on the intended 

harvesting of dead wood as a biofuel for power in industries (e.g., the Newood 

project, pulp mills)?  

 

The continuity (time) and connectivity (space) of dead wood are essential for the 

survival of many macrofungal species, especially those that may have a poor 

dispersal mechanism. Efficient dispersal is most likely to rely on either the closeness 

of another piece of wood on which the spores can land or the mycelia successfully 

invade, or some other vector such as animals. For example, many species of 

corticioid fungi and resupinate polypores grow on the undersides of large pieces of 

wood where the often fragile fruit bodies are protected from desiccation and damage 

by roving animals. These fungi are unable to rely on air convection currents to carry 

the spores upwards and away from the piece of wood in order to land on another 

piece of nearby wood. Connectivity of dead wood and invertebrates as vectors for 

spore dispersal are very important for these species. The continuity of dead wood in 

different decay stages and different diameters is known to be an important 

consideration when looking at management protocols for sustaining and increasing 

biodiversity of birds, invertebrates and small mammals. Northern Hemisphere studies 

(e.g. Bader et al. 1995, Penttilä and Kotiranta 1996, Lindblad 1997, Sippola et al. 

2001) have shown a decline of wood-inhabiting fungi directly as a result of a decline 

in the quantity and quality of dead wood and in particular large dead wood or CWD 

in managed forests. As a result of these studies, many forestry management strategies 

involve adding dead wood of differing sizes and decay classes back into the forest in 

an attempt to maintain and add to the biodiversity of saproxylic macrofungi.  

 

The dead wood in the current study supported a very diverse and rich array of 

macrofungal species assemblages. As the study was conducted in a native tall wet 

eucalypt forest, the amounts of dead wood were very high and in varying stages of 

decay and of different lengths and diameters (see Chapter 3). Plans for industrial-

scale fuelwood harvesting in Tasmanian wet eucalypt forests were well advanced in 

2003 (Grove and Meggs 2003). It was recognised that the effect of CBS on CWD in 

these forests should be considered ecologically as overseas studies have shown a 

reduction in attendant biodiversity as a result of such practices (Grove and Meggs 
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2003). However, ecological monitoring of forestry operations in Tasmania is a 

relatively new concern and much more work is needed to instigate protocols that do 

provide for sustainable forest management as set out in the Sustainability Charter 

(Forestry Tasmania 2008).  

 

Are small diameter wood and litter worth considering in forest management? 

Other substrates which are rarely, if ever, considered in forest management are those 

of fine woody debris and litter. Small diameter wood, twigs and leaf matter are 

particularly vulnerable to silvicultural treatments that involve any intensity of 

burning. The current study has shown that many macrofungal species involved in the 

decomposition of FWD and litter would be lost during a fire. In particular, resupinate 

macrofungi (see Chapter 5) are at risk after wildfire or forestry silviculture 

treatments involving burning of logging slash and fine woody debris.  

 

The reappearance of macrofungal species after disturbance may appear to be 

relatively quick, depending on the amount of organic matter remaining and the 

accumulation of a new litter layer from the regenerating vegetation. Recolonisation 

could be from airborne spores from nearby forests or from resistant spores or 

propagates in the soil. The species richness, however, of these species is much 

reduced. There is no doubt that the removal of large and small dead wood and litter, 

either physically or by burning (either wildfire or regeneration fire) will mean the 

immediate loss of many species of decomposer macrofungi and several 

ectomycorrhizal corticioid fungi. 

 

Many questions remain unanswered in the effect of silviculture treatments on 

macrofungal diversity. For example, what is the recolonisation process of species 

from adjacent areas with different fire histories? How many of the substrate-specific 

species need to be retained before irreversible damage is done to an ecosystem? How 

many of these species are able to endow the ecosystem with resilience and are any 

better than others at combating disturbance? What are the combative strategies of the 

species themselves? Not enough is known about the ecology of the individual species 

and their interactions to answer these questions.  
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Indicators of biodiversity of macrofungi 
The concept of an indicator species or suite of species is appealing and important 

because of the impossibility of monitoring everything (Lindenmayer et al. 2000). An 

indicator species is an organism whose presence can be used to indicate both positive 

and negative changes in an ecosystem (for more detail, see Lindenmayer et al. 2000). 

Macrofungi in Australia present problems with the concept of indicator species. 

These include the lack of taxonomic work within the diverse groups and the lack of 

ecological knowledge pertaining to substrate specificity, growth, reproduction, 

dispersal and survival. The limits of survival of most macrofungi in a native eucalypt 

forest are unknown.  

 

Christensen et al. (2004) suggest that if using a wood-inhabiting fungus as an 

indicator of nature value, then it must be strictly wood-inhabiting, show a clear 

preference for old living or dead trees, which implies it should be a heart rot fungus 

or late successor confined to large diameter dead wood, and the fruit bodies must be 

able to be easily identified in the field. The current study suggests that the heart rot 

agents, i.e. the polypores Australoporus tasmanicus, Fomes hemitephrus and 

Phellinus wahlbergii, could be potentially good indicator species of old forests (of 

value for aesthetic and biodiversity reasons) as they appear to be host and/or age 

specific. They could be of use in the establishment of reserves similar to the WKH’s 

(woodland key habitats) in Finland (Hottola and Siitonen. 2008). 

 

Folke and Knudsen (1994) suggest that ectomycorrhizal macrofungi, by providing a 

number of different benefits to the tree, improving soil quality and the stability of the 

ecosystem as a whole, are good indicators of forest condition. If the number of 

ectomycorrhizal species of selected genera with large, easily seen fruit bodies, e.g. 

Boletus, Tricholoma, Russula and Lactarius in 10ha remains relatively constant after 

a certain time, then the forest can be classified as sustainably managed (Folke and 

Knudsen 1994). CBS coupes of 10 years, 30 years and 70 years need to be surveyed 

to obtain more valid information on the re-establishment of the ectomycorrhizal 

communities after a logging operation. Plots at earlier stages of regeneration after 

wildfire (i.e. 10 and 30 years) also need to be surveyed. It would be difficult to 

produce a suite of indicator species that would suit all forest types, although if certain 
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genera indicative of a forest age and natural value were common to both, then it 

could be possible to produce a suite of ‘indicator genera’. 

 

In this study there were indicator species suggested by the species found associated 

with the attributes length and surface area, decay class and diameter of CWD. A list 

of macrofungi that were more often associated with large diameter wood, or wood in 

a high decay class and thus more representative of a forest age or type could be 

concatenated; however, at the present stage the conclusiveness of such a list would 

be open to much criticism and result in misleading observations, which is so often 

the case with data obtained over a short period of time from a small area. The other 

factor to be considered is that a list of indicator species obtained from this study will 

only refer to the wet E. obliqua forests of southern Tasmania. Care must be taken to 

avoid extrapolation to other forest types, for which independent lists should be 

obtained. 
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OUTCOMES OF STUDY 
• This thesis adds to the knowledge of stand dynamics in the native wet 

E. obliqua forests in southern Tasmania subjected to differing wildfire 

regimes. This knowledge can aid in the development of criteria for the 

maintenance of CWD and attendant biodiversity.  

• This is one of the few studies from the Southern Hemisphere that has 

investigated the ecology of macrofungi, in particular, the saproxylic 

macrofungi, in a native forest.  

• This study has determined trends in CWD across a fire-age chronosequence 

in wet eucalypt forest. 

• Length and decay stages of CWD are important for maintaining species 

richness and diversity of wood-inhabiting fungi. 

• CWD, soil and litter were all shown to support different assemblages of fungi 

at each of the times since wildfire (Old growth, 1898, 1934, 1898/1934) and 

within each plot. 

• Results may be used in conjunction with other short term studies to review 

guidelines for current forest silvicultural practices in Tasmania (CBS and 

ARN). 

• Fungal communities within small areas of wet native forests are both diverse 

and species rich. 

• The study has provided a substantial contribution to the documentation of the 

macrofungi of Tasmania’s wet eucalypt forests and preliminary investigations 

into the diversity and functional roles of these fungi.  

• The results of this study will aid ecologists, forest managers, agriculture 

managers and land developers in understanding the contribution macrofungi 

make to the biodiversity of, and the roles they have in the functioning of the 

native wet E. obliqua forests in southern Tasmania. This knowledge, although 

obtained at the small spatial scale, may be used to test hypotheses at the wider 

landscape level. 

• These data from the Warra LTER can be compared at different times and 

different locations and globally, in biogeographic, taxonomic and habitat 

terms to other databases.  
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• This study demonstrates the complexity of fungal communities operating at a 

small spatial scale in wet eucalypt forests. 

• Macrofungal diversity has been used to demonstrate the long-term response 

of fungal communities to disturbance in a native forest. Similar work is 

needed in the managed forests of Tasmania to provide comparative results 

against which to assess the levels of diversity supported by a forest managed 

for timber at different ages of regeneration. 

 

FUTURE DIRECTIONS 
• Many of the macrofungal taxa collected are new to Tasmania and most likely 

the world. The voucher collections and the cultures obtained for molecular 

work can be used in the Consortium for the Barcode of Life (CBOL) project 

(viewed 1 Dec. 2008). These collections and cultures are available for future 

studies that investigate wood decay, ectomycorrhizal fungi and forest 

ecology. 

• A molecular based study on ectomycorrhizal root tips would be of particular 

interest. This study highlighted the huge gaps in the state of taxonomic 

knowledge in Australian forest macrofungi, especially the corticioid fungi 

and the ectomycorrhizal family Cortinariaceae which forms associations with 

many eucalypt species. 

• The current study looked at macrofungal diversity on the outside of the log; a 

follow-up study could investigate the inside of the logs for comparison, using 

molecular techniques. 

• The results of this thesis will be valuable for future work assessing not just 

conservation issues of CWD and macrofungal diversity but for monitoring 

the effects of pollution, global warming and climate change.  
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APPENDIX 1 – ADDITIONAL TABLES AND FIGURES 
Chapter 2

The percent nitrogen (N) and phosphorus (P) for each soil sample in each plot are 

displayed as a scatter diagram in Figure 2.A1. Old growth has lower soil nitrogen at 

0-20cm and at 40-60cm than the other plots, while 1898/1934 has the highest at all 

depths. The other two plots (1898 and 1934) have almost identical nitrogen, and both 

are lower than Old growth at 20-40cm. Old growth has higher percent soil 

phosphorus than the other plots at all depths, with 1934 having the lowest. The other 

two plots have closely similar phosphorus, and are intermediate between Old growth 

and 1934. 

: 

 

%Total Phosphorus vs. %Total Nitrogen
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1898/1934, 40-60 cm

 
Fig. 2.A1. Percent total nitrogen and percent total phosphorus for each soil sample. 
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Table 2.A1. Soil profiles for each of the soil samples taken from the four plots. 

Old growth: 

Subplot Depth (cm) Colour Texture 
A1 0-20 10YR 4/6 dark yellowish 

brown 
light clay 

 20-40 10YR 4/6 dark yellowish 
brown 

light clay 

 40-60 10YR 4/6 dark yellowish 
brown with 7.5Y 6/8 
reddish yellow mottles 

light clay 

C3 0-20 10YR 5/2 greyish brown light-medium clay 
 20-40 10YR 5/3 brown with 

yellowish brown mottles 
10YR 5/6 

light-medium clay 

 40-60 10YR 5/3 brown light-medium clay 
E5 0-20 10YR 5/2 greyish brown clay loam 
 20-40 10YR 4/2 dark greyish 

brown 
light clay full of 
gritty quartz 
particles 

 40-60 10YR 5/2 greyish brown, 
10YR 6/6 brownish 
yellow mottles, and 
strong brown mottles 
7.5YR 5/8 

medium clay, very 
gritty (W) 

Note: (W) means that water logging was present at that depth 
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1898: 

Subplot Depth (cm) Colour Texture 
A5 0-20 10YR 6/3 very dark 

greyish brown 
light clay 

 20-40 10YR 5/6 yellowish 
brown with 20% grey 
mottles 10YR 6/1 

medium-heavy clay 

 40-60 7.5YR 5/8 strong brown, 
mottled 40% grey, 
10YR 6/1 

medium-heavy clay 
(W) 

C3 0-20 10YR 5/2 greyish brown light clay 
 20-40 10YR 5/2 greyish brown light clay 
 40-60 10YR 6/2 light brownish 

grey 
light clay 

E1 0-20 10YR 4/2 dark greyish 
brown with lighter 
10YR 4/4 patches 

light clay 

 20-40 10YR 6/4 light yellowish 
brown 

light clay, some 
sand 

 40-60 10YR 5/6 yellowish 
brown 

light clay with 
some grit 

Note: (W) means that water logging was present at that depth 

 

1934: 

Subplot Depth (cm) Colour Texture 
D1 0-20 10YR 3/2 black organic horizon 
 20-40 10YR 5/1 grey sandy clay loam 
 40-60 10YR 5/2 greyish brown light clay, slightly 

hygroscopic 
D3 0-20 10YR 5/2 greyish brown light clay with lots 

of humus, spongy 
 20-40 10YR 3/2 very dark 

greyish brown 
very light clay with 
sand 

 40-60 10YR 5/1-2 greyish 
brown 

light clay 

D5 0-20 10YR 3/1 very dark grey 
with light grey 10YR 
7/1 mottles 

light clay 

 20-40 10YR 6/2 light brownish 
grey with some 
yellowish brown mottles 

very light clay (W) 

 40-60 10YR 6/4 light yellowish 
brown 

light clay 

Note: (W) means that water logging was present at that depth 
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1898/1934: 

Subplot Depth (cm) Colour Texture 
A1 0-20 10YR 4/3 brown light clay 
 20-40 10YR 5/3 brown light clay 
 40-60 rock NA 
C3 0-20 10YR 5/6 yellowish 

brown 
light clay 

 20-40 10YR 6/6 brownish 
yellow with mottles of 
7.5Y 6/8 reddish yellow 

medium-light clay 

 40-60 10YR 6/8 brownish 
yellow with light grey 
10YR 7/1 mottles 

medium-heavy clay 
(W) 

D5 0-20 10YR 4/4 dark yellowish 
brown 

light clay with 
organic matter 

 20-40 10YR 4/3 brown light-medium clay 
 40-60 10YR 4/3 brown medium clay 

Note: (W) means that water logging was present at that depth 

 

Table 2.A2. Mean slopes, their standard errors (SE), and the ranges of the measured 

slopes in the four plots. 
Plot Mean slope, deg. SE Range (based on 12 subplots) 

Old growth 5.44 1.54  0–16  
1898 8.11 1.38  3–19  
1934 14.78 1.38  7–28  

1898/1934 16.89 0.79  12–20  
 
The 1934 plot had the biggest range. The Old growth and the 1898 plots were not as 

steep as the 1934 and the 1898/1934 plots. 

 

The numbers of Gahnia grandis and Dicksonia antarctica plants are shown in Table 

2.A3 for each plot. It can be seen that the younger forest plots (1934 and 1898/1934) 

have a very large number (192 combined) of Gahnia grandis plants compared to the 

older forest plots of 1898 and OG (8 combined). The distribution of Dicksonia 

antarctica is the reverse with the younger plots having a combined total of 51 plants 

and the older plots, 104. 
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Table 2.A3. Numbers of Gahnia grandis and Dicksonia antarctica plants per plot. 

Plot Gahnia grandis Dicksonia antarctica 

OG 3 61 

1898 5 43 

1934 60 25 

1898/1934 132 26 

Total 200 155 

 

Chapter 3

Table 3.A1. CWD decay classification (Webber 2006) as used by Forestry Tasmania. 

: 

(The 5-group decision-tree of decay classification was developed from cluster 

analysis of Eucalyptus obliqua samples.) 

 

PARAMETER  QUESTION  DECISION 

    YES NO 

Shape  Is the log rubble on the ground?  Class 5 continue 

 Is the log flattening out?  Class 4 continue 

Bark  Is there any bark remaining?  Class 1 continue 

Cracks  Is the log splitting apart?  Class 3 continue 

 Is the sample devoid of any 
cracks?  Class 2 continue 

Log Density  Is the log solid (not soft/porous)?  Class 2 Class 3 
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Table 3.A2. CWD and stag decay classification to accommodate E. obliqua and other 

tree species. (G. Gates). 

Decay 
class 

 
Characteristics 

1  Log freshly downed, entire, cylindrical, wood hard, sound, bark intact, 
no sign of internal decay or external macrofungal fruit bodies  

Stag limbs and branches all present, 100% bark present. 
1.5 Wood has been lying on the ground for some time, cracks appearing in 

bark. 
2 Log remaining solid, losing some bark, some Basidiomycota fruit 

bodies appearing, such as Mycena spp., and some Ascomycota such 
as Hypoxylon spp. and Hypocrea aff. megalosulphurea, bryophyte 
cover sparse. 

Stag some loss of limbs and bark but sound at base. 
2.5 Log with many macrofungal fruit bodies, but exhibiting no sign of 

softening. Category included to accommodate Pomaderris apetala. 
3 Log retaining round shape, bark may be present, bryophyte cover 

present but variable, some degree of heart rot, still quite firm on the 
outer surface, many external macrofungal fruit bodies present in 
season. 

Stag distinctly rotten at base, in E. obliqua the bark can still be intact at 
this stage. 

3.5 Log beginning to flatten, becoming softer, often with seedling trees, 
wood-inhabiting macrofungal genera such as Gymnopilus, Galerina, 
ectomycorrhizal genera such as Laccaria, Cortinarius and Russula 
associated with the seedling trees (Tedersoo et al. 2003) and 
corticioids (resupinate fungi) being commonplace, bryophyte cover 
substantial. Roots from nursery trees making their first appearance. 

4 Log half its original diameter, often with only the sides remaining but 
still recognizable as a log or a log that may be prolifically 
interspersed with roots from nursery trees of considerable size. 

Stag still standing with outer bark intact but obviously very decayed 
inside. This category is for Nothofagus stags. 

4.5 CWD disintegrating into splinters and losing outline. 
 

5 CWD reduced to a pile of humus, still with very small wood fragments 
present, outline just visible, mound-like appearance or a ‘cage’ of 
roots from a nursery log with some woody humus remaining.  

Stag reduced to a thin central core, no outer wood but still standing. 
This category is for Nothofagus stags. 

 

The number of pieces of CWD in each decay class and their average volume in that 

decay class is shown in Table 3.A3. 
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Table 3.A3. Number of pieces of CWD and average volume of CWD (m3) within 

each decay class. 

 

The average CWD diameter of the 965 pieces of CWD in the four Bird Track plots 

combined is shown in Table 3.A4. 

Table 3.A4. Average CWD diameter (cm) (± SE) within each decay class. 

Decay class No. of pieces of CWD Average CWD diameter ± SE 
1 2 24.0 ± 6.0 

1.5 6 15.0 ± 1.59 
2 18 14.2 ± 1.28 

2.5 99 18.6 ± 1.06 
3 361 34.2 ± 1.92 

3.5 261 39.4 ± 2.40 
4 145 37.5 ± 2.49 

4.5 56 41.9 ± 5.31 
5 17 53.7 ± 10.6 

Total 965  
 

The average percent bryophyte cover of the 965 pieces of CWD in the four plots 

combined as a function of decay class is shown in Table 3.A5. 

Decay class No. of pieces of CWD Volume m3 (ave.) ± SE 
1 2 0.225 ± 0.108 

1.5 6 0.087 ± 0.022  
2 18 0.098 ± 0.023 

2.5 99 0.152 ± 0.024 
3 361 1.194 ± 0.189 

3.5 261 1.308± 0.214 
4 145 1.039 ± 0.276 

4.5 56 1.179 ± 0.452 
5 17 0.731 ± 0.244 

Total 965  
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Table 3.A5 Average percent bryophyte cover within each decay class. 

Decay class No. of pieces of CWD Ave. %Bryophyte cover ± SE 
1 2 0.0 ± 0.0 

1.5 6 0.0 ± 0.0 
2 18 3.47 ± 2.78 

2.5 99 18.84 ± 2.61 
3 361 48.78 ± 1.64 

3.5 261 57.06 ± 2.01 
4 145 55.15 ± 2.73 

4.5 56 71.96 ± 3.67 
5 17 83.24 ± 6.43 

Total 965  
 

Table 3.A6 shows the cumulative percentages of pieces of CWD vs. decay class. 

Table 3.A6. Cumulative percentages of pieces of CWD in decay class distribution for 

each plot vs. decay class. 

Decay class OG 1898 1934 1898/1934 
1 0 0 0.75 0 

1.5 0 0 2.64 0.36 
2 0 4.12 4.91 2.18 

2.5 2.35 10.59 21.89 15.64 
3 40.39 44.71 61.13 52.73 

3.5 67.84 70.00 83.77 84.73 
4 87.84 91.76 94.72 94.91 

4.5 97.25 97.65 98.49 99.27 
5 100 100 100 100 

 

 

Table 3.A7 shows the cumulative percentages of pieces of CWD vs. diameter class. 
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Table 3.A7. Cumulative percent pieces of CWD diameter distribution versus 

diameter class end-point. 

Diameter class 
(end-point), cm 

Cumulative 
frequency 

(OG) 

Cumulative 
frequency 

(1898) 

Cumulative 
frequency 

(1934) 

Cumulative 
frequency 

(1898/1934) 
15 30.6 34.7 30.2 37.5 
25 69.4 50.6 59.2 58.9 
35 80.4 61.2 70.6 72.7 
45 84.7 68.2 78.9 77.5 
55 87.8 74.1 83.0 84.7 
65 89.4 78.2 87.9 90.9 
75 91.4 82.9 89.8 93.1 
85 94.1 84.1 89.8 94.5 
95 96.5 85.9 90.9 96.0 

105 98.8 88.2 93.2 97.5 
115 98.8 89.4 94.3 98.5 
125 98.8 90.0 94.7 98.9 
135 98.8 91.2 96.6 99.3 
145 98.8 92.4 97.0 99.6 
155 98.8 95.3 97.4 99.6 
165 98.8 95.9 98.1 100 
175 98.8 96.5 98.5 100 
185 99.2 97.1 98.9 100 
195 99.6 97.6 98.9 100 
205 100 98.8 100 100 
215 100 98.8 100 100 
225 100 99.4 100 100 
265 100 100 100 100 

 

Tables from CWD profiles 

CWD volume distribution amongst decay class and diameter class for all plots 

combined and for each individual plot is shown in Table 3.A8(a-e). 

Table 3.A8(a-e). Profile for the volume of CWD (m3) in each combination of decay 

class and diameter class (cm). 

(a) All plots combined 
Total Volume of CWD Diameter class, cm    

  ≤15 15/30 30/60 60/90 90/120 120/150 >150 Totals 
 1 0 0.4 0 0 0 0 0 0.4 
 1.5 0.2 0.4 0 0 0 0 0 0.5 
 2 0.8 1.0 0 0 0 0 0 1.8 

Decay 2.5 3.3 6.9 4.8 0 0 0 0 15.0 
 class 3 5.6 17.5 42.2 43.1 77.0 99.7 145.7 430.9 

 3.5 3.1 12.4 36.2 37.7 83.8 75.2 93.1 341.5 
 4 1.2 8.1 22.4 38.7 21.9 24.8 33.6 150.6 
 4.5 0.3 3.9 12.3 23.6 0 0 25.9 66.0 
 5 0.1 0.2 4.9 0.9 3.1 0 3.1 12.4 
 Totals 14.5 50.9 122.9 144.0 185.9 199.6 301.4 1019.2 
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(b) Old growth 
Total Volume of CWD Diameter class, cm    

  ≤15 15/30 30/60 60/90 90/120 120/150 >150 Totals 
 1 0 0 0 0 0 0 0 0 
 1.5 0 0 0 0 0 0 0 0 
 2 0 0 0 0 0 0 0 0 

Decay 2.5 0.1 0.2 0 0 0 0 0 0.3 
 class 3 1.1 5.9 4.1 5.1 5.1 0 13.6 34.9 

 3.5 0.9 2.2 4.1 19.5 26.9 0 28.2 81.9 
 4 0.3 2.8 3.4 21.6 3.5 0 33.6 65.2 
 4.5 0.2 1.5 3.0 18.8 0 0 0 23.5 
 5 0 0.2 3.5 0 0 0 0 3.7 
 Totals 2.5 12.7 18.2 65.0 35.5 0.0 75.5 209.5 

 

(c) 1898 
Total Volume of CWD Diameter class, cm    

  ≤15 15/30 30/60 60/90 90/120 120/150 >150 Totals 
 1 0 0 0 0 0 0 0 0 
 1.5 0 0 0 0 0 0 0 0 
 2 0.3 0.1 0 0 0 0 0 0.4 

Decay 2.5 0.7 0 0 0 0 0 0 0.7 
 class 3 0.9 2.4 6.1 9.4 10.8 35.4 82.2 147.1 

 3.5 0.4 1.0 8.4 2.1 21.4 42.3 52.3 127.8 
 4 0.2 1.4 4.7 11.2 5.9 24.8 0 48.1 
 4.5 0.1 0.2 5.2 4.0 0 0 23.9 33.3 
 5 0 0 1.0 0 3.1 0 0 4.2 
 Totals 2.6 5.1 25.4 26.6 41.2 102.4 158.4 361.7 

 

(d) 1934 
Total Volume of CWD Diameter class, cm    

  ≤15 15/30 30/60 60/90 90/120 120/150 >150 Totals 
 1 0 0.4 0 0 0 0 0 0.4 
 1.5 0.2 0.4 0 0 0 0 0 0.5 
 2 0.4 0.2 0 0 0 0 0 0.6 

Decay 2.5 0.8 4.5 4.8 0 0 0 0 10.2 
 class 3 1.6 5.1 14.0 4.5 45.5 64.3 42.2 177.1 

 3.5 0.7 3.3 6.4 10.9 10.7 15.4 12.6 60.0 
 4 0.3 2.2 6.3 0 4.7 0 0 13.5 
 4.5 0.1 0.5 2.5 0.8 0 0 2.0 5.8 
 5 0.0 0 0.4 0.9 0 0 3.1 4.5 
 Totals 4.1 16.7 34.3 17.0 60.9 79.7 59.9 272.7 
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(e) 1898/1934 
Total Volume of CWD Diameter class, cm    

  ≤15 15/30 30/60 60/90 90/120 120/150 >150 Totals 
 1 0 0 0 0 0 0 0 0 
 1.5 0.0 0 0 0 0 0 0 0 
 2 0.1 0.6 0 0 0 0 0 0.7 

Decay 2.5 1.6 2.2 0 0 0 0 0 3.8 
 class 3 2.0 4.2 18.0 24.2 15.7 0 7.6 71.7 

 3.5 1.2 5.8 17.3 5.2 24.7 17.5 0 71.8 
 4 0.3 1.6 8.1 5.9 7.9 0 0 23.8 
 4.5 0 1.8 1.6 0 0 0 0 3.3 
 5 0.0 0.1 0 0 0 0 0 0.1 
 Totals 5.3 16.3 45.0 35.3 48.2 17.5 7.6 175.3 

 

 

The distribution of the number of pieces of CWD amongst decay class and diameter 

class for all plots combined and for each individual plot is shown in Table 3.A9(a-e). 

 

Table 3.A9(a-e). Profile for the number of pieces of CWD in each combination of 

decay class and diameter class. 

(a) All plots combined 
Numbers of pieces of CWD Diameter class, cm    

  ≤15 15/30 30/60 60/90 90/120 120/150 >150 Totals 
 1 0 2 0 0 0 0 0 2 
 1.5 3 3 0 0 0 0 0 6 
 2 14 4 0 0 0 0 0 18 

Decay 2.5 56 36 7 0 0 0 0 99 
 class 3 128 133 53 16 13 9 9 361 

 3.5 77 87 54 17 13 6 7 261 
 4 33 54 35 16 4 2 1 145 
 4.5 7 25 16 6 0 0 2 56 
 5 2 3 9 1 1 0 1 17 
 Totals 320 347 174 56 31 17 20 965 

 

(b) Old growth 
Numbers of pieces of CWD Diameter class, cm    

  ≤15 15/30 30/60 60/90 90/120 120/150 >150 Totals 
 1 0 0 0 0 0 0 0 0 
 1.5 0 0 0 0 0 0 0 0 
 2 0 0 0 0 0 0 0 0 

Decay 2.5 4 2 0 0 0 0 0 6 
 class 3 32 51 11 1 1 0 1 97 

 3.5 25 25 8 7 4 0 1 70 
 4 13 25 5 6 1 0 1 51 
 4.5 4 12 4 4 0 0 0 24 
 5 0 2 5 0 0 0 0 7 
 Totals 78 117 33 18 6 0 3 255 
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(c) 1898 
Numbers of pieces of CWD Diameter class, cm    

  ≤15 15/30 30/60 60/90 90/120 120/150 >150 Totals 
 1 0 0 0 0 0 0 0 0 
 1.5 0 0 0 0 0 0 0 0 
 2 6 1 0 0 0 0 0 7 

Decay 2.5 11 0 0 0 0 0 0 11 
 class 3 21 19 5 4 2 3 4 58 

 3.5 12 9 9 3 3 3 4 43 
 4 7 12 9 6 1 2 0 37 
 4.5 2 1 5 1 0 0 1 10 
 5 0 0 3 0 1 0 0 4 
 Totals 59 42 31 14 7 8 9 170 

 

(d) 1934 
Numbers of pieces of CWD Diameter class, cm    

  ≤15 15/30 30/60 60/90 90/120 120/150 >150 Totals 
 1 0 2 0 0 0 0 0 2 
 1.5 2 3 0 0 0 0 0 5 
 2 5 1 0 0 0 0 0 6 

Decay 2.5 15 23 7 0 0 0 0 45 
 class 3 33 35 15 4 8 6 3 104 

 3.5 16 21 16 3 1 1 2 60 
 4 7 10 11 0 1 0 0 29 
 4.5 1 4 3 1 0 0 1 10 
 5 1 0 1 1 0 0 1 4 
 Totals 80 99 53 9 10 7 7 265 

 

(e) 1898/1934 
Numbers of pieces of CWD Diameter class, cm    

  ≤15 15/30 30/60 60/90 90/120 120/150 >150 Totals 
 1 0 0 0 0 0 0 0 0 
 1.5 1 0 0 0 0 0 0 1 
 2 3 2 0 0 0 0 0 5 

Decay 2.5 26 11 0 0 0 0 0 37 
 class 3 42 28 22 7 2 0 1 102 

 3.5 24 32 21 4 5 2 0 88 
 4 6 7 10 4 1 0 0 28 
 4.5 0 8 4 0 0 0 0 12 
 5 1 1 0 0 0 0 0 2 
 Totals 103 89 57 15 8 2 1 275 

 

 

CWD percent bryophyte cover distribution amongst decay class and diameter class 

for all plots combined and for each individual plot is shown in Table 3.A10(a-e). 
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Table 3.A10(a-e). Profile for average percentage bryophyte cover in each 

combination of decay class and diameter class. 

(a) All plots combined 

% Bryophyte cover Diameter class, cm    
  ≤15 15/30 30/60 60/90 90/120 120/150 >150 Averages 
 1 - 0 - - - - - 0.0 
 1.5 0 0 - - - - - 0.0 
 2 4.5 0 - - - - - 3.5 

Decay 2.5 12.9 23.7 41.4 - - - - 18.8 
 class 3 37.5 48.0 58.7 64.4 66.5 77.8 78.9 48.8 

 3.5 37.6 57.9 69.0 78.2 74.6 74.2 69.3 57.1 
 4 36.1 52.0 64.9 76.3 77.5 60.0 75.0 55.2 
 4.5 54.3 75.0 70.9 86.7 - - 60.0 72.0 
 5 60.0 100 78.9 95.0 100 - 90.0 83.2 

Averages  31.8 49.8 64.6 74.9 72.4 74.4 74.0 49.6 
 
(b) Old growth 
% Bryophyte cover Diameter class, cm    

  ≤15 15/30 30/60 60/90 90/120 120/150 >150 Averages 
 1 - - - - - - - 0 
 1.5 - - - - - - - 0 
 2 - - - - - - - 0 

Decay 2.5 48.8 55.0 - - - - - 50.8 
 class 3 45.3 50.6 60.0 80.0 80.0 - 80.0 50.8 

 3.5 56.9 57.0 78.8 84.3 81.3 - 70.0 63.8 
 4 39.4 48.2 55.0 85.0 100.0 - 75.0 52.5 
 4.5 67.5 80.0 77.5 92.5 - - - 79.6 
 5 - 100.0 98.0 - - - - 98.6 

Averages  49.4 55.4 71.7 86.1 84.2 0 75.0  
 
(c) 1898 
% Bryophyte cover Diameter class, cm    

  ≤15 15/30 30/60 60/90 90/120 120/150 >150 Averages 
 1 - - - - - - - 0.0 
 1.5 - - - - - - - 0.0 
 2 10.4 0 - - - - - 8.9 

Decay 2.5 25.6 - - - 0 - - 25.6 
 class 3 44.0 46.6 49.0 60.0 60.0 73.3 77.5 50.8 

 3.5 28.8 60.6 59.4 80.0 81.7 85.0 66.3 56.5 
 4 27.9 45.8 62.8 71.7 70.0 60.0 - 52.2 
 4.5 45.0 90.0 78.0 80.0 - - 70.0 72.0 
 5 - - 66.7 - 100 - - 75.0 

Averages  32.2 49.3 62.4 70.7 76.4 74.4 71.7  
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(d) 1934 
% Bryophyte cover Diameter class, cm    

  ≤15 15/30 30/60 60/90 90/120 120/150 >150 Averages 
 1 - 0 - - - - - 0 
 1.5 0 0 - - - - - 0 
 2 0 0 - - - - - 0 

Decay 2.5 5.0 19.2 41.4 - - - - 17.9 
 class 3 28.7 43.0 49.0 57.5 68.1 80.0 80.0 45.0 

 3.5 18.3 44.3 62.5 70.0 40.0 40.0 75.0 44.4 
 4 20.0 52.5 63.6 - 60.0 - - 49.1 
 4.5 20.0 47.5 43.3 70.0 - - 50.0 46.0 
 5 40.0 - 20.0 95.0 - - 90.0 61.3 

Averages  18.9 36.3 54.2 67.2 64.5 74.3 75.7  
 
(e)1898/1934 
% Bryophyte cover Diameter class, cm    

  ≤15 15/30 30/60 60/90 90/120 120/150 >150 Averages 
 1 - - - - - - - 0 
 1.5 0 - - - - - - 0 
 2 0 0 - - - - - 0 

Decay 2.5 6.5 27.5 - - - - - 12.7 
 class 3 35.3 50.7 66.8 68.6 60.0 - 80.0 49.5 

 3.5 34.9 66.9 74.3 72.5 72.0 75.0 - 60.6 
 4 57.5 75.7 73.0 70.0 80.0 - - 70.2 
 4.5 - 79.4 76.3 - - - - 78.3 
 5 80.0 100 - - - - - 90.0 

Averages  28.3 57.6 71.3 70.0 70.0 75.0 80.0  
 

 

Stags 

Table 3.A11. Number of stags in each decay class per plot. 

Plot 1 2 3 4 5 Totals 
OG 0 4 16 13 0 33 

1898 0 1 7 2 0 10 
1934 0 8 25 1 0 34 

1898/1934 0 3 16 0 1 20 
Totals 0 16 64 16 1 97 

 

 

Table 3.A12. Number of stags in each bryophyte cover class. 

  Percent bryophyte cover   
Plot 0≤B≤25 25<B≤50 50<B≤75 75<B≤100 Totals 
OG 6 11 8 8 33 

1898 2 5 1 2 10 
1934 31 2 0 1 34 

1898/1934 15 3 0 2 20 
Totals 54 21 9 13 97 
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Table 3.A13. Comparison of CWD volumes (m3) with two recent studies 

(Woldendorp 2002 and Sohn 2007). 

Plot CWD Volume (m3) 
in 0.25ha 

CWD volume, m3/ha 

Data from present study:   
Old growth 209.46 838.6 
1898 361.72 1446.9 
1934 272.73 1090.9 
1898/1934 175.30 701.2 

Data from Woldendorp (2002):   
TAS2_1087 1934 wildfire  1249.3 
TAS3_5703 1944 wildfire  747.3 
TAS1_1227 1967 regen.  1733.1 

Data from Sohn (2007):   
OGS  1007.0 
1898S  376.0 
1934S  592.0 
1966S  588.0 
1967CS  1085.0 

 

 

Chapter 4: 

Table 4.A1. The number of species on each woody substrate in each of the plots (also 

shown are the numbers according to Phylum: A=Ascomycota; B=Basidiomycota). 

Species richness 

Plot No. of 
species on 
CWD 

No. of 
species on 
ODW 

No. of 
species 
on stags 

No. of 
species on 
standing 
trees  

No. of 
species on 
all wood 

Old 
growth 

133 
(19A, 114B) 

112 
(17A, 95B) 

33 
(4A, 29B) 

37 
(5A, 32B) 

189 
(24A, 165B) 

1898 145 
(20A, 125B) 

135 
(25A, 110B) 

26 
(3A, 23B) 

23 
(3A, 20B) 

209 
(29A, 180B) 

1934 144 
(11A, 133B) 

95 
(13A, 82B) 

13 
(2A, 11B) 

25 
(2A, 23B) 

189 
(18A, 171B) 

1898/1934 123 
(9A, 114B) 

108 
(16A, 92B) 

15 
(2A, 13B) 

25 
(3A, 22B) 

184 
(19A, 165B) 

All plots 
combined 

295 
(27A, 268B) 

234 
(31A, 203B) 

63 
(9A, 54B) 

73 
(8A, 65B) 

410 
(37A, 373B) 
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The effect of size: the stepwise regression analysis on attributes of CWD 

Table 4.A2a. Multiple regression. Response variable: No. of species. 

Explanatory variables: diameter, length, surface area, volume. 

Results of stepwise regression: 

Step No. Variable entered Overall P-value R-squared Change in  

R-squared 
1 surface area <0.0001 0.4840 0.4840 
2 length <0.0001 0.5142 0.0302 
3 diameter <0.0001 0.5204 0.0062 

 

Interpretation: The most important explanatory variable is surface area, which 

explains 48.4% of the variation in the number of fungi species. Once surface area is 

in the model, the other size variables (length, diameter, volume) contribute only a 

few percent to the explanation of the number of species.  

 

Table 4.A2b. Multiple regression. Response variable: No. of species/surface area. 

Explanatory variables: diameter, length, surface area, volume. 

Results of stepwise regression: 

Step No. Variable entered Overall P-value R-squared Change in  

R-squared 
1 diameter <0.0001 0.0713 0.0713 
2 length <0.0001 0.0829 0.0116 
3 volume <0.0001 0.1147 0.0318 

 

Interpretation: The most important explanatory variable is diameter. However, it 

explains only 7.13% of the variation in the number of fungi species per unit area. 

Once diameter is in the model, the other size variables contribute only a few percent 

to the explanation of the fungal density per unit of area of CWD. 
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Table 4.A2c. Multiple regression. Response variable: No. of species/volume. 

Explanatory variables: diameter, length, surface area, volume. 

Results of stepwise regression: 

Step No. Variable entered Overall P-value R-squared Change in  

R-squared 
1 diameter <0.0001 0.0861 0.0861 
2 volume <0.0001 0.0956 0.0095 
3 length <0.0001 0.1242 0.0286 

 

Interpretation: The most important explanatory variable is Diameter. However, it 

explains only 8.61% of the variation in the number of fungi species per unit volume. 

Once diameter is in the model, the other size variables contribute only a few percent 

to the explanation of the density of fungi per unit of volume of CWD. 

 

Table 4.A2d. Multiple regression. Response variable: No. of species/length. 

Explanatory variables: diameter, length, surface area, volume. 

Results of stepwise regression: 

Step No. Variable entered Overall P-value R-squared Change in  

R-squared 
1 Length <0.0001 0.0191 0.0191 
2 Surface area <0.0001 0.0380 0.0189 

 

Interpretation: The most important explanatory variable is Length. However, it 

explains only 1.91% of the variation in the number of fungi species per unit length. 

Once length is in the model, the only other size variable that has a significant effect 

is Surface area, which contributes only a further 1.89% percent to the explanation of 

the density of fungi per unit of length of CWD. It could therefore be argued that the 

best response variable to adjust for the effect of CWD size is “No. of species/length”, 

the number of species per unit length. With this density as the response variable, the 

effect of size is mostly accounted for, as only a few percent of the variation in this 

density can be explained by the effect of size (although the amount explained is 

highly statistically significant, P<0.0001). It is unclear, however, how this 

information can be utilised in any practical sense. 
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Macrofungal assemblages on CWD 

MDS and PCOA (Figures 4.A1 and 4.A2, respectively) were used to distinguish 

whether there were differences in macrofungal species assemblages on CWD among 

the four plots. In Figure 4.A1, the Old growth and 1898 plots are clearly separated on 

Axis 2. The 1934 and 1898/1934 plots are less well separated on either axis. In 

Figure 4.A2, Plot 1898 appears to be well separated from the other plots by Axis 2. 

There is a further separation of Old growth from 1898/1934 on Axis 3. 
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Fig. 4.A1. MDS on CWD and associated macrofungal species using visits.  
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Fig. 4.A2. PCOA on CWD and associated macrofungal species using visits. 

 

MDS and PCOA (Figures 4.A3 and 4.A4, respectively) were performed on ODW 

and associated macrofungal assemblages to discern whether there is an indication of 

any differences among the four plots. In Figure 4.A3, the resulting ordination 

diagram shows some separation of the Old growth and 1898 plots from each other. In 

Figure 4.A4, there is separation of 1898 from the other three plots on Axis 3. 
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Fig. 4.A3. MDS on ODW and associated macrofungal assemblages using visits. 
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Fig. 4.A4. PCOA on ODW and associated macrofungal assemblages using visits. 

 

Table 4.A3. CAP-CDA classification table, CWD for plots using visits 

Classification tables from CAP-CDA procedures 

 Classified into groups   
Original 
group: 

Old growth 1898 1934 1898/1934 Total % 

correct 
Old growth 28 0 1 0 29 96.6% 
1898 0 29 1 0 30 96.7% 
1934 1 0 26 1 28 92.9% 
1898/1934 0 0 2 26 28 92.9% 

 Total correct = 109/115 = 94.8% 

 Misclassification rate = 5.2% 

Permutation test: P=0.00001 from 99,999 permutations 
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Table 4.A4. CAP-CDA Classification table, ODW for plots using visits. 

 Classified into groups   
Original 
group:     

Old growth 1898 1934 1898/1934 Total % 

correct 
Old growth 29 0 0 1 30 96.7% 
1898 1 26 0 3 30 86.7% 
1934 0 1 25 0 26 96.2% 
1898/1934 1 2 5 21 29 72.4% 

 Total correct = 101/115 = 87.8% 

 Misclassification rate = 12.2% 

Permutation test: P=0.00001 from 99,999 permutations 

 

Indigenous seasons 

Seasonality  

Table 4.A5. Number of species found on CWD and ODW in the indigenous seasons. 

 

Substrate 

Pawenyapeena 

(Sept.-Nov.) 

Tunna 

(May-August) 

Wegtellanyta 

(Dec.-April) 
CWD 62 257 127 
ODW 78 179 116 

Totals 104 321 172 
 

Table 4.A6a. Old growth plot, four woody substrates. 

CAP-CDA classification tables for woody substrates for each plot 

 Classified into Groups   
Original 
group 

CWD ODW Stags Standing 
trees 

Total % 

correct 
CWD 26 1 2 0 29 89.7% 
ODW 1 28 1 0 30 93.3% 
Stags 1 0 29 0 30 96.7% 
Standing 
trees 

0 0 0 26 26 100.0% 

 Total correct=109/115=94.8%   

 Misclassification rate =5.2%   

Permutation test: P=0.00001 from 99,999 permutations 
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Table 4.A6b. 1898 plot, four woody substrates. 

 Classified into Groups   
Original 
group 

CWD ODW Stags Standing 
trees 

Total % 
correct 

CWD 29 1 0 0 30 96.7% 
ODW 0 29 0 1 30 96.7% 
Stags 0 0 28 0 28 100.0% 
Standing 
trees 

0 0 0 27 27 100.0% 

 Total correct=113/115=98.3%   

 Misclassification rate =1.7%   

Permutation test: P=0.00001 from 99,999 permutations 

 

Table 4.A6c. 1934 plot, four woody substrates. 

 Classified into Groups  
Original 
group 

CWD ODW Stags Standing 
trees 

Total % 
correct 

CWD 25 1 1 1 28 89.3% 
ODW 1 22 1 2 26 84.6% 
Stags 0 1 12 1 14 85.7% 
Standing 
trees 

0 2 1 21 24 87.5% 

 Total correct=80/92=87.0%   

 Misclassification rate =13.0%   

Permutation test: P=0.00001 from 99,999 permutations 

 

Table 4.A6d. 1898/1934 plot, four woody substrates. 

 Classified into Groups  
Original 
group 

CWD ODW Stags Standing 
trees 

Total % 
correct 

CWD 25 2 0 1 28 89.3% 
ODW 2 27 0 0 29 93.1% 
Stags 2 0 18 0 20 90.0% 
Standing 
trees 

1 0 3 16 20 80.0% 

 Total correct=86/97=88.7%   

 Misclassification rate =11.3%   

Permutation test: P=0.00001 from 99,999 permutations 
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Table 4.A6e. All plots combined, four woody substrates. 

 Classified into Groups  
Original 
group 

CWD ODW Stags Standing 
trees 

Total % 
correct 

CWD 30 0 0 0 30 100.0% 
ODW 1 29 0 0 30 96.7% 
Stags 0 0 30 0 30 100.0% 
Standing 
trees 

1 0 0 29 30 96.7% 

 Total correct=118/120=98.3%   

 Misclassification rate =1.7%   

Permutation test: P=0.00001 from 99,999 permutations 

 

Mature forest 

Assemblage composition as affected by the combination of decay class and diameter 

class 

Table 4.A7 displays the classification table for the joint groupings of decay class and 

diameter class in mature forests. Although four groups resulted from combining the 

two decay classes with the two diameter classes, one of these combinations (Low 

decay class, Large diameter) had only one member. This combination was omitted 

from the CAP analysis, and Table 4.A7 shows only the three class combinations for 

which there were ample data. The overall correct classification rate is 83.9%, and the 

99,999 permutations produced a P-value of 0.00001 using both the trace and the delta 

criterion. The conclusion is that the species assemblage compositions among groups 

are different. 
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Table 4.A7. Joint classification table of decay class groups and diameter class 

groups, mature forest (Old growth and 1898 plots combined), showing success rates 

and misclassification rates of the CAP analysis of the fungal assemblages. 

 

Original Decay 
Class/Diameter 

Group 

Classified into groups  
Low/Small 

(DC ≤ 2.5; 

Diam ≤ 30) 

High/Small 

(DC ≥ 3.5; 

Diam ≤ 30) 

High/Large 

(DC ≥ 3.5; 

Diam ≥ 60) 

 

Total 

 

% 

correct 
Low/Small (DC ≤ 
2.5; Diam ≤ 30) 

 

12 

 

4 

 

1 

 

17 

 

70.6% 
High/Small (DC ≥ 
3.5; Diam ≤ 30) 

 

2 

 

87 

 

10 

 

99 

 

87.9% 
High/Large (DC ≥ 
3.5; Diam ≥ 60) 

 

0 

 

6 

 

21 

 

27 

 

77.8% 
Total correct = 120/143 = 83.9% 

Misclassification rate = 16.1% 

Permutation test: P=0.00001 from 99,999 permutations 

 

Younger forests 

Table 4.A8 displays the classification table for the joint groupings of decay class and 

diameter class in younger forests. As with the mature forests, the low decay 

class/large diameter class combination had only one member and was omitted from 

the CAP analysis. The overall correct classification rate is only 60.0%, but the 

99,999 permutations produced a P-value of 0.00002 using the trace criterion, or 

0.00125 using the delta criterion. Using either criterion, one would conclude that the 

species assemblage compositions among groups are different. Nevertheless, the 

misclassification rate is much higher for the ‘Younger’ forests than for the ‘Mature’ 

forests. 
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Table 4.A8. Joint classification table of decay class groups and diameter class 

groups, younger forest (1934 and 1898/1934 plots combined), showing success rates 

and misclassification rates of the CAP analysis of the fungal assemblages. 

 

Original Decay 
Class/Diameter 

Group 

Classified into groups  
Low/Small 

(DC ≤ 2.5; 

Diam ≤ 30) 

High/Small 

(DC ≥ 3.5;  

Diam ≤ 30) 

High/Large 

(DC ≥ 3.5; 

Diam ≥ 60) 

 

Total 

 

% 

correct 
Low/Small (DC ≤ 
2.5; Diam ≤ 30) 

 

30 

 

15 

 

4 

 

49 

 

59.2% 
High/Small (DC ≥ 

3.5; Diam ≤ 30) 
 

15 

 

45 

 

12 

 

72 

 

62.5% 
High/Large (DC ≥ 

3.5; Diam ≥ 60) 
 

5 

 

7 

 

12 

 

24 

 

50.0% 
Total correct = 87/145 = 60.0% 

Misclassification rate = 40.0% 

Permutation test: P=0.00002 (trace criterion) or 0.00125 (delta criterion) from 

n=99,999 permutations 
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Table 4.A9. Timelines for species of fungi on CWD 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Armillaria hinnulea                   
Armillaria novae-zelandiae                  
Ascocoryne sarcoides                     
Ascomycete ‘white disc bruising orange’                    
Australoporus tasmanicus                         
Biscogniauxia capnodes                  
Bisporella ‘green-yellow’                      
Bisporella sulfurina                  
Callistosporium ‘maroon on wood’                   
Calocera guepinioides                    
Cheimonophyllum candidissimum                  
Chlorociboria aeruginascens                    
Chondrostereum purpureum                  
Clavicorona piperata                 
Clavulina rugosa               
Clitocybula ‘Maria on wood’                  
Clitocybula ‘Notley yellow’               
Collybia ‘dry red’               
Collybia ‘pink furry’                 
Collybia ‘small’                
Collybia eucalyptorum                   
Crepidotus ‘orange’               
Crepidotus applanatus                 
Crepidotus variabilis                
Descolea recedens                
Discinella terrestris                  
Entoloma chrysopus               
Entoloma readiae                 
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Table 4.A9 cont’d. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Exidia ‘grey’                 
Fomes hemitephrus                    
Galerina ‘in moss with calyptrate spores and 

iodine odour’              
Galerina hypnorum                   
Galerina patagonica                   
Ganoderma applanatum                        
Gloeoporus taxicola                  
Gymnopilus allantopus                
Gymnopilus austropicreus                    
Gymnopilus ferruginosus                      
Gymnopilus tyallus                 
Hapalopilus sp.                 
Hohenbuehelia ‘brown or yellowy tan, with 

farinaceous odour’                
Hygrocybe aff. coccinea                
Hygrocybe chromolimonea                   
Hygrocybe graminicolor                
Hypholoma brunneum                   
Hypholoma fasciculare                 
Hypholoma fasciculare var. armeniacum                  
Hypocrea aff. megalosulphurea                       
Hypoxylon aff. placentiforme                      
Hypoxylon bovei                    
Hypoxylon crocopeplum                      
Hypoxylon hians                  
Junghuhnia rhinocephala                      
Laccaria ‘deep reddish brown, largish, drying 

ochre at centre, spores 7-8x7-8μm’                 
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Table 4.A9 cont’d. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Lactarius eucalypti                
Lycoperdon pyriforme                
Marasmiellus affixus                 
Marasmius ‘angina’               
Meiorganum curtisii                    
Mollisia cinerea                     
Mucronella pendula                  
Mycena albidocapillaris                 
Mycena austrororida               
Mycena carmeliana                       
Mycena cystidiosa                
Mycena epipterygia                
Mycena interrupta                  
Mycena kurramulla                 
Mycena maldea                    
Mycena mulawaestris                     
Mycena nargan               
Mycena sanguinolenta                 
Mycena subgalericulata                   
Mycena toyerlaricola                
Mycena viscidocruenta                 
Panellus stipticus                
Pholiota multicingulata               
Plectania campylospora                  
Pleurotus purpureo-olivaceus                
Pluteus ‘grey/brown with blueing stipe’                 
Pluteus atromarginatus                       
Pluteus cervinus                 
Polyporus gayanus                   
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Table 4.A9 cont’d. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Postia caesia                
Postia dissecta                  
Postia pelliculosa                    
Postia punctata                   
Psathyrella ‘pseudoechinata’                
Psathyrella echinata                       
Pseudohydnum gelatinosum                   
Psilocybe brunneoalbescens                   
Russula persanguinea                 
Simocybe phlebophora                 
Sirobasidium brefeldianum                    
Skeletocutis nivea                         
Steccherinum ochraceum                
Stereum illudens                     
Stereum ostrea                      
Stereum rugosum                
Tremella fuciformis                 
Tyromyces merulinus                   
Vibrissea dura                  
Xylaria castorea                    
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Table 4.A10. Timelines for species of fungi on ODW 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Aleurodiscus limonisporus                    
Armillaria hinnulea                     
Armillaria novae-zelandiae                    
Ascocoryne sarcoides                 
Ascomycete ‘grey becoming yellow, black 

hairs beneath cup’                  
Ascomycete ‘grey, bruising brown’                 
Ascomycete ‘white disc bruising orange’                   
Australoporus tasmanicus                  
Biscogniauxia capnodes                    
Bisporella ‘green-yellow’                       
Bisporella citrina                     
Byssomerulius corium                 
Calocera guepinioides                    
Cheimonophyllum candidissimum                 
Chlorociboria aeruginascens                    
Clavicorona piperata                  
Collybia ‘pink furry’                
Crepidotus applanatus                  
Crepidotus variabilis                  
Entoloma readiae                
Exidia ‘grey’                      
Fomes hemitephrus                   
Galerina patagonica                  
Gloeoporus taxicola                
Gymnopilus allantopus                
Gymnopilus ferruginosus                  
Gymnopilus tyallus                
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Table 4.A10 cont’d. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Heterotextus peziziformis                 
Hohenbuehelia ‘brown or yellowy tan, with 

farinaceous odour’                
Hypholoma brunneum                   
Hypholoma fasciculare                  
Hypholoma fasciculare var. armeniacum                  
Hypholoma sublateritium               
Hypocrea aff. megalosulphurea                        
Hypoxylon aff. placentiforme                        
Hypoxylon bovei                     
Hypoxylon hians                 
Junghuhnia nitida                  
Junghuhnia rhinocephala                       
Lentinellus pulvinulus                 
Marasmiellus affixus                     
Marasmius ‘angina’                
Mollisia cinerea                    
Mycena albidocapillaris                
Mycena austrororida                
Mycena carmeliana                    
Mycena epipterygia                
Mycena interrupta                  
Mycena kurramulla                
Mycena maldea                 
Mycena mulawaestris                  
Mycena nargan                
Mycena sanguinolenta                 
Mycena subgalericulata                
Mycoacia subceracea                     
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Table 4.A10 cont’d. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Panellus longinquus                  
Panellus stipticus                    
Phanerochaete filamentosa                      
Phellinus ‘resupinate’                 
Pholiota multicingulata                
Plectania campylospora                  
Pleurotus purpureo-olivaceus                 
Pluteus ‘brown velvet cap, pink stipe and gills’                  
Pluteus ‘grey/brown with blueing stipe’                  
Pluteus atromarginatus                      
Pluteus cervinus                      
Polyporus gayanus                     
Polyporus nigrocristatus                     
Postia caesia                 
Psathyrella echinata                  
Psilocybe brunneoalbescens                  
Simocybe phlebophora                   
Sirobasidium brefeldianum                         
Skeletocutis nivea                        
Steccherinum ochraceum                  
Stereum illudens                       
Stereum ostrea                         
Stereum rugosum                      
Trametes versicolor                
Tremella fuciformis                  
Tyromyces merulinus                 
Vibrissea dura                  
Xylaria castorea                       
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Chapter 6

The number of taxa of all macrofungi fruiting on soil in each of the four plots (Old 

growth, 1898, 1934, 1898/1934) is shown in Table 6.A1. 

: 

 

Table 6.A1. Records and species numbers from the four plots and all plots combined 

for macrofungi fruiting on soil.  

Plot Fungal 
records 

Fungal 
species 

Phylum1 Life mode2 

Old growth 1647 206 4A, 202B 110 EcM, 96D 

1898 1084 174 4A, 170B 92 EcM, 82D 

1934 1194 167 3A, 164B 118 EcM, 49D 

1898/1934 1781 264 4A, 260B 179 EcM, 85D 

All plots combined 5706 495 7A, 488B 330 EcM, 165D 

Notes: 1Phylum: A= Ascomycota; B= Basidiomycota.  2Life mode: 

EcM=ectomycorrhizal; D=decomposer. 

 

MDS was carried out on ectomycorrhizal species fruiting on soil for all four plots 

using visits as replication (Figure 6.A1). 
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Fig. 6.A1. MDS on ectomycorrhizal species fruiting on soil for all four plots using 

visits as replication. 

 

The mature forests (Old growth and 1898) show some degree of separation from the 

younger forests (1934 and 1898/1934). 

 

PCOA is presented for ectomycorrhizal species fruiting on soil using visits as 

replication (Figure 6.A2). 
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Fig. 6.A2. PCOA on ectomycorrhizal species fruiting on soil for all four plots using 

visits as replication. 

 

The PCOA ordination diagrams (Figure 6.A3) for ectomycorrhizal species fruiting 

on soil using subplots as replication also showed a good separation of the points, 

with some overlap. 
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Fig. 6.A3. PCOA ordination on ectomycorrhizal species fruiting on soil for all four 

plots using subplots as replication. 

 

Table 6.A2. Classification output for CAP-CDA for ectomycorrhizal species fruiting 

on soil with visits for each of the four plots. 

 Old 
growth 

1898 1934 1898/1934 Total 
visits 

% 
misclassified 

Old growth 28 1 1 0 30 6.7% 

1898 1 20 3 3 27 25.9% 

1934 0 1 21 1 23 8.7% 

1898/1934 1 2 1 21 25 16.0% 

The permutation test gave a P-value of 0.00001 from 99,999 permutations. 
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Table 6.A2 shows that the Old growth plot had the least number of visits 

misclassified, with one into each of 1898 and 1934. The 1898 plot had the most visits 

misclassified. 

 

Seasonality 

PCOA for all macrofungi fruiting on soil with visits during indigenous seasons as 

replication is presented in Figure 6.A4(a-d) for each plot separately. 

 

a)

PCOA, Soil, Old growth, indigenous seasons
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PCOA, Soil, 1898, Indigenous seasons
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c)

PCOA, Soil, 1934, Indigenous seasons
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d)

PCOA, Soil, 1898/1934, Indigenous seasons
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Fig. 6.A4(a-d). PCOA for all macrofungi fruiting on soil with visits during 

indigenous seasons as replication for each plot separately. 

 
PCOA for ectomycorrhizal species fruiting on soil, with visits during indigenous 

seasons as replication, is presented in Figure 6.A5(a-d) for each plot separately. 
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a)

PCOA, Old growth, ectomycorrhizal spp. on soil
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b)

PCOA, 1898, ectomycorrhizal spp. on soil
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c)

PCOA, 1934, ectomycorrhizal spp. on soil
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d)

PCOA, 1898/1934, ectomycorrhizal spp. on soil
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Fig. 6.A5(a-d). PCOA for ectomycorrhizal macrofungi fruiting on soil with visits 

during indigenous seasons as replication for each plot separately. 

 

Timelines for all the macrofungal species that were found fruiting on soil that have at 

least 5 records are presented in Table 6.A3. 



  

 298 

 



  

 299 

Table 6.A3. Timelines for species on soil, n≥5 records Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Agaricus ‘brown speckled’                
Agaricus ‘marzipan’                 
Agaricus ‘pink scales’                
Agaricus ‘reddish brown squamules’                
Arcangeliella sp.                 
Boletellus obscurecoccineus                 
Boletus ‘B189 red cap, red stipe, red pores’               
Boletus ‘wedgensis’                 
Clavaria ‘white slender clubs’                 
Clavaria ‘white with oily odour’                   
Clavaria amoena                  
Clavaria miniata                 
Clavaria zollingeri                 
Clavulina cristata               
Clavulina rugosa                 
Clitocybe ‘pale grey or white with citrine odour’                
Collybia ‘common’                      
Collybia ‘dry red’                
Cortinarius ‘C110, sandy ochre’                  
Cortinarius ‘C118, ochre-orange, viscid’               
Cortinarius ‘C122, biscuit buff c orangy umbo, viscid’               
Cortinarius ‘C126, Myxacium, biscuit buff’                
Cortinarius ‘C130, ochraceous orange, moderately large’               
Cortinarius ‘C131, greasy, burnt yellow-ochre, very bitter’               
Cortinarius ‘C133, greyish yellow’               
Cortinarius ‘C135, dark reddish brown, orangy margin’                
Cortinarius ‘C137, pale lemon’               
Cortinarius ‘C150, golden brown, iodine odour’               
Cortinarius ‘C154, burnt yellow-ochre, white furry tomentum’               
Cortinarius ‘C156, brown ochre c orangy centre, scurfy white’               
Cortinarius ‘C161, dry violet-brown cap’               
Cortinarius ‘C164, reddish brown’               
Cortinarius ‘C176, grey-brown, white at margin’              
Cortinarius ‘C186, lubricous, golden-brown’               
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Table 6.A3 (cont.) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Cortinarius ‘C199, Phlegmacium, pale violet, foetid odour’               
Cortinarius ‘C200, ochre-brown c clear umbo’                 
Cortinarius ‘C208, viscid, strongly pellucid, orangy brown’               
Cortinarius ‘C213, pale orange c tawny centre, white tomentum’               
Cortinarius ‘C216, Myxacium, white c ochre centre’               
Cortinarius ‘C217, Phlegmacium, cap violet & brown’               
Cortinarius ‘C219, reddish brown, hygrophanous orange’                
Cortinarius ‘C221, orangy brown, whitely tomentose’                
Cortinarius ‘C224, v. small, whitish’               
Cortinarius ‘C225, ochre-brown, white furry centre’                
Cortinarius ‘C240, orangy brown’                  
Cortinarius ‘C246, orangy brown’                
Cortinarius ‘C248, varnished, with umbo’                    
Cortinarius ‘C251, dark orangy brown’                
Cortinarius ‘C255, orangy brown, lubricous’                
Cortinarius ‘C257, orangy brown c reddish apex’                 
Cortinarius ‘C259, orangy brown drying sulcate’                  
Cortinarius ‘C266, Phlegmacium, orange’                
Cortinarius ‘C274, dark violet-brown’              
Cortinarius ‘C275, cucumber odour, pale violet gills’              
Cortinarius ‘C276, dry, violet, yellow rhizomorphs’               
Cortinarius ‘C285, Phlegmacium, reddish brown’                
Cortinarius ‘C289, dry, dark red-violet with white rim to cap’                
Cortinarius ‘C292, cf. Gymnopilus purpuratus’               
Cortinarius ‘C309, large Phlegmacium, yellow-ochre'               
Cortinarius ‘C310, dark reddish brown, orange basal tomentum’                
Cortinarius ‘C341, rusty wool’               
Cortinarius ‘C345, small 'rotundisporus'‘               
Cortinarius ‘C81, orange grainy’                
Cortinarius ‘C85, small, frosted pale violet’               
Cortinarius ‘C91a, brown ochre c burnt yellow-ochre centre’               
Cortinarius ‘green gills’                 
Cortinarius chrysopocus                
Cortinarius rotundisporus                    
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Table 6.A3 (cont.) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Cortinarius sinapicolor               
Cortinarius submagellanicus                 
Cortinarius umbonatus               
Cuphocybe ‘C162’                      
Dermocybe ‘C113, golden brown’               
Dermocybe ‘C191, brown conical cap’              
Dermocybe ‘C201, sulphur-yellow cap’                  
Dermocybe ‘C204, greyish yellow’                
Dermocybe ‘C206, brown c orange margin’               
Dermocybe ‘C210 , orange gills’                
Dermocybe ‘C215, felty yellow’                
Dermocybe ‘C80, goldy pink’                  
Dermocybe ‘C84, dirty brown’               
Dermocybe ‘C89  brown c blackish centre, iodine odour’                
Dermocybe ‘yellowy’                
Dermocybe austroveneta                 
Dermocybe canaria                
Dermocybe clelandii                
Dermocybe kula               
Descolea phlebophora                  
Descolea recedens                      
Discinella terrestris                        
Entoloma ‘Marriotts Marvel’                
Entoloma ‘medium isopentagonal spores’                 
Entoloma albidosimulans               
Entoloma aromaticum                     
Entoloma austrorhodocalyx                 
Entoloma brevispermus                 
Entoloma chrysopus                     
Entoloma coeruleogracilis               
Entoloma fibrosopileatum                        
Entoloma haastii             
Entoloma moongum                
Entoloma readiae                  

             



  

 302 

Table 6.A3 (cont.) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Entoloma rodwayi                
Entoloma sulphureum                 
Fistulinella mollis                    
Galerina ‘golden brown, red stipe’              
Galerina ‘scurfy’                
Galerina ‘with white annulus’               
Geoglossum cookeanum                   
Hebeloma ‘medium, pink-buff’               
Hemimycena lactea               
Hydnellum ‘pink spines’               
Hydnum repandum                   
Hygrocybe ‘vinetop with yellow gills’                   
Hygrocybe aff. coccinea                 
Hygrocybe astatogala                
Hygrocybe aurantiopallens                 
Hygrocybe chromolimonea                     
Hygrocybe erythrocrenata                 
Hygrocybe graminicolor                  
Hygrocybe lewellinae                   
Hygrocybe lilaceolamellata                 
Hygrocybe mavis                    
Hygrocybe reesiae                
Hygrocybe rodwayi                 
Hygrocybe roseoflavida                
Hygrophoropsis aurantiaca                
Hygrophorus involutus var. involutus                
Inocybe ‘I121, greyish brown’               
Inocybe ‘I126, pale bronzy brown’              
Inocybe ‘I130, chocolate brown, squamulose’                 
Inocybe discissa                 
Laccaria ‘deep reddish brown’               
Laccaria masonii               
Laccaria sp. A                  
Laccaria spp.                         
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Table 6.A3 (cont.) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Lactarius eucalypti                     
Lactarius piperatus                
Lactarius wirrabara                   
Leotia lubrica                  
Lepiota ‘reddish brown scales’                
Lepiota ‘sooty’                 
Lepiota ‘spikey, brown scaly centre’                 
Lepiota haemorrhagica               
Leucoagaricus sp.               
Leucocoprinus sp.                 
Leucopaxillus eucalyptorum                
Limacella ‘Fiona's mystery’                
Lycoperdon perlatum                 
Melanophyllum haematospermum               
Mycena toyerlaricola               
Mycena vinacea                     
Phellodon ‘brown’                    
Phellodon niger                 
Pholiota fieldiana                
Pholiota malicola                
Pholiota squarrosipes                 
Phylloporus ‘brown velvet cap’                 
Plectania campylospora                 
Podoserpula pusio                  
Porpoloma ‘grey’                   
Psathyloma ‘psathyrelloides’                 
Psathyrella ‘soil, paddle-like cc’                
Pseudobaeospora sp.                 
Ramaria ‘greyish orange’                  
Ramaria ‘orange’               
Ramaria fennica                  
Ramaria lorithamnus               
Rhodocollybia butyracea                    
Rhodocybe pseudopiperita                
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Table 6.A3 (cont.) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Russula ‘grey-pink’                
Russula ‘pink cap, pink stipe, cream or white gills’                
Russula ‘red cap, pink stipe, yellow gills’                
Russula clelandii               
Russula compacta                 
Russula lenkunya                   
Russula marangania                
Russula persanguinea                  
Stropharia (Psilocybe) formosa                  
Tricholoma ‘grey, with odour’                  
Tricholoma ‘large pink or pink-buff’               
Tricholoma ‘pink or reddish brown with very white gills’               
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Table 7.A1. Number of macrofungal records on litter, species numbers, and summary 

of the classification according to phylum, life mode and preferred substrate. 

Chapter 7: 

Plot Fungal 
records 

Fungal 
species 

Phylum1 Life mode2 Preferred 
substrate3 

Old growth 660 71 4A, 67B 4EcM, 67D 20S, 18W, 33L 

1898 767 70 5A, 65B 5EcM, 65D 16S, 13W, 41L 

1934 693 50 2A, 48B 3EcM, 47D 5S, 20W, 25L 

1898/1934 887 78 7A, 71B 4EcM, 74D 14S, 23W, 41L 

All plots 
combined 

3007 146 12A, 134B 12EcM, 134D 41S, 40W, 65L 

Notes: 1Phylum: A= Ascomycota; B= Basidiomycota.  2Life mode: 

EcM=ectomycorrhizal; D=decomposer.  3Preferred substrate: S=Soil; W=wood; 

L=litter. 

 

PCOA and MDS using visits are presented in Figure 7.A1 and 7.A2, respectively. 
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Fig. 7.A1. MDS on the macrofungi present in the litter, using visits. 

 

The points are broadly scattered over the whole diagram and do not appear to be 

grouped according to plot. 
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PCOA, Macrofungi on litter
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Fig. 7.A2. PCOA on macrofungi in the litter, using visits as replication. 

 

Again, there is no discernible grouping of the points according to plot. 

 

Table 7.A2. Classification table for CAP-CDA on litter, grouped by plots, using 

visits as replication. 

 Classified into groups   

Original 
group 

Old 
growth 

1898 1934 1898/1934 Total 
visits 

% 
misclassified 

Old growth 19 3 3 0 25 24.0% 

1898 4 12 3 3 22 45.5% 

1934 6 2 12 2 22 45.5% 

1898/1934 0 4 4 13 21 38.1% 

 

A P-value of 0.00001 was obtained from 99,999 permutations. The overall 

misclassification rate was 37.8% (=34/90). 
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Seasonality using indigenous seasons 

Table 7.A3. The number of macrofungal species on litter and the number of records 

(and the percent of the total number of records, in parentheses) for each of the three 

indigenous seasons, all plots combined. 

 Pawenyapeena 

(Sept.–Nov.) 

Tunna 

(May–Aug.) 

Wegtellanyta 

(Dec.–Apr.) 

Total no. of 
species and 

records 
No. of 
macrofungal 
species on litter 

 

11 

 

121 

 

60 

 

146 
No. of records 
(and percentage 
of total litter 
records) 

 

20 

(0.7%) 

 

2,317 

(77.1%) 

 

670 

(22.3 %) 

 

3,007 

 

More than 80% of the macrofungal species on litter and more than 75% of the 

records were obtained in Tunna.  
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Table 7.A4. Timelines for macrofungal litter species Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Ascomycete 'grey becoming yellow'                

Ascomycete 'white disc bruising orange'                

Collybia 'brown with pruinose stipe'                

Collybia eucalyptorum                 

corticioid sp., white cord-former                 

Crepidotus variabilis                 

Descolea recedens                

Discinella terrestris                  

Galerina hypnorum                 

Gymnopilus allantopus                

Hemimycena lactea                  

Hypholoma sublateritium                

Lactarius eucalypti               

Macrotyphula juncea                

Marasmiellus 'cream or creamy pink, no odour'                 

Marasmiellus 'garlic odour'                 

Marasmiellus affixus                  

Marasmius 'angina'                   

Marasmius 'minutae'                   

Marasmius 'pinkish brown, close gills, no odour'                        

Marasmius 'soft pink'                  

Marasmius 'with foetid odour'               
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Table 7.A4 (cont.) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Marasmius crinisequi                 

Mitrula sp.               

Mycena 'M177, white, threadlike stipe'                

Mycena 'M185, pallid fawn, dark purple centre'                 

Mycena 'M189, small grey, pellucid'                    

Mycena 'pink or brown with bleach odour'                  

Mycena 'yellow-ochre with earth odour'                

Mycena albidocapillaris                   

Mycena albidofusca                

Mycena austrofilopes                

Mycena austrofilopes var. roseobrunnea               

Mycena carmeliana                

Mycena cystidiosa                 

Mycena epipterygia                  

Mycena interrupta               

Mycena kurramulla                

Mycena lividorubra               

Mycena maldea               

Mycena neerimensis                 

Mycena sanguinolenta                 

Mycena subgalericulata                

Mycena subvulgaris                
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Table 7.A4 (cont.) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Mycena toyerlaricola                 

Mycena viscidocruenta                    

Xylaria 'litter'                 
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Chapter 8

Table 8.A1 gives the breakdown of the number of records, species numbers, phylum, 

life mode and preferred substrate for all macrofungal species found in the four plots 

separately and all plots combined. 

: 

 

Table 8.A1. Number of macrofungal records, species numbers, and summary of the 

classification according to phylum, life mode and preferred substrate.  
Plot Macro-

fungal 
records 

Macro-
fungal 

species 

Phylum1  Life mode2  Preferred 
substrate3  

All plots 
combined 

16489 849 44A, 805B 337EcM, 512D 
(D/EcM=1.5) 

475S, 308W, 66L 

Old growth 4558 375 28A, 347B 113EcM, 262D 
(D/EcM=2.3) 

204S, 137W, 34L 

1898 4128 389 34A, 355B 97EcM, 292D 
(D/EcM=3.0) 

176S, 170W, 43L 

1934 3571 339 20A, 319B 122EcM, 217D 
(D/EcM=1.8) 

165S, 149W, 25L 

1898/1934 4232 448 23A, 425B 183EcM, 265D 
(D/EcM=1.4) 

257S, 148W, 43L 

Notes: 1Phylum: A= Ascomycota; B= Basidiomycota.  2Life mode: 

EcM=ectomycorrhizal; D=decomposer.  3Preferred substrate: S=Soil; W=wood; 

L=litter. 

 

The unconstrained ordination procedure MDS was used to examine the macrofungal 

assemblages on all substrates combined using 100 subplots as replicates (Figure 

8.A1). 
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All substrates, MDS, 100 subplots, Stress=0.17
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Fig. 8.A1. MDS on all species of macrofungi found in the survey on all substrates 

combined, using subplots as replicates. 

 

There is good separation of 1934, Old growth and 1898/1934, with the subplots of 

1898 being the most dispersed. Figure 8.A2 is the same as Figure 8.A1, except that 

the 1898 data have not been plotted on the resulting ordination diagrams for the sake 

of greater visual clarity. 
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Fig. 8.A2. As for Fig. 8.A1, i.e. MDS on all macrofungal species found in all plots 

on all substrates combined, but with the points for 1898 not shown on the ordination 

diagrams. 

 

The separations are visually much clearer than in Figure 8.A1. 

 

The unconstrained ordination procedure PCOA was also used to examine the 

macrofungal assemblages on all substrates in all plots, using subplots as replicates 

(Figure 8.A3). 
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. 
PCOA, all substrates, 849 spp, 100 subplots
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Fig. 8.A3. PCOA on the macrofungal assemblages on all substrates in all plots, using 

subplots as replicates. 

 

As with the results of MDS for these data (Figures 8.A1 and 8.A2), the points 

representing the subplots of each plot are well clustered together, so that there is a 

good visual separation of the plots. 

 

PCOA was also used on all macrofungal species with the substrates divided into six 

substrate groups, using the visits (30 to Old growth, 1898 and 1934, and 29 to 

1898/1934) to each plot separately as replication. For each plot, results are shown as 

principal coordinate Axis 2 plotted against Axis 1, and also as Axis 3 vs. Axis 1 

(Figure 8.A4). 
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PCOA, Six substrates, Old growth, 30 visits
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PCOA, Six substrates, 1898, 30 visits
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PCOA, Six substrates, 1898, 30 visits
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PCOA, Six substrates, 1934, 30 visits
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PCOA, Six substrates, 1934, 30 visits
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PCOA, Six substrates, 1898/1934, 29 visits
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PCOA, Six substrates, 1898/1934, 29 visits
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Fig. 8.A4. PCOA on all macrofungal species and six substrate groups for each plot 

separately, using visits as replication. 

 

The good separation among substrates in each individual plot from the unconstrained 

ordination procedure PCOA indicates marked differences among macrofungal 

species assemblages on each substrate within each plot.  

 

PCOA was carried out on the macrofungal assemblages on all substrates in the 

‘Mature’ superplot, using subplots as replicates (Figure 8.A5).  

 



 Appendix 1 

 
 
 

315 

PCOA, Six substrates, Mature superplot
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PCOA, Six substrates, Mature superplot
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Fig. 8.A5. PCOA on the macrofungal assemblages on the six substrates of the 

‘Mature’ superplot, using the subplots making up the ‘Mature’ superplot as 

replicates. 

 
For the ‘Mature’ subplot, there appears to be good separation among the macrofungal 

species assemblages on the substrates.  

 

As for the ‘Mature’ superplot, PCOA was carried out on the macrofungal 

assemblages on all substrates in the ‘Pomaderris’ superplot, using subplots as 

replicates (Figure 8.A6). 
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PCoA, Six substrates, Pomaderris superplot
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Fig. 8.A6. PCOA on the macrofungal assemblages on the six substrates of the 

‘Pomaderris’ superplot, using the subplots making up the ‘Pomaderris’ superplot as 

replicates. 

 
For the ‘Pomaderris’ subplot, there also appears to be a good separation of the 

macrofungal species assemblages among the six substrates.  
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Figure 8.A7 shows the frequency and diameter class distribution of living E. obliqua 

trees for just two of the plots, viz. 1898S (Turner) and 1898 (Gates). 
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Fig. 8.A7. The frequency and diameter class distribution of living E. obliqua trees in 

1898S (Turner) and 1898 (Gates). 

 

The bar graphs for the two plots are quite different, with the 1898S (Turner) plot 

having a very large number of trees in the small diameter classes compared to the 

1898 (Gates) plot. 
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APPENDIX 2 – LIST OF MACROFUNGAL SPECIES 

Species binomial with author 
Life 
form1 

Pref. 
sub2 OG3 1898 1934 DB 

Agaricus "brown speckled" D soil 0 5 0 0 
Agaricus "grey" D soil 0 0 0 1 
Agaricus "marzipan" D soil 6 24 3 4 
Agaricus "pink scales" D soil 0 6 0 0 
Agaricus "pinkish brown c velar remnants, 

reddening inner stipe, spores 6x3" D soil 0 1 0 0 
Agaricus "reddish brown squamules" D soil 1 1 0 10 
Agaricus "white" D soil 0 1 0 2 
Agaricus xanthodermus Genev. D soil 0 0 0 1 
Agrocybe "yellowy brown, spores 8x5" D soil 0 1 0 0 
Agrocybe parasitica G.Stev. D wood 0 1 0 0 
Aleurina ferruginea (W. Phillips ex Cooke) 

W.Y. Zhuang & Korf D soil 0 2 0 2 
Aleurodiscus limonisporus D.A. Reid D wood 3 1 5 2 
Amanita "A142, grey-brown, yellowing 

annulus" M soil 3 0 0 0 
Amanita "A143, grey scab, sordid annulus, 

no volva" M soil 0 0 2 0 
Amanita effusa (Kalchbr.) D.A. Reid M soil 0 0 1 0 
Amanita ochrophylloides D.A.Reid M soil 0 0 3 0 
Amanita punctata (Cleland & Cheel) D.A. 

Reid M soil 0 1 1 1 
Amauroderma rude (Berk.) Torrend D wood 0 0 0 3 
Antrodiella citrea (Berk.) Ryvarden D wood 2 1 0 0 
Aphelaria sp. M soil 0 0 1 0 
Arcangeliella sp. M soil 0 3 0 14 
Armillaria hinnulea Kile & Watling D wood 72 17 7 0 
Armillaria novae-zelandiae (G. Stev.) 

Herink D wood 56 32 27 15 
Ascocoryne sarcoides (Jacq.) J.W. Groves 

& D.E. Wilson D wood 24 5 3 1 
Ascomycete "grey becoming yellow, black 

hairs beneath cup" D wood 2 10 4 10 
Ascomycete "grey, bruising brown" D wood 12 1 1 0 
Ascomycete "stalked, peach cushion, 

spores 10x2" D wood 0 1 0 0 
Ascomycete "very dark green disc" D wood 0 0 1 0 
Ascomycete "white cup with black hairs" D wood 0 1 0 2 
Ascomycete "white disc bruising orange" D wood 95 101 33 73 
Ascomycete "white or greyish cap, long 

dark brown stipe, spores 6x2" D wood 1 0 0 0 
Ascomycete "whitish or yellowish disc, 

small, spores 10x3" D wood 0 1 0 0 
Athelia decipiens (Höhn. & Litsch.) J. 

Erikss. D wood 0 1 0 0 
Athelopsis lacerata (Litsch.) J. Erikss. & 

Ryvarden D wood 0 0 1 0 
Australoporus tasmanicus (Berk.) P.K. 

Buchanan & Ryvarden D wood 239 35 9 1 
Austroboletus novae-zelandiae (McNabb) 

Wolfe M soil 1 0 0 0 
Austropaxillus muelleri (Berk.) Bresinsky & 

Jarosch M soil 2 0 0 1 
Beenakia dacostae D.A. Reid D soil 0 0 1 0 
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Species binomial with author 
Life 
form1 

Pref. 
sub2 OG3 1898 1934 DB 

Biscogniauxia "large" D wood 22 4 0 0 
Biscogniauxia capnodes (Berk.) Y.M. Ju & 

J. D. Rogers D wood 16 12 5 2 
Bisporella "green-yellow" D wood 6 51 41 48 
Bisporella citrina (Batsch ex Fr.) Korf & 

S.E. Carp. D wood 11 13 5 22 
Bisporella sulfurina (Quél.) S.E. Carp. D wood 5 0 1 0 
Bolbitius reticulatus (Pers.) Ricken D wood 3 2 0 0 
Boletellus obscurecoccineus (Höhn.) 

Singer M soil 0 0 25 2 
Boletus "B184" M soil 1 0 0 0 
Boletus "B185, rugulose brown cap, no 

blueing" M soil 0 1 2 0 
Boletus "B189, red cap, red stipe, red 

pores, spores 12x4" M soil 0 7 0 0 
Boletus "rosy brown" M soil 0 1 0 0 
Boletus "velutinous cap" M soil 0 1 0 0 
Boletus "wedgensis" M soil 0 0 3 7 
Botryobasidium candicans J. Erikss. D wood 1 0 0 0 
Byssomerulius corium (Pers. : Fr.) 

Parmasto D wood 0 4 5 3 
Callistosporium "maroon on wood" D wood 1 9 9 1 
Callistosporium "olivaceous brown with 

gunpowder odour" D wood 0 1 0 0 
Calocera "spathulate" D wood 2 1 2 0 
Calocera guepinioides Berk. D wood 10 31 28 13 
Camarophyllopsis "brown, no odour" D soil 2 0 0 0 
Camarophyllopsis "brown, with mothballs 

odour" D soil 2 0 0 0 
Camarophyllopsis "pale pink, no odour" D soil 1 0 0 0 
Cheimonophyllum candidissimum (Berk. & 

M.A. Curtis) Singer D wood 17 0 14 5 
Chlorociboria aeruginascens (Nyl.) 

Kanouse D wood 2 24 9 5 
Chondrostereum purpureum (Pers.) Pouzar D wood 0 15 0 0 
Claudopus sp. D wood 2 0 0 0 
Clavaria "white slender clubs" D soil 1 1 0 19 
Clavaria "white with oily odour" D soil 4 9 12 22 
Clavaria amoena Zoll. & Moritzi D soil 79 26 13 48 
Clavaria miniata Berk. D soil 11 2 2 3 
Clavaria zollingeri Lév. D soil 5 0 0 1 
Clavariaceae "v. slender, branched, floppy, 

on wood, spores 9x9" D wood 3 0 0 0 
Clavariaceae sp., aff. Lentaria D soil 0 0 0 1 
Clavicorona piperata (Kauffman) Leathers 

& A.H. Sm. D wood 20 17 60 39 
Clavulina "grey" D soil 1 0 0 0 
Clavulina cristata (Holmsk. : Fr.) J. Schröt. D soil 4 2 0 15 
Clavulina rugosa (Bull. : Fr.) J. Schröt. D soil 9 10 25 55 
Clitocybe "grey bloom" D soil 0 0 3 0 
Clitocybe "pale grey or white with citrine 

odour" D soil 0 0 0 7 
Clitocybe clitocyboides D soil 0 3 0 0 
Clitocybe semiocculta Cleland D wood 3 7 0 0 
Clitocybula "Maria on wood" D wood 6 2 6 0 
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Species binomial with author 
Life 
form1 

Pref. 
sub2 OG3 1898 1934 DB 

Clitocybula "Notley yellow" D wood 2 2 2 6 
Clitocybula "streaky grey" D wood 0 0 0 1 
Clitocybula "very small grey" D wood 0 2 0 0 
Collybia "brown with pruinose stipe" D litter 1 2 0 5 
Collybia "common" D soil 19 32 25 9 
Collybia "dry red" D soil 4 18 5 10 
Collybia "pink furry" D wood 3 4 9 9 
Collybia "small" D wood 0 3 5 3 
Collybia alkalivirens Singer D soil 4 0 0 0 
Collybia eucalyptorum Cleland D wood 31 60 45 58 
Coltricia cinnamomea (Jacq.) Murrill D soil 3 1 0 1 
Conchomyces bursiformis (Berk.) E. Horak D wood 0 2 1 0 
Coniophora fusispora (Cooke & Ellis) 

Cooke D wood 0 0 0 1 
Coprinus disseminatus (Pers. : Fr.) Gray D wood 1 0 0 0 
Cordyceps robertsii (Hook.) Berk. D litter 2 1 0 0 
corticioid "little ghosts" D wood 0 0 2 1 
corticioid sp., white cord-former D wood 3 2 1 1 
Cortinariaceae "EB182, glutinous, rusty 

brown, spores 11x9" M soil 0 0 0 1 
Cortinariaceae "EB183, mustard yellow, 

glutinous, spores 10x8" M soil 0 0 0 1 
Cortinariaceae "EB189, glutinous pale 

yellow, spores 12.5x7" M soil 0 0 1 0 
Cortinarius "brown" M soil 0 1 0 0 
Cortinarius "C103, Myxacium, brown cap, 

violet stipe, spores 11x6" M soil 0 1 0 0 
Cortinarius "C107, orangy brown, reddish 

umbo, spores 11x5" M soil 0 3 0 0 
Cortinarius "C109, large, viscid, 

ochraceous, drying orangy, spores 10x5" M soil 0 0 1 2 
Cortinarius "C110(=C119,C241), sandy 

ochre, white downy cover., spores 8x4.5" M soil 2 3 1 19 
Cortinarius "C111, very orange centre, 

golden-brown, spores 10x6.5" M soil 0 2 0 2 
Cortinarius "C114, dry lilac-brown, slender 

stipe, spores 10x6.5" M soil 0 0 0 1 
Cortinarius "C117, lubricous, violet-orange, 

flecks of white UV remn., spores 14x7" M soil 0 0 0 2 
Cortinarius "C118, ochre-orange, viscid, 

spores 8x4" M soil 0 0 2 5 
Cortinarius "C121, golden-brown covered c 

white veil, spores 9x7" M soil 0 0 0 1 
Cortinarius "C122, biscuit buff c orangy 

umbo, viscid, sp. 8x4.5" M soil 0 0 0 10 
Cortinarius "C125, golden-brown, whitely 

tomentose, spores 8x5" M soil 0 0 1 3 
Cortinarius "C126, Myxacium, biscuit buff, 

spores 8x4.5" M soil 0 0 0 14 
Cortinarius "C127, sandy blonde, furry, 

spores 8x7" M soil 0 0 0 1 
Cortinarius "C128, ochre, viscid, spores 

8x6" M soil 0 0 0 1 
Cortinarius "C130, ochraceous orange, 

moderately large, spores 6x5" M soil 0 0 1 21 
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Species binomial with author 
Life 
form1 

Pref. 
sub2 OG3 1898 1934 DB 

Cortinarius "C131, greasy, burnt yellow-
ochre, very bitter, spores 7-8x4-6" M soil 0 0 6 21 

Cortinarius "C133, greyish yellow, spores 
7x5" M soil 0 0 0 6 

Cortinarius "C134 (=C116), dark chestnut 
violet, lubricous, spores 7x5" M soil 0 0 0 3 

Cortinarius “C135 dark reddish brown, 
orangy margin, spores 8x6" M soil 3 0 12 17 

Cortinarius "C137, pale lemon, spores 
11x6" M soil 1 0 0 4 

Cortinarius "C139, dark brown c white 
frosty covering, spores 7x4.5" M soil 0 0 0 2 

Cortinarius "C140, orange centre c yellow 
halo, spores 9x6" M soil 0 0 2 0 

Cortinarius "C141, orange centre c bright 
yellow halo, spores 12x7" M soil 0 0 1 0 

Cortinarius "C142, ochre-brown, iodine 
odour, spores 8x4" M soil 0 0 1 0 

Cortinarius "C143, dark brown c orangy 
brown stipe, spores 10x6" M soil 0 0 2 0 

Cortinarius "C144, brown c hint of violet, 
stipe violet at apex" M soil 0 1 1 0 

Cortinarius "C145, v. sharp umbo, raw 
sienna brown, furry white, spores 9x4" M soil 0 0 2 2 

Cortinarius "C146, golden brown, spores 
9x3.5" M soil 0 0 2 0 

Cortinarius "C148, golden brown c orangy 
umbo, spores 8x5" M soil 0 1 1 0 

Cortinarius "C149" M soil 0 0 1 0 
Cortinarius "C150, golden brown, iodine 

odour, spores 8x4.5" M soil 0 0 13 0 
Cortinarius "C153, dark golden brown, 

stipe v. orangy brown inner, spores 
8.5x7" M soil 0 0 2 0 

Cortinarius "C154, burnt yellow-ochre, 
white furry tomentum, spores 8x4.5" M soil 2 0 5 1 

Cortinarius "C156, brown ochre c orangy 
centre, scurfy white" M soil 0 0 11 4 

Cortinarius "C158, small, reddish brown, 
spores 7x4" M soil 3 0 0 0 

Cortinarius "C159, large Phlegmacium, 
deep maroon, spores 10x5" M soil 1 0 0 0 

Cortinarius "C160, raw sienna brown, 
slender pale ochre stipe, spores 9x7" M soil 4 0 0 0 

Cortinarius "C161, dry violet-brown cap, 
silky slender violet stipe, spores 7x6" M soil 6 0 3 0 

Cortinarius "C164, reddish brown, spores 
6x4" M soil 5 0 0 1 

Cortinarius "C173 (=C147), violet-brown 
Phlegm. c violet rim, spores 8x6" M soil 0 1 0 0 

Cortinarius "C174, orangy brown, yellowy 
at margin, spores 7x5" M soil 0 2 0 0 

Cortinarius "C176, grey-brown, white at 
margin, spores 8x5" M soil 0 0 0 8 

Cortinarius "C177, convex, orangy brown, 
lubricous, spores 9x7" M soil 0 0 0 3 

Cortinarius "C178, golden-brown, 
lubricous, spores 8x6.5" M soil 0 0 0 3 



 Appendix 2 – List of macrofungal species 

 
 
 

321 

Species binomial with author 
Life 
form1 

Pref. 
sub2 OG3 1898 1934 DB 

Cortinarius "C179, brown-ochre with 
orange centre, scurfy, spores 5x5" M soil 0 0 0 4 

Cortinarius "C180, dark brown, pellucid, v. 
white stipe, spores 10x5" M soil 0 0 0 2 

Cortinarius "C181, greyish ochre, spores 
8x5" M soil 0 0 0 2 

Cortinarius "C183, frosty golden-brown, 
spores 9x6" M soil 0 0 0 4 

Cortinarius "C184, dark orangy brown, 
small sharp umbo, spores 9x5" M soil 0 0 0 1 

Cortinarius "C185, lubricous, buttery, 
spores 8x5" M soil 0 0 0 1 

Cortinarius "C186, lubricous, golden-
brown, low umbo, iod. odour, spores 6x5" M soil 0 0 0 6 

Cortinarius "C188, very small, reddish 
brown, spores 6x5" M soil 0 0 0 1 

Cortinarius "C192, brown becoming golden 
brown, small sharp umbo, spores 8x7" M soil 0 0 2 0 

Cortinarius "C196, dark brown, loose 
reddish fibres on stipe, spores 8x5" M soil 0 0 3 0 

Cortinarius "C197, ochre-brown c whitish 
wispy covering, spores 9x5" M soil 0 0 1 0 

Cortinarius "C198, ochre, pellucid, spores 
8x3.5" M soil 0 0 4 0 

Cortinarius "C199, Phlegmacium, pale 
violet, foetid odour, spores 10x5" M soil 5 0 0 3 

Cortinarius "C200, ochre-brown c clear 
umbo, spores 8x4" M soil 25 4 2 2 

Cortinarius "C202, dry, pale violet, spores 
8x5" M soil 1 0 0 0 

Cortinarius "C208, small, viscid, strongly 
pellucid, orangy brown, spores 7.5x4" M soil 5 0 3 0 

Cortinarius "C209, brown pellucid, long thin 
stipe, spores 6x4" M soil 0 0 0 2 

Cortinarius "C212, yellowy brown, apricot-
pink base to stipe, spores 8x5" M soil 0 0 0 1 

Cortinarius "C213, pale orange c tawny 
centre, white tomentum, spores 10x6.5" M soil 0 0 0 5 

Cortinarius "C214, dark reddish brown, v. 
long thin stipe, spores 8x6" M soil 0 0 1 0 

Cortinarius "C216, Myacium, white c ochre 
centre, spores 9x5" M soil 4 0 0 2 

Cortinarius "C217, Phlegmacium, cap violet 
& brown, stipe violet, spores 9x6.5" M soil 0 4 0 1 

Cortinarius "C218, orangy brown, stout & 
fleshy, spores 8x6" M soil 0 0 0 2 

Cortinarius "C219, reddish brown, 
hygrophanous orange, spores 6x4.5" M soil 0 0 1 8 

Cortinarius "C220, waxy orangy brown, 
spores 8x4.5" M soil 1 1 0 1 

Cortinarius "C221, orangy brown, whitely 
tomentose, spores 7x4.5" M soil 0 0 1 6 

Cortinarius "C222, reddish brown, waxy, 
long thin stipe, spores 7x4.5" M soil 0 0 0 1 

Cortinarius "C223, orangy brown c reddish 
centre, white silky stipe, spores 10x5" M soil 0 0 4 0 

Cortinarius "C224, v. small, whitish, spores 
8x4.5" M soil 2 0 1 2 
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Species binomial with author 
Life 
form1 

Pref. 
sub2 OG3 1898 1934 DB 

Cortinarius "C225, ochre-brown, white furry 
centre, spores 6x4" M soil 0 0 0 6 

Cortinarius "C226, pellucid orange-brown, 
spores 11x5" M soil 0 0 0 1 

Cortinarius "C227, v. dark brown, spores 
8x4" M soil 0 0 0 3 

Cortinarius "C228, ochre c white margin, 
iodine odour, spores 8x4.5" M soil 0 0 1 3 

Cortinarius "C229, brown c white UV 
patches, blue-lilac stipe, spores 11x6" M soil 0 0 0 1 

Cortinarius "C230, orangy brown, stuffed 
silky orange stipe, spores 8x5" M soil 0 0 2 0 

Cortinarius "C231, orangy brown becoming 
orange c red centre, spores 10x6" M soil 0 0 1 2 

Cortinarius "C232, orangy brown, spores 
10x6" M soil 4 0 0 0 

Cortinarius "C234, strongly pellucid, orangy 
brown, spores 9x6" M soil 0 1 0 0 

Cortinarius "C235, strongly pellucid, 
reddish brown, spores 7x4" M soil 1 1 0 0 

Cortinarius "C236, small, orangy, spores 
9x5" M soil 0 1 0 2 

Cortinarius "C237, orangy brown c darker 
reddish brown hues, spores 11x6" M soil 0 0 0 1 

Cortinarius "C238, yellowy brown cap, 
yellow gills & stipe, spores 7x4" M soil 0 0 0 2 

Cortinarius "C239, pale buff, ixocutis, 
spores 9x5" M soil 0 0 0 3 

Cortinarius "C240 (=C242), orangy brown, 
spores 7-8x4, loose, inflated cc" M soil 0 1 0 7 

Cortinarius "C243, reddish brownish violet, 
white wisps, spores 10x5.5" M soil 0 0 0 3 

Cortinarius "C244, reddish orangy brown 
Phlegmacium" M soil 2 0 0 0 

Cortinarius "C245, orangy brown, 
becoming frosty buff, spores 7x5" M soil 0 0 0 2 

Cortinarius "C246, orangy brown, spores 
8x4.5" M soil 0 1 0 5 

Cortinarius "C247, golden brown, dark 
reddish brown hues, spores 8x5" M soil 0 0 0 1 

Cortinarius "C248, varnished, with umbo" M soil 8 24 64 40 
Cortinarius "C249, orangy brown, spores 

8x5" M soil 0 0 2 0 
Cortinarius "C250, dark orange brown, 

reddish dyed stipe, spores 7x4" M soil 0 1 1 0 
Cortinarius "C251, dark orangy brown, 

spores 8x4.5" M soil 0 0 6 0 
Cortinarius "C252, pellucid, orangy brown, 

spores 12x6.5" M soil 0 3 0 0 
Cortinarius "C253, orangy brown, pale 

orange basal tomentum, spores 7x4" M soil 1 0 0 0 
Cortinarius "C254, orangy brown, sharp 

umbo, v. long slender stipe, spores 10x6" M soil 2 0 0 0 
Cortinarius "C255, orangy brown, 

lubricous, spores 11x6" M soil 0 5 0 0 
Cortinarius "C256, orangy brown, lubricous 

when wet, spores 6x5" M soil 0 2 0 0 
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Species binomial with author 
Life 
form1 

Pref. 
sub2 OG3 1898 1934 DB 

Cortinarius "C257, orangy brown c reddish 
apex, spores 10x6" M soil 1 7 0 0 

Cortinarius "C258, pale orangy brown c 
reddish umbo, spores 8x6" M soil 1 1 2 0 

Cortinarius "C259, concolorous bright 
ochre, tough, spores 7x4" M soil 0 1 0 0 

Cortinarius "C259, orangy brown drying 
sulcate, spores 9x5" M soil 0 7 0 1 

Cortinarius "C260, orange-brown, 
umbonate, odour radishy, spores 9x6" M soil 0 1 0 0 

Cortinarius "C263, stout squat brown, 
spores 8x4" M soil 0 0 0 1 

Cortinarius "C266, Phlegmacium, orange" M soil 7 2 0 0 
Cortinarius "C268, ochre and lilac 

Myxacium" M soil 1 0 0 0 
Cortinarius "C269, pale violet gills, spores 

12x5" M soil 0 0 1 0 
Cortinarius "C270, creamy pale ochre with 

orange centre, spores 10x5" M soil 0 0 2 1 
Cortinarius "C271, Myxacium, orange" M soil 0 0 4 0 
Cortinarius "C272, ochre viscid cap, v. 

white stipe" M soil 0 0 3 0 
Cortinarius "C273, with pepper odour" M soil 0 0 1 0 
Cortinarius "C274, dark violet-brown, 

spores 8x4" M soil 0 0 6 7 
Cortinarius "C275, cucumber odour, pale 

violet gills" M soil 0 0 2 3 
Cortinarius "C276, dry, violet, yellow 

rhizomorphs, subglobose spores 7x6.5" M soil 0 2 9 1 
Cortinarius "C279, orangy brown with violet 

margin, spores 9x4-4.5" M soil 0 0 1 0 
Cortinarius "C282, raspberry and lilac 

Phlegmacium" M soil 0 0 0 1 
Cortinarius "C285, Phlegmacium, reddish 

brown, spores 6x5" M soil 0 1 0 5 
Cortinarius "C286, greasy yellow-orange, 

spores 7-8x4" M soil 0 0 0 2 
Cortinarius "C287, Phlegmacium, caramel 

brown cap, violet stipe, spores 9x7" M soil 0 0 0 4 
Cortinarius "C288, orangy-brown, spores 

5x3" M soil 0 0 0 2 
Cortinarius "C289, dry, dark red-violet with 

white rim to cap" M soil 5 1 4 0 
Cortinarius "C290, Phlegmacium, golden 

orange, lubricous, spores 5x4.5" M soil 1 0 0 0 
Cortinarius "C291, Phlegmacium, ochre 

with orange centre, spores 9x4.5" M soil 1 1 0 0 
Cortinarius "C292, cf. Gymnopilus 

purpuratus" M soil 0 0 8 0 
Cortinarius "C294, pellucid, orange-brown, 

spores 8x5" M soil 0 0 1 0 
Cortinarius "C300, orange-brown scurfy, 

spores 8x4.5-5" M soil 0 0 2 0 
Cortinarius "C301, small, fragile, pale 

ochre, in moss, spores 9x5" M soil 0 0 1 0 
Cortinarius "C302, brown scurfy, spores 

8x5" M soil 0 0 0 1 
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Life 
form1 

Pref. 
sub2 OG3 1898 1934 DB 

Cortinarius "C303, stout lilac Phlegmacium" M soil 0 0 0 2 
Cortinarius "C304, pinky brown, spores 8-

9x5" M soil 0 0 0 2 
Cortinarius "C305, pellucid, orange-brown 

with umbo, spores 7-8x5" M soil 0 0 0 3 
Cortinarius "C306, violet-brown, basidia 2-

spored" M soil 0 0 0 1 
Cortinarius "C307, Myxacium, yellow-

ochre, very white stipe" M soil 0 0 0 1 
Cortinarius "C309, large Phlegmacium, 

yellow-ochre, green tinge, spores 9x4.5-
5' M soil 0 0 0 6 

Cortinarius "C310, dark reddish brown, 
orange basal tomentum, spores 6x5" M soil 1 1 0 5 

Cortinarius "C311, dry, brown, large, 
spores 8x4" M soil 0 0 0 2 

Cortinarius "C313, large, yellow, 
squamulose" M soil 0 0 0 1 

Cortinarius "C314, reddish brown, dries 
spotty, spores 6x4um" M soil 0 0 0 2 

Cortinarius "C315, orange-brown, pellucid, 
spores 8-9x5um" M soil 0 0 0 1 

Cortinarius "C317, pellucid brown, spores 
6x5, very ornamented" M soil 0 0 0 1 

Cortinarius "C318, ivory, Phlegmacium with 
violet stipe" M soil 0 0 0 2 

Cortinarius "C319, Naples yellow, spores 
10x5" M soil 0 0 0 1 

Cortinarius "C320, lilac-white, yellow 
centre, spores 8.5x5" M soil 0 0 0 1 

Cortinarius "C321, Phlegmacium, brown-
lilac, spores 8x5" M soil 0 0 0 1 

Cortinarius "C322, reddish becoming 
yellow, spores 8x7" M soil 1 0 0 0 

Cortinarius "C324, violet-brown, square 
orange scale at centre" M soil 1 0 0 0 

Cortinarius "C326, pale ochre with dark 
brown umbo, spores 10x6" M soil 2 0 0 0 

Cortinarius "C327, Phlegmacium, ochre, 
spores 8x4.5" M soil 1 0 0 0 

Cortinarius "C328, dry, violet, with swollen 
base to stipe" M soil 0 2 0 0 

Cortinarius "C329, Phlegm., ochre margin, 
Venetian Red umbo, spores 14x7" M soil 0 1 0 0 

Cortinarius "C330, small, spores 10x5" M soil 0 0 1 0 
Cortinarius "C331, Phlegmacium, strong 

odour of ants, spores 9x5" M soil 0 0 2 0 
Cortinarius "C333, furry, spores 8-9x7" M soil 0 0 1 0 
Cortinarius "C334, Myxacium, orange cap, 

yellow stipe, spores 8x5" M soil 0 0 1 0 
Cortinarius "C335, Phlegmacium, 

sphaeropedunculate cc, spores 14x7" M soil 0 0 1 0 
Cortinarius "C336, Phlegmac., ivory, lilac 

stipe apex, cucumber odour, spores 8x4" M soil 0 0 0 1 
Cortinarius "C337, convex, highlighter 

orange" M soil 0 0 0 2 
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Cortinarius "C338, nondescript Dermocybe, 
spores 6x5" M soil 0 0 0 1 

Cortinarius "C339, stout, golden orange, 
turnip base, spores 7-8x4" M soil 0 0 0 1 

Cortinarius "C340,Venetian red, spores 
7x3" M soil 0 0 0 1 

Cortinarius "C341(=I118,I127), rusty wool, 
with cc, spores 8x5" M soil 0 0 0 8 

Cortinarius "C342, large, pale brown with 
appressed darker squam., spores 6x5" M soil 0 0 0 1 

Cortinarius "C343, violet with orange-brown 
centre, parsnip odour, spores 6-7x4.5" M soil 0 0 0 1 

Cortinarius "C344, Galerina, capitate 
cheilocystida, smooth 10x5" M soil 0 0 0 1 

Cortinarius "C345, small 'rotundisopus', 
spores 8x6" M soil 5 0 0 0 

Cortinarius "C346, Venetian red cap and 
stipe, spores 7x4.5" M soil 2 0 0 0 

Cortinarius "C347, furry, 
sphaeropedunculate c.c., spores 8x4" M soil 1 0 0 0 

Cortinarius "C349, greasy reddish brown, 
cf Rhodocollybia butyracea, spores 9x4" M soil 0 1 0 0 

Cortinarius "C350, furry brown cap, furry 
stipe, spores 7x5" M soil 0 0 2 0 

Cortinarius "C352, small, bitter Myxacium, 
spores 6-7x4" M soil 0 0 1 0 

Cortinarius "C353, large orange-brown, 
sphaeropedunculate cc, spores 8x6" M soil 0 0 1 0 

Cortinarius "C354, large brown with white 
stipe, spores 7x3.5-4" M soil 0 0 1 0 

Cortinarius "C355, golden orange, inflated 
cc, spores 6x5" M soil 0 0 0 1 

Cortinarius "C356, waxy orange-brown, 
iodine odour, spores 8x5" M soil 0 0 0 1 

Cortinarius "C357, small, brown, white furry 
stipe, spores 8x4.5" M soil 0 0 0 1 

Cortinarius "C358, large, stout, ochre 
Phlegmacium, spores 9x5" M soil 1 0 0 0 

Cortinarius "C359" M soil 0 1 0 0 
Cortinarius "C39, ochre-brown with lilac 

margin" M soil 0 0 2 0 
Cortinarius "C48, lilac and brown, 

Phlegmacium" M soil 1 0 0 0 
Cortinarius "C58, dark violet, 

Phlegmacium" M soil 1 0 0 0 
Cortinarius "C81, orange grainy, spores 

10x5" M soil 5 0 0 0 
Cortinarius "C85 (=C136, C211), small, 

frosted pale violet, spores 7-8x4-4.5" M soil 0 0 5 5 
Cortinarius "C87, greyish pink c white stipe, 

spores 10x5" M soil 0 0 3 0 
Cortinarius "C90, ochre c sharp umbo, 

spores 12x5" M soil 0 1 1 0 
Cortinarius "C91a, brown ochre c burnt 

yellow-ochre centre, spores 7x5" M soil 0 0 5 3 
Cortinarius "C92, large, ochre cap, silky 

white stipe, spores 11x5" M soil 4 0 0 0 
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Cortinarius "C93, orangy brown, clavate 
cheilocystidia, spores 6x5" M soil 3 0 0 0 

Cortinarius "C94, pale brown Myxacium c 
ochre centre, violet stipe, spores 12x6" M soil 2 0 0 0 

Cortinarius "C95, ochre-brown, distinctive 
umbo, spores 7x4" M soil 4 0 0 0 

Cortinarius "C96, pale ochre Phlegmacium 
c pallid yellow silky stipe, spores 26x7" M soil 1 0 0 0 

Cortinarius "dry,  lilac and brown" M soil 0 1 0 0 
Cortinarius "golden brown" M soil 0 1 0 0 
Cortinarius "green gills" M soil 9 1 0 0 
Cortinarius "lilac and cream" M soil 0 0 0 1 
Cortinarius "Phlegmacium, yellow-brown" M soil 0 1 0 0 
Cortinarius "small, brown, spores 7x6" M soil 0 0 0 2 
Cortinarius abnormis Watling & T.W. May M soil 0 2 0 1 
Cortinarius archeri Berk. M soil 0 0 1 0 
Cortinarius chrysopocus Gasparini M soil 0 0 0 8 
Cortinarius phalarus Bougher & R.N. Hilton M soil 0 1 0 0 
Cortinarius rotundisporus Cleland & Cheel, 

species group M soil 19 23 22 16 
Cortinarius sinapicolor Cleland M soil 0 1 1 22 
Cortinarius submagellanicus Gasparini M soil 8 6 3 24 
Cortinarius umbonatus Cleland & J.R. 

Harris M soil 0 0 0 8 
Crepidotus "brown hairy" D wood 3 6 0 0 
Crepidotus "orange" D wood 2 1 0 3 
Crepidotus applanatus (Pers.) P. Kumm. D wood 7 7 11 1 
Crepidotus variabilis (Pers. : Fr.) P. Kumm. D wood 9 22 3 4 
Cuphocybe "C162" M soil 68 0 0 0 
Cyclomyces tabacinus (Mont.) Pat. D wood 0 4 0 0 
Cystoderma amianthinum (Scop. : Fr.) 

Konrad & Maubl. D wood 2 0 0 0 
Cystolepiota "white" D soil 5 1 0 0 
Cyttaria gunnii Berk. D wood 1 4 4 7 
Dacrymyces stillatus Nees D wood 0 0 0 1 
Dentipellis leptodon (Mont.) Maas Geest. D wood 1 0 0 0 
Dermocybe "C104, brown, bright yellow 

stipe, spores 10x8" M soil 0 1 0 0 
Dermocybe "C113, golden brown, spores 

7x4" M soil 0 0 0 6 
Dermocybe "C157, ruby pink, spores 6x5" M soil 0 0 1 1 
Dermocybe "C167, green apex to stipe" M soil 0 0 0 2 
Dermocybe "C172, brown with orange/red 

UV remnants over stipe" M soil 1 1 2 0 
Dermocybe "C189, brown & yellow, 

conical, spores 7x4.5" M soil 0 0 0 2 
Dermocybe "C190, aff. D. clelandii, but 

spores 6x4" M soil 0 1 0 0 
Dermocybe "C191, brown conical cap, 

golden yellow stipe, snaky, spores 7x5.5" M soil 0 0 5 0 
Dermocybe "C194, golden orange, yellow 

basal mycelium, spores 9x4" M soil 0 0 1 0 
Dermocybe "C201, sulph.-yell. cap c br. 

umbo, sheeny yell. stipe, spores 8x4.5" M soil 28 10 0 2 
Dermocybe "C204 (=C205), greyish yellow, 

spores 6x5" M soil 23 0 0 0 
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Dermocybe "C206 (=C203), br. c orange 
margin, yell. flexuous stipe, spores 6x5.5" M soil 14 0 0 0 

Dermocybe "C210 (=C298), orange gills, 
brown cap with greenish apex to stipe" M soil 3 0 3 12 

Dermocybe "C215, felty yellow with tawny 
centre, spores 8x4.5" M soil 16 0 0 0 

Dermocybe "C261, goldy with long narrow 
spores" M soil 3 0 0 0 

Dermocybe "C267, small, bright orange, 
spores 8x3" M soil 2 1 1 0 

Dermocybe "C80, goldy pink, spores 9x6" M soil 20 0 12 1 
Dermocybe "C84, dirty brown" M soil 1 0 21 5 
Dermocybe "C89, brown c blackish centre, 

iodine odour, spores 7x5" M soil 4 0 42 5 
Dermocybe "yellowy" M soil 5 0 0 2 
Dermocybe austroveneta (Cleland) M.M. 

Moser & E. Horak M soil 0 11 0 4 
Dermocybe canaria E. Horak M soil 0 0 22 1 
Dermocybe clelandii (A.H. Sm.) Grgur. M soil 2 10 6 10 
Dermocybe kula Grgur. M soil 0 0 0 15 
Dermocybe splendida E. Horak M soil 0 1 1 0 
Dermoloma "brown-yellow" M soil 2 0 0 0 
Dermoloma "grey" M soil 2 0 0 0 
Descolea phlebophora E. Horak M soil 35 2 33 3 
Descolea recedens (Cooke & Massee) 

Singer M soil 6 49 22 5 
Discinella terrestris (Berk. & Broome) 

R.W.G. Dennis D soil 18 49 62 155 
Entoloma "black, bitter disappearing" D soil 6 0 0 0 
Entoloma "blue-grey-pink" D soil 0 1 0 1 
Entoloma "E2244, v. small, mycenoid, 

black, isodiametric spores" D soil 1 0 0 0 
Entoloma "E2255, concolorous  white, 

pileipellis a  trichoderm" D soil 0 1 0 0 
Entoloma "E2256, sassafrasi" D wood 1 0 0 0 
Entoloma "E2257" D soil 1 0 0 0 
Entoloma "E2258" D soil 1 0 0 0 
Entoloma "E2262" D soil 2 0 0 0 
Entoloma "Marriotts Marvel" D soil 2 4 0 15 
Entoloma "medium isopentagonal spores" D soil 0 1 0 20 
Entoloma aff. asprelloides G.Stev. D soil 0 2 0 2 
Entoloma aff. nitidum Quél. D soil 9 2 8 3 
Entoloma albidocoeruleum G.Gates & 

Noordel. D soil 2 0 0 0 
Entoloma albidosimulans G. Gates & 

Noordel. D soil 8 0 0 0 
Entoloma aromaticum E. Horak D soil 5 17 0 5 
Entoloma austrorhodocalyx G. Gates & 

Noordel. D soil 1 3 2 1 
Entoloma brevispermus G. Gates & 

Noordel. D soil 22 5 29 5 
Entoloma camarophyllus G.Gates & 

Noordel. D soil 0 1 0 3 
Entoloma chrysopus G.Gates & Noordel. D soil 26 5 6 0 
Entoloma coeruleogracilis G.Gates & 

Noordel. D soil 0 0 26 10 
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Entoloma conferendum (Britzelm.) Noordel. D soil 4 0 0 0 
Entoloma fibrosopileatum G. Gates & 

Noordel. D soil 29 5 10 1 
Entoloma fuligineopallescens G. Gates & 

Noordel. D soil 7 1 0 0 
Entoloma fumosopruinosum G. Gates & 

Noordel. D soil 1 0 1 2 
Entoloma indigoticoumbrinum G.Gates & 

Noordel. D soil 0 1 0 0 
Entoloma lepiotoides G.Gates & Noordel. D soil 1 0 0 0 
Entoloma moongum Grgur. D soil 4 6 0 1 
Entoloma panniculum (Berk.) Sacc. D soil 0 1 0 3 
Entoloma pruinosolilaceum G.Gates & 

Noordel. D soil 2 0 0 0 
Entoloma readiae G. Stev. D soil 33 21 28 18 
Entoloma rodwayi (Massee) E. Horak D soil 2 0 0 7 
Entoloma serrulatum (Pers.) Hesler D soil 0 0 0 2 
Entoloma stellatum G.Gates & Noordel. D soil 0 0 0 2 
Entoloma stramineopallescens G.Gates & 

Noordel. D soil 1 0 0 0 
Entoloma sulphureum E. Horak D soil 2 5 6 1 
Entoloma viridomarginatum (Cleland) E. 

Horak D soil 0 1 0 1 
Epithele hydnoides Burt D wood 1 0 0 0 
Exidia "grey" D wood 1 16 2 4 
FF101 fine pored polypore D wood 0 0 0 1 
FF102 Phellinus sp. D wood 0 0 1 0 
FF105 Phellinus sp. D wood 0 1 0 0 
FF107 "fluffodontia" BN D wood 0 1 0 0 
FF108 "yellowy grandinoid" D wood 0 1 0 0 
FF112 Scytinostroma sp. D wood 0 0 0 1 
FF116 white polypore "dimitic" D wood 0 0 1 0 
FF118 Phlebia cf. livida BN D wood 0 0 1 0 
FF120 "white cord former" D wood 0 1 0 0 
FF122 "greyish bloom" D wood 0 0 1 0 
FF123 D wood 0 0 1 0 
FF124 Hymenochaete sp. D wood 0 0 1 0 
FF125 "creamy, rivulose flat" D wood 0 0 1 0 
FF126 D wood 0 0 1 0 
FF127 D wood 0 0 1 0 
FF128 D wood 0 0 0 1 
FF132 D wood 1 0 0 0 
FF134 D wood 0 2 0 0 
FF135 Phlebia sp. BN D wood 0 1 0 0 
FF136 Resinicium sp. BN D wood 0 1 0 0 
FF137 Resinicium sp. BN D wood 0 1 0 0 
FF142 Athelopsis sp. BN D wood 0 0 0 1 
FF143 Botryobasidium sp. BN D wood 0 0 0 1 
FF144 D wood 0 0 0 1 
FF145 Hyphoderma sp. BN D wood 0 0 0 1 
FF146 D wood 0 0 1 0 
FF147 Hymenochaete sp. D wood 0 0 1 0 
FF149 "orangey mycelium" D wood 0 0 1 0 
FF150 "white grandinoid" D wood 0 0 1 0 
FF153 Hymenochaete sp. setae 34x6u D wood 0 0 1 0 
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FF154 Hymenochaete sp. setae 70x10u D wood 0 0 1 0 
FF156 Subuticium sp. BN D wood 1 0 0 0 
FF159 Hymenochaete sp. setae 24x5u D wood 0 0 1 0 
FF160 Hymenochaete sp. setae 140x16u D wood 0 0 0 1 
FF161 D wood 0 0 0 1 
FF162 D wood 0 0 0 1 
FF163 D wood 0 0 0 1 
FF164 D wood 0 0 0 1 
FF166 white grandinoid D wood 0 0 1 0 
FF173 D wood 1 0 0 0 
FF174 grey powdery D wood 1 0 0 0 
FF175 Hymenochaete sp. D wood 1 0 0 0 
FF176 D wood 1 0 0 0 
FF177 D wood 1 0 0 0 
FF178 grey grandinoid D wood 0 1 0 0 
FF179 D wood 0 1 0 0 
FF182 creamy yellow odontitoid D wood 0 0 1 0 
FF186 green lacy D wood 1 0 0 0 
FF189 amyloid cc D wood 0 1 0 0 
FF190 Hymenchaete sp. D wood 0 1 0 0 
FF192 white fluffy D wood 0 1 0 0 
FF193 white, grandinoid D wood 0 1 0 0 
FF194 large spores 14x5 and projecting cc D wood 0 0 0 1 
FF195 tough white polypore D wood 0 0 0 2 
FF196 white polypore with fungoid odour D wood 0 0 0 1 
FF197 Gloeocystidiellum sp.?  D wood 0 0 1 0 
FF198 Phellinus sp. potpourri odour D wood 0 0 1 0 
FF199 Gloeocystidiellum sp ? D wood 0 0 0 1 
FF200 Athelia sp. D wood 0 0 0 1 
FF201 Trechyspora sp.?? D wood 0 0 1 0 
FF202 white cords, with arrow shaped 

crystals D wood 0 0 1 0 
FF203 dark brown cords D wood 0 0 1 0 
FF207 D wood 0 0 1 0 
FF209 D wood 0 0 1 0 
FF211 white tough odontoid D wood 1 0 0 0 
FF213 white pores D wood 0 0 0 1 
FF214 creamy pink with iodine odour D wood 0 0 0 1 
FF215 creamy paint, cracking D wood 0 0 0 1 
FF216 Hymenochaete sp. setae 40-80x10u D wood 0 0 0 1 
FF221 Hymenochaete sp. setae 150x12u D wood 0 0 1 0 
FF223 Phellinus sp. D wood 0 0 1 0 
FF227 white grandinoid with waisted 

basidia D wood 0 0 0 1 
FF230 Hymenochaete sp. D wood 0 0 1 0 
FF232 D wood 0 1 0 0 
FF235 Gloeocystidiellum sp. D wood 0 1 0 0 
FF237 lime green gelatinous/waxy D wood 2 0 1 1 
FF238 orange cream polypore D wood 0 0 0 1 
FF239 tough white polypore with iodine 

odour D wood 0 0 0 1 
FF240 D wood 0 0 1 0 
FF241 creamy flat with capitate cc D wood 0 0 0 1 
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FF245 white polypore, bruising pink brown, 
citrus odour D wood 0 0 1 0 

FF247 bright yellow sulphur mycelium D wood 1 0 0 0 
FF248 orange buff mycelium D wood 1 0 0 0 
FF249 Gloeocystidiellum sp.? White D wood 1 0 0 0 
FF250 Gloeocystidiellum sp.? Pink D wood 0 1 0 0 
FF251 greyish yellow with pink, gelatinous D wood 0 1 0 1 
FF252 white, odontitoid, chamois-like D wood 0 3 0 0 
FF254 "white cord former" D wood 1 0 0 0 
FF257 white polypore, odour of iodine D wood 0 0 1 0 
FF259 white corky polypore, fungoid odour D wood 0 0 1 0 
FF261 Hymenochaete sp. D wood 0 0 1 0 
FF263 white corky polypore, fungoid odour D wood 0 0 0 1 
FF264 spores 14x4.5 D wood 0 2 0 0 
FF265 Gloeocystidiellum sp. pink snow D wood 0 1 0 0 
FF266 white polypore with iodine odour D wood 1 0 0 0 
FF282 Schizopora? D wood 0 0 0 1 
FF283 fluffy towers D wood 0 1 0 0 
FF284 little towers D wood 0 1 0 0 
FF286 rose pink polypore D wood 0 1 0 0 
FF287 orange cream polypore D wood 0 0 0 1 
FF290 polypore D wood 0 0 0 1 
FF76 D wood 0 0 1 0 
FF77 D wood 0 0 1 0 
FF88 D wood 0 0 1 0 
FF89 Skeletocutis sp. BN D wood 0 0 1 0 
FF90 D wood 0 0 1 0 
FF97 Hymenochaete sp. D wood 0 1 0 0 
FF98 sterile mycelium D wood 0 1 0 0 
FF99 D wood 0 1 0 0 
Fistulinella mollis Watling M soil 8 12 38 3 
Flammulaster sp. D litter 0 2 0 0 
Flammulina velutipes (Curtis : Fr.) Singer D wood 0 1 0 0 
Fomes hemitephrus (Berk.) Cooke D wood 75 54 2 1 
Galerina "C138, dark reddish brown, 

spores 7x5" D soil 0 0 0 1 
Galerina "C188, dark reddish brown, 

umbonate, spores 6.5x4" D soil 0 0 0 2 
Galerina "C93, orangy brown, spores 6x5" D soil 1 0 0 0 
Galerina "concolorous ochre, sphaeroped. 

cc, spores smooth, 5x4" D litter 0 0 0 1 
Galerina "dark umber brown" D soil 4 0 0 1 
Galerina "golden brown c long thin reddish 

stipe, spores 7x5.5" D litter 0 0 0 9 
Galerina "golden brown, crenate, calyptrate 

spores 10x7" D soil 0 0 1 0 
Galerina "in moss with calyptrate spores 

and iodine odour" D wood 0 2 3 2 
Galerina "orange/yellow foot" D soil 0 0 0 3 
Galerina "pink, c round spores" D soil 1 0 0 0 
Galerina "scurfy" D soil 7 0 0 1 
Galerina "with sphaeropedunculate 

cheilocystidia" D litter 0 0 0 1 
Galerina "with white annulus" D soil 1 4 1 3 
Galerina hypnorum (Schrank : Fr.) Kühner D litter 14 8 39 62 
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Galerina patagonica Singer D wood 52 84 1 53 
Ganoderma australe (Fr.) Pat. D wood 132 68 0 2 
Geastrum triplex Jungh. D soil 0 2 0 0 
Geoglossum cookeanum Nannf. D soil 44 1 0 0 
Gloeocystidiellum "peach lumps on wood" D wood 0 4 0 0 
Gloeocystidiellum leucoxanthum (Bres.) 

Boidin D wood 0 1 0 0 
Gloeoporus taxicola (Pers. : Fr.) Gilb. & 

Ryvarden D wood 4 7 7 0 
Gymnopilus allantopus (Berk.) Pegler D wood 6 9 39 28 
Gymnopilus austropicreus B.J. Rees D wood 16 2 3 2 
Gymnopilus eucalyptorum (Cleland) Singer D wood 0 0 0 1 
Gymnopilus ferruginosus B.J. Rees D wood 32 15 61 35 
Gymnopilus tyallus Grgur. D wood 2 11 29 8 
Gymnopus "brown frilly" D soil 0 0 0 1 
Hapalopilus sp. D wood 1 2 4 2 
Hebeloma "medium, pink-buff, spores 8x5" M soil 0 0 0 11 
Hebeloma "very large, spores 8x6" M soil 1 0 0 1 
Hemimycena lactea (Pers. : Fr.) Singer D litter 1 16 0 52 
Henningsomyces candidus (Pers.) Kuntze D wood 0 0 1 0 
Heterotextus peziziformis (Berk.) Lloyd D wood 16 5 11 10 
Hohenbuehelia "brown or yellowy tan, with 

farinaceous odour" D wood 5 9 5 7 
Hydnangium carneum Wallr. in Klotzsch M soil 0 0 0 1 
Hydnellum "pink spines" M soil 0 0 0 5 
Hydnum repandum L. : Fr. M soil 29 3 0 50 
Hygrocybe "hygrocam" D soil 4 0 0 0 
Hygrocybe "lemon" D soil 4 0 0 0 
Hygrocybe "rose-pink with yellow gills" D soil 0 1 0 0 
Hygrocybe "vinetop with yellow gills" D soil 8 0 2 1 
Hygrocybe aff. coccinea (Schaeff. : Fr.) P. 

Kumm. D soil 57 9 0 2 
Hygrocybe astatogala (R.Heim) Heinem. D soil 8 3 0 0 
Hygrocybe aurantiopallens (E. Horak) A.M. 

Young D soil 5 1 6 1 
Hygrocybe chromolimonea (G.Stev.) T.W. 

May & A.E. Wood D soil 67 6 8 0 
Hygrocybe erythrocrenata Monks & A.K. 

Mills D soil 15 1 0 15 
Hygrocybe firma (Berk. & Broome) Singer D soil 4 0 0 0 
Hygrocybe graminicolor (E. Horak) T.W. 

May & A.E. Wood D soil 55 13 28 17 
Hygrocybe lewellinae (Kalchbr.) A.M. 

Young D soil 4 1 4 2 
Hygrocybe lilaceolamellata (G.Stev.) E. 

Horak D soil 5 0 1 1 
Hygrocybe mavis (G.Stev.) E. Horak D soil 14 1 3 0 
Hygrocybe pseudograminicolor A.M.Young D soil 1 0 0 0 
Hygrocybe reesiae A.M. Young D soil 6 0 0 0 
Hygrocybe rodwayi (Massee) A.M.Young D soil 11 1 0 0 
Hygrocybe roseoflavida A.M. Young & A.K. 

Mills D soil 12 0 0 0 
Hygrocybe taekeri A.M.Young D soil 2 0 0 0 
Hygrophoropsis aurantiaca (Wulfen : Fr.) 

Maire D soil 3 3 0 2 
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Hygrophorus involutus G.Stev. var. albus 
A.M. Young & A.K. Mills D soil 5 0 0 0 

Hygrophorus involutus G.Stev. var. 
involutus D soil 3 2 0 0 

Hymenochaete "brown with yellow edging" D wood 0 0 1 0 
Hymenochaete cruenta (Pers.) Donk D wood 1 1 0 4 
Hymenochaete sp. D wood 0 1 0 1 
Hymenoscyphus pezizoideus (Cooke & W. 

Phillips) Gamundí D wood 0 0 0 1 
Hyphoderma medioburiense (Burt) Donk D wood 0 0 0 1 
Hyphodontia radula (Pers.) Langer & 

Vesterh. D wood 0 0 0 1 
Hypholoma brunneum (Massee) D.A. Reid D wood 15 2 28 13 
Hypholoma fasciculare (Huds. : Fr.) P. 

Kumm. D wood 11 2 14 18 
Hypholoma sublateritium (Fr.) Quél. D wood 1 1 16 0 
Hypochnicium detriticum (Bourdot & 

Galzin) J. Erikss. & Ryvarden D wood 0 0 0 1 
Hypocrea aff. sulphurea (Schwein.) Sacc. D wood 2 44 1 20 
Hypoxylon aff. placentiforme Berk. & M. A. 

Curtis D wood 2 101 7 8 
Hypoxylon bovei var. microsporum J.H. 

Mill. D wood 18 13 19 4 
Hypoxylon crocopeplum Berk. & M.A. 

Curtis D wood 0 34 0 0 
Hypoxylon diatrypeoides Rehm D wood 0 0 0 1 
Hypoxylon hians Berk. & Cooke D wood 8 5 1 0 
Hypoxylon howeanum Peck D wood 0 1 0 0 
Inocybe "I117, darkly burnt umber, 

fibrillose, spores 8x5" M soil 0 0 0 1 
Inocybe "I119, pale ochre, squamulose, 

spores 7x4" M soil 0 0 0 1 
Inocybe "I120, dull brown c reddish stipe, 

spores 8x4" M soil 0 0 0 1 
Inocybe "I121, greyish brown, conical, 

Venetian Red stipe, spores 7x4" M soil 0 4 0 4 
Inocybe "I122, brown-ochre squamulose, 

spores smooth" M soil 0 0 1 0 
Inocybe "I125, grey-brown, pinkish stipe, 

spores 8x4.5" M soil 0 1 0 2 
Inocybe "I126, pale bronzy br., fibrillose, 

pale pink-brown stipe, spores 7x4.5" M soil 0 2 0 6 
Inocybe "I129, brown, slightly scurfy, 

slender metuloids, spores 8x4.5" M soil 0 1 0 2 
Inocybe "I130, chocolate brown, 

squamulose" M soil 12 7 1 5 
Inocybe "I132, lightish brown, scabby 

centre, spores 8x4.5" M soil 2 0 0 0 
Inocybe "I134, very large, discissa-type" M soil 4 0 0 0 
Inocybe "I135, sandy blond, spores 

smooth, 9x6" M soil 1 0 0 0 
Inocybe "I136, grey-brown fibrillose, spores 

subnodulose, 6-7" M soil 1 0 0 0 
Inocybe "I137, brown, fibrillose, spores 

smooth, 6x4" M soil 2 0 0 0 
Inocybe "I139, brown, fibrillose, nodulose 

spores 6x4" M soil 0 2 0 0 
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Inocybe "I140, v. thick-walled metuloids, 
spores smooth, 8x5" M soil 0 0 0 1 

Inocybe "lilac-pink stipe" M soil 0 1 0 0 
Inocybe cystidiocatenata Grgur. M soil 1 1 1 1 
Inocybe discissa (Cleland) Grgur. M soil 6 2 1 6 
Junghuhnia nitida (Pers.) Ryvarden D wood 0 7 0 1 
Junghuhnia rhinocephala (Berk.) Ryvarden D wood 0 110 0 8 
Laccaria "deep reddish brown, largish, 

drying ochre at centre, spores 7-8x7-8" M soil 45 17 16 2 
Laccaria masonii G. Stev. M soil 13 0 0 0 
Laccaria sp. A (Thesis of T.W. May) M soil 18 4 0 0 
Laccaria spp. M soil 153 116 16 47 
Lachnum lachnoderma (Berk.) G.G. Hahn 

& Ayers D wood 2 5 0 0 
Lactarius clarkeae Cleland M soil 0 0 2 0 
Lactarius eucalypti O.K. Mill. & R.N. Hilton M soil 64 70 117 116 
Lactarius piperatus (L. : Fr.) Pers. M soil 7 0 0 0 
Lactarius wirrabara Grgur. M soil 1 3 20 1 
Lanzia lanaripes (Dennis) Spooner D wood 0 0 0 2 
Lentinellus castoreus (Fr.) Kühner & Maire D wood 0 0 2 0 
Lentinellus pulvinulus (Berk.) Pegler D wood 0 10 1 2 
Lentinellus tasmanica R.H. Petersen D soil 0 0 0 1 
Leotia lubrica (Scop.) Pers. D soil 17 23 37 71 
Lepiota "apricot" D soil 0 4 0 0 
Lepiota "brownish yellow" D soil 1 2 1 0 
Lepiota "large white" D soil 1 3 0 0 
Lepiota "reddish brown scales" D soil 6 9 7 3 
Lepiota "sooty" D soil 16 15 9 1 
Lepiota "spikey, brown scaly centre" D soil 11 15 13 5 
Lepiota haemorrhagica Cleland D soil 1 11 0 1 
Lepiota sp. D soil 0 1 0 0 
Leucoagaricus sp. D soil 0 6 0 0 
Leucocoprinus sp. D soil 3 5 0 0 
Leucopaxillus eucalyptorum (Cleland) 

Grgur. M soil 2 7 0 1 
Limacella "Fiona's mystery" M soil 0 7 0 3 
Lycoperdon perlatum Pers. : Pers. D soil 11 6 0 10 
Lycoperdon pyriforme Schaeff. : Pers. D wood 6 1 0 4 
Lyophyllum "large brown cap, blackening 

stipe" D soil 0 0 0 1 
Macrotyphula juncea (Fr.: Fr.) Berthier D litter 0 3 0 2 
Marasmiellus "apricot" D litter 0 0 0 1 
Marasmiellus "cream or creamy pink, no 

odour" D litter 1 4 3 5 
Marasmiellus "decurrent gills" D litter 0 2 0 1 
Marasmiellus "earth odour" D litter 2 1 0 1 
Marasmiellus "garlic odour" D litter 0 21 0 39 
Marasmiellus affixus (Berk.) Singer D wood 8 21 76 43 
Marasmius "angina" D litter 114 34 18 22 
Marasmius "minutae" D litter 30 102 6 10 
Marasmius "pinkish brown or cream cap, 

close gills, no odour" D litter 18 29 47 98 
Marasmius "soft pink" D litter 16 13 5 15 
Marasmius "with foetid odour" D litter 5 0 0 0 
Marasmius crinisequi F. Muell. D litter 0 19 0 9 
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Species binomial with author 
Life 
form1 

Pref. 
sub2 OG3 1898 1934 DB 

Meiorganum curtisii (Berk.) Singer, Garcia 
& Gomez D wood 15 5 3 3 

Melanophyllum haematospermum (Bull. : 
Fr.) Kreisel D soil 3 3 1 5 

Melanotus hepatochrous (Berk.) Singer D wood 2 1 0 3 
Mitrula sp. D litter 0 0 0 6 
Mollisia cinerea (Batsch) P. Karst. D wood 19 10 48 11 
Mucronella pendula (Massee) R.H. 

Petersen D wood 11 2 1 3 
Mycena "M147, dark brown disc, 

caespitose on wood" D wood 0 1 0 0 
Mycena "M155, dark brown cap, polished 

stipe, iodine odour" D litter 0 0 1 0 
Mycena "M159, small, brown, decurrent 

gills with red margins" D wood 0 0 5 0 
Mycena "M160, pallid beige, spores 12x8" D wood 0 0 1 1 
Mycena "M161, robust brown species, 

spores 8x5" D wood 0 0 1 0 
Mycena "M162, fragile, pale ochre c blister 

at centre, spores 8x6" D wood 1 0 0 0 
Mycena "M163, bell-shaped, beige, spores 

10x6.5" D wood 4 0 0 0 
Mycena "M164, stumpy brown, dusty, 

decurrent gills, spores 9x6" D litter 1 0 0 0 
Mycena "M165" D litter 0 0 1 0 
Mycena "M167, sharp pointy umbo" D wood 0 0 1 0 
Mycena "M168, greyish pink, spores 7x5, 

bleach odour" D litter 2 0 0 0 
Mycena "M172, uniformly dark brown cap, 

yellowy gills, spores 7x5" D wood 1 0 0 0 
Mycena "M174, pale grey brown, spores 

7x5, small c.c." D litter 1 0 0 1 
Mycena "M175, dark golden brown, spores 

10x8" D wood 0 0 1 0 
Mycena "M176, pinkish buff, dimorphic 

spores, either 6x4 or 9x4.5" D wood 1 0 0 0 
Mycena "M177, white, threadlike stipe, 

spores 7x3" D litter 2 11 8 11 
Mycena "M178, pallid brown, v. dark brown 

centre, spores 8x5" D litter 1 1 0 0 
Mycena "M179, dark brown centre c very 

long stipe, spores 10x7" D litter 0 0 0 4 
Mycena "M180, dark grey-brown, inamyloid 

spores 6x4, echinulate" D litter 1 0 0 0 
Mycena "M181, medium brown, spores 

6x6" D wood 1 0 0 0 
Mycena "M182, small, white, pseudostipes, 

spores 6x3, amyloid" D wood 0 1 0 0 
Mycena "M183, small, white, fragile, 

depress. cent., decurr. gills, spores 6x5" D litter 0 0 0 1 
Mycena "M185, pale cream to fawn, dark 

purple centre, spores 10x4.5, inamyloid" D litter 2 3 2 1 
Mycena "M186, yellowy ochre c darker 

centre, spores 8x5, dextrinoid" D litter 0 1 0 0 
Mycena "M187, pale bronze-brown, spores 

7x4" D litter 0 0 1 0 
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Species binomial with author 
Life 
form1 

Pref. 
sub2 OG3 1898 1934 DB 

Mycena "M188, orangy brown centre, 
colourless margin, spores 7x5, inamyloid" D litter 1 0 0 0 

Mycena "M189, small grey, pellucid, long 
threadlike stipe" D litter 1 10 6 26 

Mycena "M191, brown, robust, fusiform 
cheilocystidia" D litter 0 0 0 1 

Mycena "M193, brown, rabbit-ears 
cheilocystidia, iodine odour" D litter 2 2 0 0 

Mycena "M195, sticky white" D litter 1 0 0 0 
Mycena "M199, dark brown in litter" D litter 0 0 1 0 
Mycena "M202, pink cap, slender stipe, 

radish odour" D litter 0 3 0 0 
Mycena "M203, very small, whitish, 

decurrent gills, no odour" D wood 0 0 1 0 
Mycena "M204, white with red centre, earth 

odour, spores 9x4.5, cheilocystidia" D litter 0 0 0 5 
Mycena "M206, dry, white, in litter" D litter 0 1 0 0 
Mycena "M207, brown cap with sharp 

umbo, yellowy stipe" D litter 0 0 0 1 
Mycena "M208, greyish, pellucid, spores 

8x6.5" D litter 0 3 0 1 
Mycena "M210, white" D wood 0 1 0 0 
Mycena "pale lemon" D litter 0 1 0 0 
Mycena "pink or brown with bleach odour & 

long slender stipe" D soil 1 26 0 7 
Mycena "red rhizomorphs" D wood 2 0 0 0 
Mycena "small, all white, fragile, adnate or 

decurrent gills, bleach odour or none" D litter 0 3 0 2 
Mycena "small, white, fragile, decurrent 

gills, threadlike yellow stipe, no odour" D litter 0 4 0 2 
Mycena "small, white, on twigs, with 

adnexed, distant gills" D litter 1 0 0 0 
Mycena "white, fragile, distant shallow gills, 

no odour" D litter 0 2 0 1 
Mycena "yellowy/yellow-ochre with earth 

odour" D litter 11 35 16 14 
Mycena albidocapillaris Grgur. & T.W. May D litter 61 29 31 51 
Mycena albidofusca Cleland D litter 3 19 5 52 
Mycena atrata Grgur. D litter 0 1 0 0 
Mycena austrofilopes Grgur. & A.A. 

Holland D litter 10 6 7 8 
Mycena austrofilopes var. roseobrunnea 

Grgur. D litter 0 1 2 4 
Mycena austrororida Singer D wood 17 6 3 2 
Mycena carmeliana Grgur. D wood 18 31 47 12 
Mycena cystidiosa (G. Stev.) E. Horak D litter 142 184 175 129 
Mycena epipterygia (Scop. : Fr.) Gray D litter 88 35 117 51 
Mycena fumosa Grgur. D wood 1 2 0 1 
Mycena interrupta (Berk.) Sacc. D wood 86 92 95 69 
Mycena kurramulla Grgur. D wood 1 9 50 93 
Mycena lividorubra Segedin D litter 0 3 3 14 
Mycena maldea Grgur. D wood 6 12 35 4 
Mycena mulawaestris Grgur. D wood 78 76 37 37 
Mycena nargan Grgur. D wood 6 7 2 3 
Mycena neerimensis Grgur. D litter 6 13 14 0 
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Species binomial with author 
Life 
form1 

Pref. 
sub2 OG3 1898 1934 DB 

Mycena sanguinolenta (Alb. & Schwein. : 
Fr.) P. Kumm. D wood 67 63 92 42 

Mycena subgalericulata Cleland D wood 30 65 89 82 
Mycena subvulgaris Cleland D litter 0 2 11 48 
Mycena toyerlaricola Grgur. D litter 42 70 57 120 
Mycena tuvara Grgur. D wood 0 0 1 0 
Mycena vinacea Cleland D soil 22 67 14 58 
Mycena viscidocruenta Cleland D litter 32 16 35 8 
Mycena yuulongicola Grgur. D wood 5 1 0 0 
Mycenella "M209, brown" D litter 1 1 0 0 
Mycoacia fuscoatra (Fr.) Donk D wood 0 0 2 0 
Mycoacia subceracea (Wakef.) G. Cunn. D wood 0 14 13 5 
Nectria cinnabarina (Tode) Fr. D wood 0 1 0 0 
Nitschkia sp. D wood 0 1 0 1 
Oudemansiella "gelatinous white on wood" D wood 1 0 0 0 
Pachykytospora papyracea (Schwein.) 

Ryvarden D wood 0 1 1 0 
Paecilomyces tenuipes (Peck) Samson D soil 1 0 0 0 
Panellus longinquus (Berk.) Singer D wood 4 2 4 1 
Panellus stipticus (Bull. : Fr.) P. Karst. D wood 15 14 30 12 
Phaeocollybia tasmanica B.J. Rees & A.E. 

Wood M soil 0 0 1 0 
Phanerochaete filamentosa (Berk. & M.A. 

Curtis) Burds. D wood 14 9 6 16 
Phellinus "resupinate" D wood 0 1 4 0 
Phellinus wahlbergii (Fr.) D.A. Reid D wood 19 11 15 22 
Phellodon "brown" M soil 0 0 11 45 
Phellodon niger (Fr. : Fr.) P. Karst. M soil 0 0 0 17 
Pholiota aurivella (Batsch. : Fr. ) P. Kumm. D wood 1 1 0 0 
Pholiota fieldiana Y.S.Chang & A.K.Mills D soil 8 0 0 0 
Pholiota malicola (Kauffman) A.H. Sm. D soil 6 0 9 0 
Pholiota multicingulata E. Horak D wood 4 31 6 7 
Pholiota pallidocaulis Y.S. Chang & A.K. 

Mills D wood 0 0 1 1 
Pholiota squarrosipes Cleland D soil 0 0 0 5 
Pholiotina filaris (Fr.) Singer D soil 0 5 0 1 
Phylloporus "brown velvet cap, lemon 

yellow tubes, blueing" M soil 5 8 0 0 
Phylloporus aff. rhodoxanthus (Schwein.) 

Bres. M soil 3 0 0 0 
Physalacria sp. D wood 2 0 0 0 
Plectania campylospora (Berk.) Nannf. D wood 73 11 0 0 
Pleurotus purpureo-olivaceus (G.Stev.) 

Segedin, P.K. Buchanan & J.P. Wilkie D wood 14 6 0 1 
Pluteus "brown velvet cap, pink stipe and 

gills" D wood 2 0 0 5 
Pluteus "grey/brown with blueing stipe" D wood 26 4 1 1 
Pluteus atromarginatus (Konrad) Kühner D wood 62 21 7 6 
Pluteus cervinus (Schaeff.) P. Kumm. D wood 14 13 0 6 
Podoserpula pusio (Berk.) D.A. Reid D soil 21 10 8 8 
Polyporus gayanus Lév. D wood 0 10 0 14 
Polyporus melanopus (Sw. : Fr.) Fr. D wood 0 6 0 0 
Polyporus nigrocristatus E. Horak & 

Ryvarden D wood 4 4 3 8 
Porpoloma "grey" M soil 0 1 0 13 
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Pref. 
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Postia caesia (Schrad. : Fr. ) P. Karst. D wood 2 13 1 9 
Postia dissecta (Lév.) Rajchenb. D wood 1 27 38 6 
Postia lactea (Fr.: Fr.) P. Karst. D wood 0 1 0 0 
Postia pelliculosa (Berk.) Rajchenb. D wood 9 11 22 4 
Postia pelliculosa (Berk.) Rajchenb. var. 

"black-yellow" D wood 0 0 2 0 
Postia punctata Rajchenb. & P.K. 

Buchanan D wood 9 0 5 19 
Protoglossum "EB178, rusty red-brown, 

glutinous, spores 12x6" M soil 1 0 0 0 
Protoglossum "EB187, glutinous, tan 

yellow-br. c iodine odour, spores 14x10" M soil 0 0 1 0 
Protoglossum sp. M soil 1 0 1 0 
Psathyloma "psathyrelloides" D soil 26 1 28 3 
Psathyrella "brown, becoming frosty buff, 

spores 8x5, with sphaeropedunculate cc" D wood 0 2 1 0 
Psathyrella "dark brown, drying ochre br., 

spores 8x4, sphaeropedunculate cc" D soil 0 3 1 0 
Psathyrella "dark brown, hygrophanous, 

spores 7x3.5 um" D wood 0 2 0 0 
Psathyrella "ghost c.c., spores 8x5" D wood 0 0 1 0 
Psathyrella "greyish brown, spores 7.5x4, 

subglobose cc" D wood 0 1 0 0 
Psathyrella "ochre" D wood 0 1 0 0 
Psathyrella "pseudoechinata" D wood 2 4 5 4 
Psathyrella "soil, paddle-like cc, spores 

9x5" D soil 0 6 0 0 
Psathyrella echinata (Cleland) Grgur. D wood 31 12 35 5 
Pseudobaeospora sp. D soil 2 38 3 11 
Pseudohydnum gelatinosum (Scop. : Fr.) 

P. Karst D wood 11 8 25 3 
Pseudoplectania nigrella (Pers. : Fr.) 

Fuckel D soil 0 0 1 0 
Psilocybe "brunneoaurantiescens" D wood 0 0 0 2 
Psilocybe "Venetian red, cheilocystidia 

small, spores 8x4" D soil 1 0 0 0 
Psilocybe brunneoalbescens Y.S. Chang & 

A.K. Mills D wood 98 8 51 18 
Psilocybe fascicularis var. armeniaca Y.S. 

Chang & A.K. Mills D wood 24 4 30 28 
Psilocybe formosa Y.S. Chang & A.K. Mills D soil 0 4 0 10 
Pulveroboletus ravenelii (Berk. & Curt.) 

Murrill M soil 1 0 0 1 
Radulomyces cf. confluens (Fr.) M.P. 

Christ. D wood 0 1 0 0 
Ramaria "greyish orange" M soil 7 0 0 0 
Ramaria "orange" M soil 3 0 0 6 
Ramaria "pale buff-yellow with pink at 

base" M soil 0 0 1 0 
Ramaria capitata (Lloyd) Corner M soil 0 0 0 1 
Ramaria fennica (P. Karst.) Ricken M soil 1 0 0 16 
Ramaria holorubella (G.F. Atk.) Corner M soil 0 0 2 0 
Ramaria lorithamnus (Berk.) R.H. Petersen M soil 1 4 0 5 
Resupinatus applicatus (Batsch : Fr.) Gray D wood 0 3 1 3 
Rhodocollybia butyracea (Bull. : Fr.) 

Lennox D soil 29 54 45 37 
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Pref. 
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Rhodocybe pseudopiperita T.J. Baroni & G. 
Gates D soil 0 4 0 1 

Ripartites sp. D soil 0 0 2 0 
Rozites armeniacovelatus Bougher, Fuhrer 

& E.Horak M soil 0 0 2 0 
Russula "cream or biscuit, st. retic., 

pinkish, white inner, bruising, spores 7x7" M soil 0 0 0 1 
Russula "green & yellow pileus" M soil 0 1 0 0 
Russula "grey-green" M soil 0 1 0 1 
Russula "grey-pink" M soil 4 0 0 1 
Russula "pink cap, pink stipe, cream or 

white gills" M soil 2 1 1 7 
Russula "pink cap, white gills, stipe white 

with hint of pink" M soil 0 1 0 1 
Russula "pink with yellow hues to cap, 

spores 6x5" M soil 3 0 1 0 
Russula "purple-yellow cap" M soil 3 0 0 1 
Russula "red cap, pink stipe, yellow gills" M soil 3 0 0 4 
Russula "red cap, yellowy stipe and gills" M soil 0 0 0 1 
Russula albonigra (Krombh.) Fr. M soil 1 1 0 0 
Russula clelandii O.K. Mill. & R.N. Hilton M soil 3 1 0 3 
Russula compacta Frost & Peck M soil 10 0 9 2 
Russula lenkunya Grgur. M soil 26 9 7 18 
Russula marangania Grgur. M soil 1 1 0 5 
Russula persanguinea Cleland M soil 48 11 48 29 
Russulaceae "EB177, white secotioid 

earthball, spores 9x8" M soil 0 1 0 0 
Russulaceae "EB185, dry white, spores 

10x10" M soil 0 0 1 0 
Russulaceae "EB186, secotioid, white c 

some ochraceous hues, spores 8x8" M soil 0 0 1 0 
Russulaceae "EB188, white c ochre hues, 

v. strong truffle odour, spores 9x9" M soil 1 0 0 0 
Sarcodon sp. M soil 0 0 0 1 
Schizopora paradoxa (Schrad.) Donk D wood 4 0 0 0 
Setchelliogaster australiensis G.W. Beaton, 

Pegler & T.W.K. Young M soil 0 2 1 0 
Simocybe phlebophora E. Horak D wood 11 7 1 1 
Sirobasidium brefeldianum Möller D wood 28 37 8 42 
Skeletocutis nivea (Jungh.) Jean Keller D wood 7 50 0 6 
Steccherinum "peach" D wood 0 5 0 23 
Stereum hirsutum (Willd. : Fr.) Pers. D wood 3 0 0 0 
Stereum illudens Berk. D wood 8 32 23 57 
Stereum ostrea (Blume & Nees : Fr.) Fr. D wood 30 161 13 44 
Stereum rugosum Pers. D wood 5 10 33 21 
Tephrocybe "grey-brown" D soil 0 3 0 0 
Tephrocybe "yellowy" D soil 4 0 0 0 
Trametes versicolor (L. : Fr.) Lloyd D wood 6 0 0 2 
Tremella encephala Willd. D wood 0 3 0 0 
Tremella fimbriata Pers. : Fr. D wood 0 0 0 1 
Tremella fuciformis Berk. D wood 0 1 9 13 
Tricholoma "grey, with odour" M soil 2 10 1 40 
Tricholoma "large pink or pink-buff" M soil 0 0 0 13 
Tricholoma "pink or reddish brown with 

very white gills" M soil 0 0 0 8 
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Tricholomataceae "pale lemon agaric" D soil 0 0 1 0 
Tricholomataceae sp. "aff. Mniopetalum" D litter 0 0 0 1 
Tricholomataceae sp. "reduced series, no 

gills" D wood 0 0 0 1 
Tricholomopsis rutilans (Schaeff.) Singer D wood 1 1 0 1 
Tubulicrinis hamatus (H.S. Jacks.) Donk D wood 0 0 1 0 
Tyromyces merulinus (Berk.) G. Cunn. D wood 14 5 14 9 
Vibrissea dura G. Beaton & G. Weste D wood 33 21 17 38 
Xerocomus subtomentosus (L. : Fr.) Quél. M soil 1 0 0 0 
Xeromphalina leonina (Massee) E. Horak D wood 0 1 0 0 
Xylaria "litter" D litter 16 2 0 0 
Xylaria apiculata Cooke D wood 0 2 0 0 
Xylaria castorea Berk. D wood 14 26 0 1 
Xylaria hypoxylon (L.) Grev. D wood 0 3 0 0 
Zelleromyces daucinus G.W. Beaton, 

Pegler & T.W.K. Young M soil 0 3 0 0 
 
1Life form: D=decomposer, M=ectomycorrhizal 
2Preferred substrate: soil, wood or litter 
3OG=Old growth plot, 1898=1898 plot, 1934=1934 plot, DB=1898/1934 plot; entries 

give the number of records observed in each plot 
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APPENDIX 3 – CORTICIOID AND RESUPINATE POLYPOROID 

SPECIES LIST 
The following is a species list of corticioid and resupinate polyporoid macrofungi 

found at the Warra LTER site on CWD and FWD. Species shown in black are 

corticioid species; species shown in blue are resupinate polyporoid species; species 

shown in red are corticioid and resupinate polyporoid species that were found on 

both CWD and FWD. The initials BN indicate that the identification was made by 

Björn Nordén. 

 
On CWD
Chondrostereum purpureum (Pers.) Pouzar 

:  

Dentipellis leptodon (Mont.) Maas Geest. 
FF76 Polypore 'unknown sp. 2' 
FF89 Skeletocutis sp. BN 
FF97 Hymenochaete 'yellow edge' 
FF101 Polypore 'unknown sp. 1' 
FF106 Athelia decipiens (Höhn. & Litsch.) J. Erikss. (BN) 
FF112 Scytinostroma sp. 
FF116 Polypore, white, dimitic, unknown 
FF117 Athelopsis lacerata (Litsch.) J. Erikss. & Ryvarden (BN) 
FF122 'greyish bloom' unknown 
FF123 Hypochnicium cf. bombycinum (Sommerf.) J. Erikss. 
FF126 unknown 
FF127 unknown 
FF128 unknown 
FF129 Coniophora cf. fusispora (Cooke & Ellis) Cooke (BN) 
FF132 Schizopora radula (Pers.) Hallenb. 
FF134 unknown species with subulate cystidia ca. 100μm long 
FF136 Resinicium sp. 
FF138 Radulomyces cf. confluens (Fr.) M.P. Christ. (BN) 
FF142 Athelopsis sp. BN 
FF143 Botryobasidium sp. BN 
FF144 Xylodon sp. 
FF153 Hymenochaete sp. setae 34x6μm 
FF154 Hymenochaete sp. setae 70x10μm 
FF156 Subulicium sp. BN 
FF160 Hymenochaete sp. setae 140x16μm 
FF162 Vararia sp. 
FF164a Scytinostroma 'spores 10x6μm' 
FF166 Botryobasidium subcoronatum (Höhn. & Litsch.) Donk 
FF173 Hyphodontia cf. breviseta (P. Karst.) J. Erikss. 
FF174 (yet to be determined) 
FF175 Hymenochaete 'setae ca. 90μm long' 
FF176 Trechispora cf. microspora (P. Karst.) Liberta 
FF177 no reproductive structures 
FF178 Sistotremastrum niveocremeum (Höhn. & Litsch.) J. Erikss. 
FF179 Hyphodontia alutaria (Burt) J. Erikss. 
FF182 Irpicodon sp. 
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FF187 Botryobasidium aff. candicans J. Erikss. 
FF189 Tubulicrinis cf. chaetophora (Höhn.) Donk 
FF190 Hymenochaete 'bright rusty, setae ca. 75 x 5μm' 
FF193 Botryobasidium vagum (Berk. & M.A. Curtis) D.P. Rogers 
FF196 Polypore 'white with fungoid odour' 
FF198 trametoid species, not Phellinus sp., potpourri odour 
FF199 unknown 
FF200 Athelia sp. 
FF208 Mycoacia fuscoatra (Fr.) Donk 
FF213 Schizopora sp. 
FF221 Hymenochaete sp. setae 150x12μm 
FF227 Hyphoderma argillaceum (Bres.) Donk 
FF231 Hapalopilus sp. 
FF241 Hyphodontia 'small capitate cc and encrusted cones' 
FF245 Antrodia 'white,bruising pink brown, citrus odour' 
FF259 Antrodia cf. stratosa (J.E. Wright & J.R. Deschamps) Rajchenb. 
FF265 Gloeocystidiellum sp. pink snow 
FF285 Phlebia 'lime green waxy' 
FF290 Macrohyporia dictyopora Cooke) I. Johans. & Ryvarden 
Hyphodontia 'little ghosts' 
Stereum illudens Berk. 
Stereum ostrea (Blume & T. Nees) Fr. 
Stereum rugosum Pers. 

 
On FWD
Aleurodiscus limonisporus D.A. Reid 

: 

Aleurodiscus sp. 
Aleurodiscus sparsus (Berk.) Höhn. & Litsch. 
Amaurodon 'blueing, spores 5x6μm, echinulate' 
Amaurodon viridis (Alb. & Schwein.) J. Schröt. 
Antrodiella citrea (Berk.) Ryvarden 
Asterostroma cremeofulvum Parmasto 
Athelia decipiens (Höhn. & Litsch.) J. Erikss. 
Athelia sp. 
Athelopsis sp. 
Athelopsis 'spores 7-8x3μm' 
Athelopsis lacerata (Litsch.) J. Erikss. & Ryvarden 
Botryobasidium cf. medium J. Erikss. 
Botryobasidium 'navicular spores 8x5μm' 
Byssocorticium pulchrum (S. Lundell) M.P. Christ. 
Byssomerulius corium (Pers.) Parmasto 
Ceriporiopsis merulinus (Berk.) Rajchenb. 
Chondrostereum purpureum (Pers.) Pouzar 
corticioid sp. ‘white cord-former’ 
Dendrothele sp. 
FF95 Epithele cf. hydnoides Burt (BN) 
FF98 sterile mycelium 
FF105 Fomitiporia sublaevigata (Cleland & Rodway) Y.C. Dai 
FF107 Xylodon sp. 'fluffodontia' (BN) 
FF108 Hyphodontia 'yellowy grandinoid' 
FF109 Gloeocystidiellum cf. leucoxanthum (BN) 
FF111 Anomoporia sp. 
FF118 Phlebia cf. livida Fr. (BN) 
FF120 'white cord-former', unknown 
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FF125 Aleurodiscus sp. no spores 'creamy, rivulose flat' 
FF131 Hyphoderma cf. medioburiense (Burt) Donk (BN) 
FF135 Phlebia sp. (BN) 
FF145 Hyphoderma sp. (BN) 
FF147 Hymenochaete sp. 
FF148 Tubulicrinis hamatus (H.S. Jacks.) Donk (BN) 
FF149 'orangey mycelium' 
FF159 Hymenochaete sp. setae 24x5μm 
FF163 Vararia 'dextrionoid dichophyses with curved ends and gloeocystidia' 
FF172 Junghuhnia nitida (Pers.) Ryvarden 
FF186 Botryobasidium 'clamped, greenish' 
FF192 No reproductive structures, white fluffy 
FF195 Skeletocutis lenis (P. Karst.) Niemelä 
FF197 Peniophora incarnata (Pers.) P. Karst. 
FF202 white cords, with arrow shaped crystals 
FF203 dark brown cords 
FF206 Henningsomyces candidus (Pers.) Kuntze 
FF211 Unknown white tough odontoid with phalanged teeth 
FF214 Vararia sp. 
FF215 Phanerochaete 'creamy, cracking', poor material 
FF216 Hymenochaete 'yellow edge' 
FF220 Phellinus 'resupinate setae ca. 40μm' 
FF221 Hymenochaete 'setae ca. 150μm' 
FF222 Hymenochaete 'golden brown, setae ca. 30μm' 
FF223 Phellinus 'setae 34 x 7μm' golden brown resupinate 
FF232 Hyphoderma 'captate cystidia with resinous matter, spores 10-12x4.5μm' 
FF233 Pachykytospora papyracea (Schwein.) Ryvarden 
FF235 Dichostereum rhodosporum (Wakef.) Boidin & Lanq. 
FF237 Phlebia 'lime geen waxy' 
FF238 Rigidoporus undatus (Pers.) Donk 
FF240 Polypore 'tough white, slanted pores, thin dissepiments' 
FF244 unknown 
FF247 bright yellow sulphur mycelium 
FF248 orange buff mycelium 
FF249 Gloeocystidiellum sp., white 
FF250 Gloeocystidiellum sp., pink 
FF251 Phlebia 'greyish yellow with pink' 
FF252 Schizopora 'white odontoid, capitate cystidia' 
FF257 Skeletocutis vulgaris (Fr.) Niemelä & Y.C. Dai 
FF264 Hyphoderma cf. medioburiense (Burt) Donk, spores 14-16x4.5μm, cystidia 

septate  
FF283 Hyphodontia cf. barba-jovis (Bull.) J. Erikss. 
FF284 unknown with encrusted short cystidia 
FF286 Ceriporia purpurea (Fr.) Komarova 
Globulicium hiemale (Laurila) Hjortstam 
Gloeocystidiellum 'peach lumps on wood' 
Hymenochaete 'setae ca. 60μm' 
Hymenochaete 'setae ca. 90μm long' 
Hyphoderma albocremeum (Höhn. & Litsch.) J. Erikss. & Å. Strid 
Hyphoderma argillaceum (Bres.) Donk 
Hyphoderma assimile (H.S. Jacks. & Dearden) Donk 
Hyphoderma cf. pallidum (Bres.) Donk 
Hyphoderma praetermissum (P. Karst.) J. Erikss. & Å. Strid 
Hyphoderma sp. 
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Hyphodontia australis (Berk.) Hjortstam 
Hyphodontia 'capitate cystidia, odontioid' 
Hyphodontia cf. verecunda (G. Cunn.) Hjortstam & Ryvarden 
Hyphodontia 'constricted cystidia, spores 6x3μm' 
Hyphodontia 'crustosa group' 
Hyphodontia cunninghamii Gresl. & Rajchenb. 
Hypochniciellum sp. 
Hypochnicium cf. cystidiatum Boidin & Gilles 
Hypochnicium cf. karstenii (Bres.) Hallenb. 
Intextomyces sp. 
Membranomyces spurius (Bourdot) Jülich 
Mycoacia subceracea (Wakef.) G. Cunn. 
Peniophora incarnata (Pers.) P. Karst. 
Peniophorella praetermissa (P. Karst.) K.H. Larss. 
Phanerochaete filamentosa (Berk. & M.A. Curtis) Parmasto 
Phanerochaete sp. 
Phlebia rufa (Pers.) M.P. Christ. 
Phlebiella sp. 
Polypore 'white, encrusted hyphae' 
Resinicium luteum Jülich 
Resinicium sp. 
Schizopora radula (Pers.) Hallenb. 
Scytinostroma cf. ochroleucum (Bres. & Torrend) Donk 
Scytinostroma 'spores 10x5μm' 
Scytinostroma 'spores 12x6μm' 
Sistotrema octosporum (J. Schröt. ex Höhn. & Litsch.) Hallenb. 
Skeletocutis alutacea (J. Lowe) Jean Keller 
Skeletocutis nivea (Jungh.) Jean Keller 
Steccherinum ochraceum (Pers.) Gray 
Stereum illudens Berk. 
Stereum ostrea (Blume & T. Nees) Fr. 
Stereum rugosum Pers. 
Tomentella echinospora (Ellis) Bourdot & Galzin 
Trametes ochracea (Pers.) Gilb. & Ryvarden 
Trechispora farinacea (Pers.) Liberta 
Trechispora microspora (P. Karst.) Liberta 
Tubulicrinis cf. chaetophora (Höhn.) Donk 
Tubulicrinis cf. gracillimus (Ellis & Everh. ex D.P. Rogers & H.S. Jacks.) G. Cunn. 
Xenasma sp. 
Xylodon 'pruni group' 
Xylodon sp. 
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