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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 (CBS) 

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.  

 

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 



 Chapter 9 – Macrofungi and sustainable forestry 

 219

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. 

 

‘Aggregated retention’ 

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 
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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.  




