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Abstract

The macrofungi of two coupes at the Warra 
Long-Term Ecological Research Site were 
surveyed at approximately fortnightly 
intervals over a period of one year.  The aims 
were to document the mycota of a lowland 
wet eucalypt forest at Warra and its substrate 
associations at two separate stages in forest 
succession.  One coupe comprised mature wet 
eucalypt forest (at least 70 years since the last 
wildfire) while the other comprised young 
silvicultural regeneration following clear-
felling, burning and sowing two to three years 
previously.  A total of 307 species of macrofungi 
was recorded, with 248 species observed in the 
mature forest and 131 in the regeneration.  
Many species were recorded only once, and 
many more species may be present but would 
only be detected with increased survey effort.  
Seasonal effects were clearly observed in both 
coupes, with more species appearing in the 
autumn and winter months than in spring 
and summer.  The number of species that were 
observed exclusively in the mature forest (176) 
was three times the number that were observed 
exclusively in the regeneration (59).  Most 
species known to be mycorrhizal were confined 
to the mature forest, suggesting that such species 

may take many years to establish, or reach 
maturity, following major disturbance.  Both the 
regenerating coupe and the mature forest coupe 
contained many non-mycorrhizal fungi. Overall, 
most species were associated with either soil or 
wood, highlighting the importance of ensuring 
these substrates are managed appropriately.  
Only a small proportion of the observed species 
was found on litter, dung or moss.

Introduction

Fungi are an integral part of the forest 
ecosystem.  Robinson and Bougher (2003) 
believe fungi to be ‘arguably among the 
most important of forest organisms’ and 
deplore the fact that they ‘have long been 
overlooked in studies dealing with the 
impact of forest management on eucalypt 
forest ecosystems’.  As most Australian 
habitats have low nutrient status, 
mycorrhizal fungi are thought to be 
especially important.  Indeed, mycorrhizal 
activity may influence plant community 
structure and succession and may help 
protect host plants from invasion by soil-
borne pathogens (Pascoe and Shipton 1996).  
Mycorrhizal associations have been 
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described as the most prevalent and 
perhaps the most important symbiosis 
in the plant kingdom, the fungal partner 
supplying the host with nutrients, 
minerals, hormones and vitamins obtained 
from its mycelial network in the soil 
(Peterson and Farquhar 1994).  Because 
this hyphal network may be considered 
as an extension to the plant’s root system, 
plants forming mycorrhizal associations 
can explore and exploit greater quantities 
of soil than non-mycorrhizal plants 
(Brown and Ogle 1996).  Fungi also 
play an important role in releasing and 
recycling nutrients from dead organic 
matter in soil, litter, dung and wood 
(Bougher and Syme 1998), a process in 
which insects and other invertebrates may 
also play a significant part (Edmonds and 
Marra 1999; Yee et al. 2001).

This study was designed to establish a 
species list of macrofungi for lowland 
wet eucalypt forest at the Warra Long-
Term Ecological Research (LTER) Site, 
which could be used and built upon in 
future studies.  It also aimed to identify 
any differences between the mycota (fungal 
biota) of two adjacent coupes near opposite 
ends of the disturbance/succession 
spectrum that may be considered typical for 
these forests.  One consisted of unlogged, 
mature wet eucalypt forest.  This is itself a 
stage in the succession towards rainforest, 
but the term ‘mature’ is appropriate as the 
succession is often re-set by wildfire before 
rainforest becomes dominant (Hickey et al. 
1999).  The other coupe had also consisted 
of mature wet eucalypt forest but was 
clearfelled, burnt and sown (CBS) two 
to three years prior to this study.  Any 
differences in the mycota between these two 
coupes might be in terms of species richness, 
assemblage composition, or substrate 
associations.  For instance, the proportion 
of mycorrhizal species might be expected 
to differ if insufficient time had passed 
since clearfelling for the establishment of the 
vascular plant hosts of some species, or for 
the fungi themselves to become established 
or begin fruiting. 

Improved understanding of substrate 
preferences (e.g. wood, litter and soil) 
may have practical significance in forest 
management, since these substrates 
are greatly affected by harvesting and 
regeneration practices (Pennington et al. 2001; 
Slijepcevic 2001; Grove and Meggs 2003).  
The opportunity was also taken to examine 
seasonal differences, since their existence 
could have implications for the design of 
future research or monitoring studies.

Methods

Sites

The two coupes used for the present 
study were located at the Warra LTER 
Site in Tasmania’s southern forests, at 
an approximate latitude of 43º06’S and 
longitude of 146º42’E (see Figure 1).  
Coupe WR008J (hereafter generally 
referred to as ‘mature forest’) had no 
previous history of logging, and coupe 
WR008H (hereafter generally referred to as 
‘regeneration’) had been managed according 
to the standard silvicultural practice in 
lowland wet eucalypt forest of clearfell, burn 
and sow (CBS), albeit with the inclusion of a 
series of understorey islands (Hickey et al. 
2001).  This coupe was harvested on 
15 March 2001, burnt on 7 April 2001 and 
sown with eucalypt seed on 16 April 2001.  
The two coupes were separated from each 
other by a gravel road, and both occur 
within the silvicultural systems trial (Hickey 
et al. 2001) that is being conducted at Warra.

Both coupes were on a gentle to moderate 
south-facing slope, the rock type being 
talus of Jurassic dolerite overlying Permian 
sediments, with water drainage from north 
to south.  The vegetation of the lowland wet 
eucalypt forest at Warra has been interpreted 
in relation to fire history (Hickey et al. 1999), 
and Alcorn et al. (2001) have provided a 
more detailed fire history for the 
silvicultural systems trial area.  The 
vegetation of the trial area has also been 
described (Neyland 2001), but that article 
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did not detail the floristics on a coupe-by-
coupe basis.  The mature forest is wet 
sclerophyll in which the dominant eucalypt 
is Eucalyptus obliqua L’Hérit. with an 
understorey of the G-type (Gahnia-type), 
containing large amounts of Bauera rubioides 
Andrews, Gahnia grandis (Labill.) S.T.Blake 
and Melaleuca squarrosa Donn ex Smith, 
but lacking all rainforest elements such as 
Nothofagus cunninghamii (Hook.) Oerst.  This 
implies a fire interval of sufficient frequency 
to have excluded fire-sensitive rainforest 
species, while the multi-aged nature of the 
eucalypts and their maturity implies that 
the last wildfire was not stand-replacing and 
was about 70 years ago (Alcorn et al. 2001).  
Before CBS was applied, the regeneration 
also had a G-type understorey in the wet, 
poorly drained, lower half, but the upper 
half of the coupe contained an understorey 
typical of thamnic rainforest (i.e. T-type; 

see Neyland (2001) for a list of species 
characterising T- and G-type forests).  
This suggests that the upper half of the 
regeneration coupe may have had a 
different long-term fire interval, or may 
have been sufficiently close to unburnt 
rainforest to have allowed some colonisation 
of rainforest elements since the last wildfire 
(Hickey et al. 1994). 

The CBS silvicultural practice used in the 
regeneration produced a very different 
habitat from that of the mature forest.  As 
the regeneration was still in an early stage, 
it had almost no protective canopy except 
for a few scattered ‘islands’ consisting of 
unharvested straggly ‘legacy’ eucalypts 
(sensu Franklin et al. 1997) and understorey 
trees.  It was a very exposed site, subject to 
fluctuating and extreme temperatures and 
with little buffer against the effects of wind, 

Figure 1. The silvicultural systems trial area, showing coupes WR008J and WR008H (adapted from Neyland 2001). 
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sun or frost.  Heavy rains are frequent in 
this area, after which the run-off cascades 
down the slopes leaving pools of water 
and waterlogged ground on flatter terraces.  
There were substantial numbers of large, 
charred but incompletely burned logs and 
stumps.  The ground, in places, was covered 
with a layer of fragmented logging residue 
that had escaped burning.  There were very 
few intact small branchlets, twigs or bark 
as most debris of this nature was consumed 
by the regeneration burn (Slijepcevic 
2001) and the trees had not yet matured 
sufficiently to produce such litter.  Moss 
and liverwort beds were abundant but the 
humus layer was very shallow and dried 
out rapidly.  There were dense aggregations 
of regenerating eucalypt saplings about 
2 m in height on parts of the coupe, and 
many Pomaderris apetala Labill. and Acacia 
verticillata (L’Hérit.) Willd. seedlings.

In contrast, the mature forest had a closed 
canopy of mature eucalypts and large 
trees of Melaleuca squarrosa.  Small clearings 
were interspersed with scrubby thickets 
of an almost impenetrable understorey of 
Bauera rubioides and Gahnia grandis.  Sunlight 
filtered through the trees and there was little 
or no wind.  The forest floor contained a 
considerable amount of dead branch wood, 
bark and twiggy debris, and a deep, damp 
layer of humus, protected from the drying 
effects of wind and sun by the canopy.  The 
abundant large fallen logs had a covering of 
damp moss, and the crumbling wood lying 
on the forest floor was indicative of the 
ongoing process of decomposition.

Survey methods

Both coupes were surveyed 27 times 
between 12 June 2003 and 29 June 2004 at 
approximately fortnightly intervals.  In the 
mature forest, a walking track ran south 
from Manuka Road near the eastern end 
of the coupe for about 500 m, turned 
approximately west-north-west for 350–
400 m, then continued northwards for about 
400 m to rejoin Manuka Road near the 
western boundary of the coupe (see 

Figure 1)—about 1300 m in total length.  
This track was followed in a clockwise 
direction during all 27 visits to the coupe.  
Any macrofungal species that was seen was 
recorded, irrespective of its distance from 
the track.  Where it was possible to leave 
the track and sample surrounding areas, 
this was sometimes done, without adhering 
to any strict protocol.  The regeneration, 
having only had 26–38 months to grow since 
sowing, could be easily traversed.  Each 
traverse was for an approximately similar 
length to that of each visit to the mature 
forest.  A similar, although not identical, 
traverse was used at each visit, always 
encompassing both G- and T-type parts of 
the coupe.  For both coupes, all species of 
macrofungi found were recorded as formal 
names or as ‘tag’ names, similar to the 
approach employed by Robinson et al. 
(2004), along with a note of the substrate on 
which they appeared.  The substrates were 
categorised as soil, wood, litter (leaf or small 
twigs), moss and dung.  All collections were 
supported with descriptions, drawings and 
photographs outlining macroscopic and 
microscopic features.  Material was collected 
wherever possible and deposited in the 
Tasmanian Herbarium as voucher material 
for this study and as a reference collection 
for future studies.

Species names

The taxonomy of Tasmanian (and 
Australian) fungi is poorly documented, 
with the majority of species still to be 
validly named.  Names of species of the 
Basidiomycota that have been validly 
described were taken from May and Wood 
(1997), May et al. (2003) or the interactive, 
updated list of fungi on the website of 
the Royal Botanic Gardens Melbourne 
(www.rbg.vic.gov.au).  Although not 
formally named, a few additional taxa are 
included from the thesis of Chang (1992).  
There is, as yet, no Australian catalogue 
of Ascomycota, and the names used in 
this paper are based on those in current 
use by Australian authors or obtained 
from overseas sources.
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Previous papers reporting on censuses 
in Tasmania restricted coverage to taxa 
named to species level (Ratkowsky and 
Gates 2002; Gates and Ratkowsky 2004).  
However, because the present study is 
supported by voucher material deposited 
in the Tasmanian Herbarium, and because 
of the potential benefits of this material 
for long-term ecological research at Warra, 
species bearing tag names were included 
in the present study.  Some of these tag 
names reflect confidence of identification 
to the level of genus, while for others it 
has not been possible to identify beyond 
family.  The voucher material bears the 
same tag names, so that future taxonomists 
and ecologists will be able to relate the 
names in this paper to the voucher material.  
Because some of these tag names are long, 
they appear in full only in Appendix 1, 
but elsewhere in the text they are in an 
abbreviated form.

Statistical methods

Both coupes were sampled at each visit, 
enabling paired-sample statistical tests 
(t-test and the non-parametric equivalent, 
the Wilcoxon signed-rank test) to be 
employed to test the null hypothesis of no 
difference in species richness between the 
two coupes.  Contingency table analysis 
(PROC FREQ of SAS, SAS Institute, 
Version 8.2) was used to test for between-
coupe differences in (i) the proportion 
of species associated with particular 
substrates, and (ii) the proportion of 
species having different life modes.

Species richness was compared using the 
Mao-Tau estimator of expected richness, 
calculated using the program ESTIMATES 
(Colwell 2004), based on recently developed 
mathematical expressions designed 
specifically for sample-based rarefaction 
(i.e. interpolation between zero and the 
observed number of samples, Colwell et 
al. 2004).  For extrapolation beyond the 
observed sample set, Colwell et al. (2004) 
found that their likelihood-based estimator 
was not reliable for estimating the richness 

asymptote. Therefore, we estimated the total 
(i.e. potentially detectable) species richness 
by fitting a variety of parametric models 
containing an asymptote to the randomised 
species accumulation data (generated in 
ESTIMATES using 1000 randomisations 
of sample order) employing non-linear 
regression (PROC NLIN of SAS, SAS 
Institute, Version 8.2).  The best-fitting of 
these models was the extended Langmuir 
model (see Sibbesen 1981), given by 
Equation 1:

 R = A/(1+B S–C)   [Equation 1]

where 
 S = number of samples, 
 R = species richness, and 
 A, B and C are three parameters 

to be estimated.

Non-metric multidimensional scaling 
(NMS) was used to visualise multivariate 
patterns among samples, using the program 
PC-ORD (McCune and Mefford 1999).  The 
computation was run in ‘slow and thorough 
auto-pilot’ mode, using the recommended 
Sorensen (Bray-Curtis) distance measure.  
Essentially, this mode automatically 
selects the optimal (i.e. low-stress, highest 
dimension) solution based on comparing 
multiple real runs with multiple randomised 
runs.  Species occurring only once in the 
survey (114 species) were excluded from the 
data set to increase computational efficiency.

Multi-Response Permutation Procedure 
(MRPP), running in PC-ORD, was used 
to test for multivariate differences amongst 
pre-defined groups (in this case coupes).  
It is a non-parametric method based on a 
randomisation procedure.  In this study, the 
analysis was run on the same data sets used 
for NMS, using the recommended Euclidean 
distance measure and n/sum(n) group 
weighting (where n is the number of species 
in a particular group and sum(n) is the total 
number of species).

In these analyses, no distinction was made 
between validly named taxa and those with 
tag names.
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Results 

Species identification

Of the 307 species recorded during the 
survey, fewer than half (146 species) are 
known to have been formally described and 
therefore bear full species binomials.  The 
remainder bear tag names only.  All species 
found are listed in taxonomic order in 
Appendix 1, together with coupe, substrate 
and month(s) in which they were recorded.

Species richness and frequency distributions

Only one species was recorded on more 
than half of the total number of 54 occasions 
(there are two occasions for each of the 
27 visits) while nearly three-quarters of the 
species were recorded on 10% of occasions 
or fewer (Figure 2, Appendix 1).  Only 
three species were recorded on more than 
half of the visits to the mature forest, while 
only five species were recorded on more 
than half of the visits to the regeneration 
(Appendix 1).  Observed species richness 
was much higher in the mature forest 
(248 species) than in the regeneration 
(131 species), and the mature forest also 
produced three times more species that 
were not detected in the regeneration than 
vice versa (Table 1).  Since the 95% confidence 
limits on the species accumulation curves 
(Figure 3) do not come close to overlapping, 
the difference in species richness between 

the mature forest and the regeneration is 
likely to be real rather than an artefact of 
insufficient sampling effort.  The mean 
number of species observed per visit in the 
mature forest was 31.9, compared to 19.4 in 
the regeneration; this difference is significant 
when analysed by both parametric and 
non-parametric tests (paired sample t-test: 
t = 4.05, P = 0.0004; Wilcoxon signed-rank 
test: S = 118.5, P = 0.0001). 

The shape of the species accumulation 
curves (Figure 3) suggests that many 
further species may be present but remain 
undetected in each of the two coupes (and 
in both coupes combined).  Sampled species 
richness is only 58% of total species richness 
predicted by fitting the extended Langmuir 
model, a proportion that varies little by 
coupe (Table 2).  The model predicts that 
it would take 190 visits to ‘capture’ 90% of 
the estimated total species richness present 
in the regeneration coupe, 318 visits for the 
mature forest coupe, and 316 visits for the 
combined data from both coupes.

Assemblage composition

More than three-quarters of all species were 
exclusive to one or other coupe.  The 59 
species found exclusively in the regeneration 
include Bovista brunnea, Galerina nana, 
Gerronema sp. ‘pink-buff’, Gymnopus sp. 
‘dark brown …’, Podoscypha petalodes, 
Psilocybe sp. ‘dark brown …’, Pycnoporus 

Figure 2.  Frequency distribution of the 307 species of macrofungi recorded during the study, 
expressed as the percentage of species recorded within a given range (%) of occasions (each of 
the 27 visits gives rise to two possible occasions, one for each coupe).
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Table 1.  Numbers of macrofungal species observed, classified by substrate and by coupe.

 Number of   Number of   Number of   
   species exclusive   species exclusive species found in  Total number
Substrate to regeneration to mature forest both coupes  of species

Soil (S) 33 93 22 148
Wood (W) 20 65 41 126
Litter (L) 1 14 5 20
Other (dung, moss, 
 S and W, L and S) 5 4 4 13

Total 59 176 72 307

Table 2.  Macrofungal species richness in the two coupes.  Confidence intervals (C.I.) on the observed species 
richness values given the number of sampling occasions were calculated using the Mao-Tau estimator (Colwell 
2004).  Estimates of species richness and their standard errors (S.E.) were obtained by non-linear regression using 
the extended Langmuir model.

 Regeneration Mature forest Both coupes

Observed species richness ± 95% C.I. 131 ± 12 248 ± 17 307 ± 19
Observed species (%) 43 81 100
Estimated total species richness 
 (extended Langmuir model) ± S.E. 229 ± 5 395 ± 7 529 ± 15
Estimated total species richness actually observed (%) 57 63 58

Estimated number of visits required to sample  
 90% of estimated total species richness  190 318 316

Figure 3.  Species accumulation curves for macrofungi for the two surveyed coupes and for both coupes combined, 
based on the moment-based interpolation method of Colwell et al. (2004). Error bars show 95% confidence intervals. 
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coccineus, Schizophyllum commune, 
Scutellinia aff. margaritacea, Stereum sp. 
‘drab’ and Tremella mesenterica.  The 
176 species present exclusively in the 
mature forest include Ascocoryne sarcoides, 
Galerina sp. ‘small …’, Hydnum repandum, 
Hypoxylon spp., Marasmiellus affixus, 
Marasmius sp. ‘angina’, Mucronella pendula, 
Mycena austrororida, Mycena sp. ‘pink and 

yellow …’, Nitschkia sp., Phellodon 
niger, Rosellinia sp., Ryvardenia campyla, 
Stereum sp. ‘lilac’, Tubaria sp. ‘Bettye’s 
Brown’, Xylaria apiculata and many 
corticioid basidiomycetes.  A further 72 
species were common to both coupes. These 
differences in species composition were 
evident in an ordination (Figure 4), and 
were highly significant (MRPP: P < 0.001).

Figure 4.  Ordination plot (Axis 1 vs Axis 2) for a 3-dimensional NMS of fungal assemblage composition based 
on presence-absence data for the 193 species recorded more than once.  Stress = 15.2.  Each point represents 
assemblage composition on a single sampling occasion (i.e. a sample).  Samples in italics are from the regeneration 
(WR008H), while those in bold are from the mature forest (WR008J); the dotted line separates the two sets of 
assemblages.  Samples are also coded by season. The outlier at the top of the plot is from the visit on 27 November 
2003 in which only two species were detected in the regeneration; no species were found in the mature forest on 
the same date. The visit on 11 December 2003 was omitted from the ordination, as no species were found in either 
coupe on that date.
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Seasonality

There was a clear effect of season on 
observed species richness (Figure 5).  
While the seasonal patterns were fairly 
consistent between the two coupes, the 
greater relative species richness of the 
mature forest was particularly pronounced 
in late summer and early autumn samples, 
a period in which species richness in the 
regeneration remained low.  When samples 
were grouped by season, winter was the 
richest season for both coupes and for the 
combined data (Table 3), closely followed 
by autumn.  Spring and summer produced 
far fewer species, with some late spring 
or summer visits finding no species at 
all for one or both coupes.  Mean species 
richness per visit followed a similar pattern 
to total species richness when grouped by 
conventional season (Table 3).  Assemblage 
composition also varied by season in both 
coupes (Figure 4).  Seasonal differences in 
assemblage composition were more marked 
in the mature forest than in the regeneration.  
In the case of the mature forest, winter 

samples tend to occupy ordination space 
towards one end of Axis 1, while summer 
samples occupy space towards its other 
end.  Spring and autumn samples occupy 
the middle ground, but are largely separated 
along Axis 2.  In the case of the regeneration, 
the separation between winter and summer 
samples follows a similar pattern, but 
autumn and spring samples appear less 
consistently distinct from each other or 
from samples from the other seasons.

Substrate and main life mode

Nearly all species of fungi observed during 
the survey were associated with only one 
of the five main substrates, with only six 
species found on more than one substrate 
(Figure 6).  More species were found on 
soil (c. 48%) than on any other substrate, 
but the species that were found jointly in 
both coupes were mostly on wood (Table 1).  
Overall, species associated with either 
soil or wood totalled 88%, with only 12% 
of observed species associated with other 
substrates or combinations of substrates.

Figure 5.  Number of macrofungal species recorded in each of 27 visits for each coupe. 
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In macrofungi, there is a strong correlation 
between the main life mode (i.e. whether a 
species is ectomycorrhizal, saprotrophic or 
parasitic) and the substrate on which it is 
found. Ectomycorrhizal species are invariably 
found on soil, whereas saprotrophic and 
parasitic species are mostly on dead, dying 
and decaying wood or litter, more rarely 
on soil.  In this study, there were only 70 
ectomycorrhizal species found, compared 
to 232 decomposer species, excluding five 
species for which the life mode was uncertain 
(see Table 4).  When classified with respect to 
two factors, life mode and coupe, and using 
all of the species found in this study with the 
exception of the five species whose life mode 
is uncertain (Table 4), the 2 x 3 contingency 
table formed from the subtotals is highly 
significant (χ2 = 28.4, 2 df, P < 0.0001).  
The difference in proportions reflects the 
preponderance of the ectomycorrhizal 
species found exclusively in the mature 
forest (59 species), with only five species 
exclusive to the regeneration and six species 
jointly found in both coupes.  In contrast, 
only about half of the decomposer species 
were exclusive to the mature forest (112 out 
of 232), with an additional 28% found jointly 
in both coupes (Table 4).

Discussion

Species identification

The prevalence of so many undescribed 
species in the assemblages studied here is 
common in work of this nature.  Even in 
Switzerland, where the mycota is relatively 
well known, a 21-year survey in a forest 
plot concluded with 20% of the species 
not named to species level (Straatsma et al. 
2001).  Those authors likewise noted that 
the number of species would increase 
substantially if the study were to continue.  
In Tasmania, Packham et al. (2002) recorded 
242 macrofungal taxa in a study in the 
southern forests near Geeveston, of which 
45% could not be placed to described 
species.  A similar proportion of species 
remained unnamed in a Victorian study 
(McMullan-Fisher et al. 2002).  In a study 
of the Agaricales of Mount Wellington 
near Hobart, Ratkowsky and Gates (2002) 
(updated in Gates and Ratkowsky 2004) 
found 141 named species but estimated 
that there was at least an equal number 
of unnamed species.  These trends also 
apply to other cryptic taxonomic groups in 
Tasmania.  For instance, two-thirds of the 

Table 3.  Number of macrofungal species found in each coupe by season.    

 Spring Summer Autumn Winter
 (S,O,N) (D,J,F) (M,A,M) (J,J,A)

Regeneration: mean no. of species per visit 10.6 5.8 24.1 35.1
Mature forest: mean no. of species per visit 15.4 16.3 47.7 45.9
Regeneration: no. of species (% of total for coupe) 41 (31%) 21 (16%) 83 (63%) 95 (73%)
Mature forest: no. of species (% of total for coupe) 66 (27%) 71 (29%) 146 (59%) 151 (61%)
Combined coupes: no. of species (% of total) 92 (30%) 85 (27%) 191 (62%) 197 (64%)
  

Table 4.  Number of macrofungal species observed classified by substrate and by coupe.

 No. of species  No. of species  No. of species Total  
   exclusive to  exclusive  to found in both number
 regeneration mature forest coupes of species

Ectomycorrhizal species 5 59 6 70
Decomposer species 54 112 66 232
Species of uncertain life mode 0 5 0 5
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228 beetle species recorded over a year of 
study of Eucalyptus obliqua logs at Warra 
could not be placed in described species 
(Grove and Bashford 2003).  Apparent 
rarity of species is another consideration, 
as exemplified by Jarman and Kantvilas 
(2001), who found that many of the 134 
lichen species in their study at Warra 
were represented by very few individual 
records.  In the present study, we 
calculated that it would require a vast 
survey effort to sample even 90% of the 
species likely to be present in the study 
area.  It must be noted, however, that 
because environmental conditions 
(e.g. weather, succession, other stochastic 

influences) change from year to year and 
fungi would be expected to respond to 
these dynamics, the true number of species 
could differ greatly from the estimates 
obtained from this 13-month study.  
However, the existence of so many 
rarely observed and undescribed species 
demonstrates the desirability of further 
thorough studies of these taxa if we are 
to develop a fuller understanding of the 
lowland wet eucalypt forest ecosystem.  
It is also apparent from this study that 
surveys reporting only the occurrence of 
described species may neglect a sizeable 
proportion of the mycota (half or more 
for Tasmanian forest studies).

Figure 6.  Proportion of macrofungal species found in association 
with particular substrates or combinations of substrates.
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Species richness and assemblage composition

This study demonstrates that the two 
coupes not only differ greatly in their 
mycota, but also that the regeneration 
supports about half as many species as 
the mature forest (at least as demonstrated 
by fruiting bodies).  Since there was no 
replication in the study design, it is not 
possible to attribute these differences 
unambiguously to treatment effects.  
However, the findings are consistent with 
studies of other organisms in the southern 
forests of Tasmania (and elsewhere) which 
tend to demonstrate that young regenerating 
forest after logging supports a different set 
of species (though not always fewer species) 
compared to mature, unlogged forest 
(e.g. Packham et al. 2002 for macrofungi; 
Hingston 2000 for birds; Michaels and 
McQuillan 1995 for carabid beetles; Hickey 
1994 for vascular plants).  Similar degrees of 
difference can be evident when comparing 
mature forest with regenerating forest 
following wildfire alone (McMullan-Fisher 
et al. 2002; Robinson and Bougher 2003), 
but the differences between the effects 
on macrofungi of wildfire and the CBS 
silvicultural practice remain unclear.  It 
would be valuable to examine this further 
in future studies.

Some similarities and differences between 
the mycota of these two coupes can be 
directly related to the difference in habitat 
that now exists in the regeneration following 
the CBS treatment.  Of the species recorded 
exclusively in the regeneration, many are 
associated with burnt environments, while 
others are typical of disturbed conditions 
more generally, or are more often associated 
with dry, open woodlands.  In addition, 
many are opportunists that can colonise 
bare ground, sometimes in association 
with moss or algae.  Such species will 
presumably disappear later with canopy 
closure.  For instance, Cotylidia undulata, 
a species also found in the Northern 
Hemisphere, is usually found in association 
with moss, preferring dry soils and burnt 
areas (Breitenbach and Kränzlin 1986, 

p. 172).  Rickenella fibula is usually associated 
with moss in disturbed areas; Omphalina 
chromacea and O. umbellifera are associated 
symbiotically with algae forming lichen 
mats characteristic of dry, burnt soils.  
Podoscypha petalodes, Pycnoporus coccineus, 
Schizophyllum commune, Stereum sp. ‘drab’ 
and Tremella mesenterica are found in dry, 
open sunny woodlands elsewhere in 
Tasmania (Ratkowsky and Gates 2005).  
Pycnoporus coccineus is also often closely 
associated with clearfells (Breitenbach 
and Kränzlin 1986, p. 284) and newly burnt 
sites (McMullan-Fisher et al. 2002).  Galerina 
nana and Bovista brunnea are typical of 
disturbed areas such as roadside verges, 
lawns and pastures.  Galerina nana has also 
been previously reported from burnt sites 
in Australia (Grgurinovic and May 1988).  
Scutellinia aff. margaritacea was always 
found in areas of waterlogged terrain 
(a feature of the regeneration), and Psilocybe 
sp. ‘dark brown …’ was always associated 
with moss beds.  The very common 
Gymnopus sp. ‘dark brown …’ could be a 
species characteristic of disturbed, burnt 
areas, as it has not yet been recorded by 
the authors in undisturbed forests. 

Genera present in the mature forest that 
were either missing from the regeneration, 
or found infrequently there, tended to be 
those that colonise small twigs, branchlets 
or bark.  The species Tubaria sp. ‘Bettye’s 
Brown’, in the experience of the authors in 
six years of surveying forests (Ratkowsky 
and Gates 2005), has never been found 
on twigs greater than about 15 mm in 
diameter.  Species such as Marasmiellus 
affixus, Crepidotus variabilis, Mycena 
austrororida, Mycena sp. ‘pink and yellow 
…’ and Marasmius sp. ‘angina’ also inhabit 
very small diameter wood.  Many corticioid 
basidiomycetes, as well as the ascomycetes 
of the genera Nitschkia, Rosellinia, Hypoxylon 
and Xylaria, are wood-decaying fungi found 
only on dead wood.  It appears that the 
condition of the wood in the regeneration 
makes it unsuitable as a substrate for 
these species, perhaps because of burning 
or perhaps because of exposure.  These 



139Tasforests Vol. 16 December 2005

species will presumably not recolonise 
the regeneration until it matures enough to 
produce fresh dead wood or until conditions 
are less exposed.  Further species exclusive 
to, and often recorded in, the mature forest 
include Ascocoryne sarcoides, Hydnum 
repandum, Mucronella pendula, Phellodon niger, 
Ryvardenia campyla and Stereum sp. ‘lilac’.  
These were always found in consistent 
locations within the mature forest, indicating 
the longevity of their fruit bodies or the 
potential of their mycelia to produce fresh 
sporophores recurrently.  A further species, 
Galerina sp. ‘small …’, was prolific in the 
deep litter on the floor of the mature forest 
over many visits.

Seasonality

The production of macrofungi can be greatly 
affected by weather and season.  Several 
substantial rainfall episodes occurred in 
the summer of 2003/2004, resulting in high 
species numbers in the mature forest during 
the visit on 3 February 2004 (see Figure 5).  
Long species lists were also recorded by the 
authors that summer from the wet forests 
near Duckhole Lake and Kermandie Falls, 
sites also located in the southern forests.  
It would appear that closed forests like the 
examples above are able to retain moisture 
in wood, litter, and moss beds, and resist 
the drying effects of a long, hot summer 
day.  This would not be the case on the 
exposed regeneration, which would be 
prone to higher temperatures and greater 
desiccation.  Rain in these summer months 
tends to produce early season fungi such as 
Amanita spp. and boletes (see Appendix 1).  
A further short-term effect of weather is 
evident in Figure 5 for 30 October 2003.  
On that visit, the regeneration showed an 
unusual increase in the number of species 
over the mature forest.  In the days prior 
to this date, heavy rain fell in the area, 
resulting in an emergence of fruiting 
bodies.  A warm, dry spell followed and, 
at the next visit a fortnight later, most of 
these fungi had disappeared.  This ‘flush’ 
of fungi after rain is an occurrence observed 
by the authors to be more characteristic of 

dry, open woodland rather than wet forest, 
and this is reflected by the increased species 
numbers obtained in that particular visit 
to the regeneration. 

It is not altogether clear why seasonal 
differences in assemblage composition 
were more evident in the mature forest 
(where the four seasons are relatively well 
separated) than in the regeneration (where 
spring and autumn samples were rather 
similar).  It may simply reflect a larger 
and more heterogeneous species pool in the 
mature forest, or it may reflect differences in 
the environmental responses of the species 
present.  Further studies aimed at elucidating 
patterns of species richness for fungi would 
have to take into account the great seasonal 
differences in abundance and assemblage 
composition noted in the present study, 
a feature also reported in other studies 
(e.g. Burns and Conran 1997 in South 
Australia).  Autumn/winter surveys would 
sample the highest proportion of species 
likely to be present.  However, they would 
run the risk of missing other species more 
typical of spring or summer, although in 
the present study very few species were 
found to be characteristic of these seasons.

Substrate

The very low species numbers for the 
litter-degrading genera Mycena and 
Marasmius in the regeneration reflected 
the lack of leaf litter and humus layer.  
When species from these genera were 
recorded, they were always from areas of 
denser eucalypt regeneration where some 
leaf litter was starting to form.  However, 
the large amount of organic debris in the 
regeneration supported such species as 
Pluteus atromarginatus, Stropharia formosa, 
Hohenbuehelia sp. and Gymnopilus allantopus.  
These saprotrophic species were also 
found emerging from charred logs, as were 
Galerina patagonica, Pholiota multicingulata, 
Byssomerulius corium, Polyporus melanopus, 
Psilocybe brunneoalbescens, Hypholoma 
fasciculare, Mycena kurramulla and Panellus 
stipticus.  These species were common 
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to both coupes, which suggests that the 
burning process in the regeneration did 
not completely kill the fungal mycelium 
present in the wood.  Furthermore, the fact 
that these logs are capable of supporting 
these fungal fruiting bodies implies that 
there must still be a substantial amount 
of available nutrients left in the wood in 
a form suitable for use by these fungi. 

The study demonstrates that most fungi 
show preferences for one or other of the 
major substrates, soil and wood, present 
in wet eucalypt forest.  The large number of 
species recorded on wood demonstrates the 
importance of this substrate for biodiversity.  
It supports the idea that its maintenance is a 
key issue requiring consideration, alongside 
discussions about loss of forest carbon 
(Slijepcevic 2001) and alongside arguments 
for greater utilisation of harvesting ‘residue’ 
(Grove and Meggs 2003; Yee et al. 2001).

Main life mode

Perhaps the most striking and important 
difference between the fungal compositions 
of the two coupes was the scarcity of large 
ectomycorrhizal species in the regeneration 
compared with the mature forest (Table 4).  
Mycorrhizal fungi play a very important role 
in Australian eucalypt forests, producing 
a wide variety of associations (e.g. Ashton 
1976; McMullan-Fisher et al. 2002).  In this 
study, 84% of the mycorrhizal species listed 
in Table 4 were found exclusively in the 
mature forest.  Nevertheless, the presence of 
Cortinarius, Hebeloma and Laccaria species in 
the regeneration confirms the development 
of ectomycorrhizal species assemblages in 
this regenerating forest.  Based upon work 
carried out in regenerating eucalypt forest in 
Victoria (McMullan-Fisher et al. 2002), it may 
take seven years before significant numbers 
of fruiting bodies of most ectomycorrhizal 
species appear in the regeneration.

Despite the fact that there were more 
decomposer species than mycorrhizal 
species in the regeneration, there was still 
a relative dearth of these species in this 

coupe compared to the mature forest.  In the 
regeneration, there was a noticeable lack of 
saprotrophic Hygrocybe species, with only 
one species seen and that was recorded 
on only one occasion.  Of the 14 Entoloma 
species, also saprotrophic, two were 
found in both the regeneration and the 
mature forest, two were exclusive to the 
regeneration and ten were exclusive to the 
mature forest.  The low numbers of species 
of these two genera further reflect the lack 
of litter in the regeneration coupe. 

Some additional observations

A good understanding of the status and 
distribution of Tasmania’s macrofungi has 
been developed over the past several years 
(Ratkowsky and Gates 2002; Gates and 
Ratkowsky 2004; Ratkowsky and Gates 
2005), as a result of which it is possible to 
comment on a number of species of interest 
recorded in this study.  Clitopilus prunulus 
was found in the mature forest, and has been 
found by these authors only nine other times 
at three different locations in Tasmania, all 
at sites within the Arve and Huon River 
valleys (i.e. within a few kilometres of 
Warra).  Auriscalpium sp. ‘warrensis’ has 
only ever been found at Warra; Cantharellus 
sp. ‘brown’ has only been found twice before 
(at Duckhole Lake and Adamsons Peak 
tracks, both also in the southern forests), 
and Campanella olivaceonigra has been 
recorded only five other times in Tasmania.  
In the regeneration, the species Clitocybe sp. 
‘ochraceous’, Gymnopus sp. ‘dark brown …’ 
and Multiclavula cf. mucida are new to the 
authors.  Two additional species recorded 
in the regeneration, Mycena sp. ‘M91 …’ 
and Peziza repanda, were also found only 
recently by the authors in an area of native 
forest at the start of the old Cape Pillar 
track (Tasman Peninsula, south-eastern 
Tasmania), three months after it was burnt 
in a wildfire in February 2004.  Trametes 
versicolor, a widespread species of dead 
wood, was found only in the regeneration, 
which can be considered anomalous as one 
would expect it also in the mature forest, 
given its preferred microhabitat.
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Conclusions

This study is the first to document the 
rich mycota of contrasting coupes in the 
Tasmanian lowland wet eucalypt forests 
at Warra.  Besides revealing the existence 
of large numbers of species, it is clear 
from the study that many more species 
await recording.  The continuing upwards 
trajectory of the species accumulation curves 
(Figure 3) and the estimates of species 
richness (Table 2) both suggest the likely 
existence of a much higher species richness 
than the 307 species actually observed.  

The study has demonstrated the effort 
required to develop an understanding 
of these forests given the infrequency 
with which many species are observed, 
and the taxonomic impediments.  The 
benefits of having a long-term ecological 
research site in which to conduct such a 
study are clear.  The pivotal importance for 
macrofungi of two key substrates, soil and 
wood, has also been shown.  Sustaining 
these substrates in a suitable condition for 
fungal colonisation should be considered 
an important component of sustainable 
forest management in these forests. 

Soil-based fungi are known to undergo a 
pronounced succession in eucalypt forests 
after a hot fire.  The earliest fungi colonising 
after fire are predominantly ascomycetes, 
but in addition to saprotrophic, disk-
forming or cup-shaped ascomycetes, 
ectomycorrhizal ascomycetes and 
some basidiomycetes begin to appear 
in the first or second year after sowing 
(Warcup 1990, 1991; McMullan-Fisher 
et al. 2002; Robinson and Bougher 2003).  
As this survey began 26 months after the 
regeneration burn, many of these early 
colonisers would not have been observed.  
It would be informative to survey the 
mycota associated with the earliest stages 
of succession in the Warra area when a 
suitable coupe arises.
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Appendix 1.  Fungal species included in this paper (Orders and Families follow Kirk et al. 2001).
(Frequency = the number of visits in which the species was observed in that coupe; 8J = mature forest coupe; 
8H = regeneration coupe; Sub = substrate, i.e. W = wood, S = soil, L = litter, D = dung, M = moss, SW = soil 
and wood, LS = litter and soil; Lf = life mode, i.e. D = decomposer (saprotrophic or parasitic), M = mycorrhizal. 
A question mark indicates an uncertain life mode.  Month: JFMAMJJASOND = January, February, March, April, 
May, June, July, August, September, October, November, December, respectively.  Entries indicate the number of 
visits in the month in which the species was recorded. A species recorded in both coupes during the same visit is 
counted as two observations.)
 
 Frequency  Month

 8J 8H Sub Lf JFMAMJJASOND

ASCOMYCOTA

Ascomycetes  incertae sedis

Ascomycete sp. ‘dark grey with white tomentum, on Banksia cone’ 1 0 W D --------1---
Ascomycete sp. ‘greenish black disc’ 1 0 W D ------1-----
Ascomycete sp. ‘greenish grey disc with blackish undersurface’ 1 0 W D -----1------
Ascomycete sp. ‘peach lumps on wood’ 1 0 W D 1-----------
Ascomycete sp. ‘small black cushions’ 0 1 W D ------1-----
Ascomycete sp. ‘stalked, brown-caramel disc, on eucalypt leaf’ 0 1 L D 1-----------
Ascomycete sp. ‘stalked, tan cushion on wood’ 1 0 W D --------1---
Ascomycete sp. ‘white disc bruising orange’ 1 1 W D -------2----
Ascomycete sp. ‘white disc on soil’ 0 1 S D --------1---
Ascomycete sp. ‘yellowy grey disc’ 2 0 W D --------11--

Familiae incertae sedis

ORBILIACEAE
Orbilia aff. xanthostigma Fr.: Fr., ‘a flat, gelatinous, orange disc’ 1 0 W D ----------1-

HELOTIALES

DERMATEACEAE
Mollisia sp.  4 0 W D ------1111--

HELOTIACEAE
Ascocoryne sarcoides (Jacq.) J.W.Groves & D.E.Wilson 13 0 W D ----232222--
Bisporella citrina (Batsch ex Fr.) Korf & S.E.Carp. 7 1 W D --1--112111-
Bisporella sulphurina (Quél.) S.E.Carp. 1 0 W D --------1---
Bisporella sp. ‘green/yellow’ 4 1 W D --21-1-1----
Chlorociboria aeruginascens (Nyl.) Kanouse 1 0 W D -----1------
Discinella terrestris (Berk. & Broome) R.W.G.Dennis 17 2 S D -1321124131-

LEOTIACEAE
Leotia lubrica (Scop.) Pers. 1 0 S D ----1-------

SCLEROTINIACEAE
Torrendiella eucalypti (Berk.) Spooner 1 0 L D ---------1--

VIBRISSEACEAE
Vibrissea dura G.Beaton & G.Weste 2 0 W D -----1--1---

HYPOCREALES

HYPOCREACEAE
Hypocrea sulphurea (Schwein.) Sacc. 1 0 W D -------1----
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NECTRIACEAE
Nectria cinnabarina (Tode) Fr. 4 0 W D --------22--

PEZIZALES

PEZIZACEAE
Peziza repanda M.A.Rifai 0 3 W D -----1-2----
Peziza sp. ‘vinaceous brown, in gravel’ 0 1 S D -----1------

PYRONEMATACEAE
Aleuria aurantia (Fr.) Fuckel 0 5 S D ----121-1---
Cheilymenia coprinaria (Cooke) Boud. 0 2 D D ------1-1---
Nothojafnea cryptotricha M.A.Rifai 0 1 S D ---------1--
Scutellinia aff. margaritacea (Berk. ex Cooke) O.Kuntze 0 13 SW D --111211222-

RHYTISMATALES

RHYTISMATACEAE
Therrya eucalypti Z.Q.Yuan & C.Mohammed 1 0 W D -----1------

SORDARIALES

NITSCHKIACEAE
Nitschkia sp. ‘black poppy seeds’ 1 0 W D ----------1-

XYLARIALES

XYLARIACEAE
Hypoxylon bovei var. microsporum J.H.Mill. 2 0 W D --------1--1
Hypoxylon aff. placentiforme Berk. & M.A.Curtis 1 0 W D ----------1-
Rosellinia sp. ‘black, individually placed, no ostiolar disc’ 2 0 W D -11---------
Xylaria apiculata Cooke 1 0 W D --------1---

BASIDIOMYCOTA

Basidiomycetes incertae sedis
Basidiomycete sp. ‘resupinate, white polypore’ 1 0 W D --------1---

AGARICALES

AGARICACEAE
Agaricus sp. ‘pink-yellow with almond essence (cyanide) odour’ 1 5 S D 1--2111-----
Agaricus sp. ‘reddish brown, squamulose’ 0 1 S D -------1----
Lepiota sp. ‘grey-lilac scales’ 1 1 S D -----2------
Melanophyllum haematospermum (Bull.: Fr.) Kreisel 2 2 S D -----31-----

BOLBITIACEAE
Hebeloma sp. ‘medium brown’ 0 2 S M ---11-------

CLAVARIACEAE
Clavaria amoena Zoll. & Moritzi 0 1 S D ---1--------
Clavaria sp. ‘white, branched’ 0 1 S D ----1-------
Multiclavula cf. mucida (Pers.: Fr.) R.H.Petersen 1 5 W D ----11112---
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COPRINACEAE
Coprinus aff. cinereus (Schaeff.: Fr.) Gray 0 1 S D ---------1--
Coprinus sp. ‘grey with orange centre’ 0 1 S D ------1-----
Coprinus sp. ‘on dung’ 1 0 D D -1----------
Coprinus sp. 0 2 S D --11--------
Psathyrella asperospora (Cleland) Guzmán, Bandala & Montoya 0 2 S D ----2-------
Psathyrella echinata (Cleland) Grgur. 2 9 W D ---123221---
Psathyrella sp. ‘conical with appendiculate margin’ 0 5 S D ----1--211--
Psathyrella sp. ‘waxy, Venetian red’ 1 0 S D -------1----

CORTINARIACEAE
Cortinarius abnormis Watling & T.W.May 1 0 S M --1---------
Cortinarius australiensis (Cleland & Cheel) E.Horak 1 0 S M -----------1
Cortinarius rotundisporus Cleland & Cheel, species group 2 0 S M ---1-----1--
Cortinarius sp. ‘C23, terracotta, umbonate, with 
 white, fimbriate gills’ 2 0 S M ------11----
Cortinarius sp. ‘C24, pileus sandy blonde becoming rusty brown’ 2 0 S M ------11----
Cortinarius sp. ‘C29, buttery ochre, viscid’ 1 0 S M -1----------
Cortinarius sp. ‘C31, squamulose, tawny brown, lubricous’ 1 0 S M -1----------
Cortinarius sp. ‘fuscoumbonatus’ 5 0 S M --31-1------
Cortinarius sp. ‘glabrous, orange-red cap, white stipe’ 1 0 S M -----1------
Cortinarius sp. ‘green gills’ 1 0 S M ----1-------
Cortinarius sp. ‘lilac & cream’ 2 0 S M -1---1------
Cortinarius sp. ‘lilac Myxacium’ 1 0 S M --1---------
Cortinarius sp. ‘lilac’ (species group) 6 2 S M -131-21-----
Cortinarius sp. ‘Phlegmacium, biscuit brown, white stipe’ 2 0 S M -----11-----
Cortinarius sp. ‘pileus biscuit-coloured’ 2 0 S M --2---------
Cortinarius sp. ‘reddish purple’ 1 1 S M --1-1-------
Cortinarius sp. ‘rozites’ 3 0 S M ----21------
Cortinarius sp. ‘Venetian red’ 1 0 S M ------1-----
Crepidotus stromaticus (Cooke & Massee) Sacc. 3 0 W D -----12-----
Crepidotus variabilis (Pers.: Fr.) P.Kumm. 9 3 W D --122322----
Crepidotus sp. ‘orange’ 1 0 W D -----1------
Dermocybe austroveneta (Cleland) M.M.Moser & E.Horak 1 0 S M ------1-----
Dermocybe kula Grgur. 7 0 S M ----132--1--
Dermocybe sp. ‘brown’ 0 1 S M -----1------
Dermocybe sp. ‘C25, small, tawny to rusty brown’ 1 0 S M ------1-----
Dermocybe sp. ‘olivaceous’ 1 0 S M -----1------
Dermocybe sp. ‘reddish brown’ 1 0 S M -----1------
Dermocybe sp. ‘yellowy brown’ 1 2 S M ---21-------
Galerina hypnorum (Schrank: Fr.) Kühner, species group 5 0 M D -1---1111---
Galerina nana (Petri) Kühner 0 12 S D ----2222211-
Galerina patagonica Singer 6 4 W D ---1-52--2--
Galerina sp. ‘in moss, iodine odour and calyptrate spores’ 2 0 M D -----11-----
Galerina sp. ‘pimples’ (pileipellis bumpy) 2 0 S D -----2------
Galerina sp. ‘small, umbonate with 
 sphaeropedunculate cheilocystidia’ 8 0 S D --1-1122-1--
Gymnopilus allantopus (Berk.) Pegler 9 9 W D -1234521----
Gymnopilus junonius (Fr.: Fr.) P.D.Orton 0 1 W D ---1--------
Gymnopilus sp. ‘large’ 3 1 W D ---1-11--1--
Gymnopilus sp. ‘small, with capitate cheilocystidia’ 3 7 W D ---2-332----
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Inocybe cystidiocatenata Grgur. 1 0 S M -----1------
Inocybe sp. ‘blonde’ 1 0 S M -----1------
Inocybe sp. ‘pileus raw umber brown, 
 cheilocystidia irregularly clavate’ 1 0 S M -1----------
Phaeocollybia tasmanica B.J.Rees & A.E.Wood 4 0 S D/M? -12---1-----
Simocybe phlebophora E.Horak 0 1 S D -----1------
Tubaria rufofulva (Cleland) D.A.Reid & E.Horak 8 1 W D --21131--1--
Tubaria sp. ‘Bettye’s Brown’ 1 0 W D --1---------

ENTOLOMATACEAE
Clitopilus prunulus (Scop.) Fr. 1 0 S M? ---1--------
Entoloma aff. cucurbita E.Horak 3 0 S D ----21------
Entoloma nitidum Quél. 1 0 S D --1---------
Entoloma readiae G.Stev. 3 2 S D ----22--1---
Entoloma rodwayi (Massee) E.Horak 4 0 S D 111---1-----
Entoloma sericellum (Fr.: Fr.) P.Kumm. 0 1 S D ---1--------
Entoloma viridomarginatum (Cleland) E.Horak 1 0 S D ----1-------
Entoloma sp. ‘austroprunicolor’ 4 1 S D -311--------
Entoloma sp. ‘blue-black’ 2 0 S D -1---1------
Entoloma sp. ‘cystidiosum’ 2 0 S D ----11------
Entoloma sp. ‘fine, scaly greyish with blue-purple stipe’ 3 0 S D --11-1------
Entoloma sp. ‘goldy stalk’ 1 0 S D --1---------
Entoloma sp. ‘Marriotts Marvel’ 0 5 S D ---22-1-----
Entoloma sp. ‘sassafrasi’ 1 0 S D ---1--------
Entoloma sp. ‘thick, decurrent gills’ 2 0 S D ---11-------

HYDNANGIACEAE
Laccaria cf. lateritia Malençon 8 4 S M ---2141121--
Laccaria sp. ‘estriate, ochraceous-pink, lamellae adnate’ 0 11 S M --22111112--

LYCOPERDACEAE
Bovista brunnea Berk., species group 0 19 S D 21322122121-
Lycoperdon pyriforme Schaeff.: Pers. 0 1 W D -----1------

MARASMIACEAE
Armillaria hinnulea Kile & Watling 0 1 W D ------1-----
Armillaria novaezelandiae (G.Stev.) Herink 8 3 W D -12314------
Campanella olivaceonigra (E.Horak) T.W.May & A.E.Wood 1 0 L D 1-----------
Flammulina velutipes (Curtis: Fr.) Singer 1 0 W D ----1-------
Gerronema sp. ‘pink-buff’ 0 9 S D ---2132--1--
Marasmiellus affixus (Berk.) Singer 11 0 W D --21212-21--
Marasmiellus sp. ‘earth odour’ 6 3 S D -233---1----
Marasmiellus sp. ‘garlic odour’ 0 1 S D ---1--------
Marasmius crinisequi F.Muell. 3 2 L D -1-21-1-----
Marasmius sp. ‘angina’ 5 0 L D -1-211------
Marasmius sp. ‘close gills, dark centre’ 1 0 L D --------1---
Marasmius sp. ‘orangy cap, horsehair stipe, no odour’ 1 0 L D ------1-----
Marasmius sp. ‘pileus pinkish brown, horsehair stipe, close gills’ 8 0 L D 1111-211----
Rhodocollybia butyracea (Bull.: Fr.) Lennox 7 6 S D -1-13431----

PLEUROTACEAE
Hohenbuehelia sp. ‘yellowy tan’ 4 9 W D ---34312----
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PLUTEACEAE
Amanita effusa (Kalchbr.) D.A.Reid 1 0 S M ------1-----
Amanita ochrophylla (Cooke & Massee) Cleland 6 0 S M -231--------
Amanita sp. ‘A75, white, glabrous, very viscid pileus’ 1 0 S M 1-----------
Amanita sp. ‘A76, small, glabrous, bronze-brown pileus, 
 white stipe’ 2 0 S M 11----------
Amanita sp. ‘A77, dark bronze-brown cap, dark UV remnants’ 1 0 S M 1-----------
Amanita sp. ‘A99, all white, soft, suede-like, no annulus’ 3 0 S M -12---------
Amanita sp. ‘A100, grey-brown with yellow UV remnants’ 3 0 S M -12---------
Limacella sp. ‘Fiona’s mystery’ 4 0 S M --31--------
Pluteus atromarginatus (Konrad) Kühner 7 16 W D -2433432-2--
Pluteus cervinus (Schaeff.) P.Kumm. 1 1 W D --1-1-------
Pluteus sp. ‘no margin’ 2 0 W D 1--1--------

SCHIZOPHYLLACEAE
Schizophyllum commune Fr.: Fr. 0 7 W D 1--11-1111--

STROPHARIACEAE
Hypholoma brunneum (Massee) D.A.Reid 12 6 W D 2-113323-3--
Hypholoma fasciculare (Huds.: Fr.) P.Kumm. 7 8 W D -11-241222--
Hypholoma sublateritium (Fr.) Quél. 0 1 W D ----1-------
Melanotus hepatochrous (Berk.) Singer 4 11 W D 21-21412-2--
Pholiota multicingulata E.Horak 1 8 W D ---232-1-1--
Pholiota squarrosipes Cleland 4 5 S D -1-133---1--
Pholiota viscofumosa Y.S.Chang ined. 1 0 S D -----1------
Psilocybe brunneoalbescens Y.S.Chang ined. 8 5 W D ---125311---
Psilocybe subaeruginosa Cleland 0 1 S D ----1-------
Psilocybe sp. ‘dark brown, pellucid, in moss’ 0 15 M D 111222-222--
Psilocybe sp. ‘on dung’ 0 3 D D ---1-11-----
Stropharia aff. semiglobata (Batsch: Fr.) Quél. 1 3 D D ----22------
Stropharia formosa Y.S.Chang ined. 9 6 S D 114421---2--

TRICHOLOMATACEAE
Cheimonophyllum candidissimum (Berk. & M.A.Curtis) Singer 3 0 W D ----11--1---
Clitocybe semiocculta Cleland 9 2 W D ---12212-3--
Clitocybe sp. ‘grey-brown’ 2 2 S D -----21---1-
Clitocybe sp. ‘ochraceous’ 0 1 S D -1----------
Clitocybula sp. ‘Maria on wood’ 2 0 W D -11---------
Clitocybula sp. ‘Notley Gorge yellow gill’ 4 0 W D -211--------
Collybia eucalyptorum Cleland 10 3 SW D 1122-5-11---
Collybia sp. ‘dry red’ 4 0 S D ------1111--
Collybia sp. ‘maroon on wood’ 3 0 W D ----1--1-1--
Gymnopus sp. ‘brown frilly’ 4 4 S D -221-111----
Gymnopus sp. ‘dark brown, hygrophanous’ 0 11 W D 1111221--1-1
Gymnopus sp. ‘pale, concolorous brown-pink’ 2 1 S D ---3--------
Gymnopus sp. ‘with very long, filiform cheilocystidia’ 2 0 W D --1-----1---
Hemimycena lactea (Pers.: Fr.) Singer 4 1 S D ---131------
Hydropus sp. 4 0 W D ---211------
Hygrocybe firma (Berk. & Broome) Singer 3 0 S D -21---------
Hygrocybe graminicolor (E.Horak) T.W.May & A.E.Wood 6 0 S D --1--22-1---
Hygrocybe lewellinae (Kalchbr.) A.M.Young 2 0 S D --1--1------
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PLUTEACEAE
Amanita effusa (Kalchbr.) D.A.Reid 1 0 S M ------1-----
Amanita ochrophylla (Cooke & Massee) Cleland 6 0 S M -231--------
Amanita sp. ‘A75, white, glabrous, very viscid pileus’ 1 0 S M 1-----------
Amanita sp. ‘A76, small, glabrous, bronze-brown pileus, 
 white stipe’ 2 0 S M 11----------
Amanita sp. ‘A77, dark bronze-brown cap, dark UV remnants’ 1 0 S M 1-----------
Amanita sp. ‘A99, all white, soft, suede-like, no annulus’ 3 0 S M -12---------
Amanita sp. ‘A100, grey-brown with yellow UV remnants’ 3 0 S M -12---------
Limacella sp. ‘Fiona’s mystery’ 4 0 S M --31--------
Pluteus atromarginatus (Konrad) Kühner 7 16 W D -2433432-2--
Pluteus cervinus (Schaeff.) P.Kumm. 1 1 W D --1-1-------
Pluteus sp. ‘no margin’ 2 0 W D 1--1--------

SCHIZOPHYLLACEAE
Schizophyllum commune Fr.: Fr. 0 7 W D 1--11-1111--

STROPHARIACEAE
Hypholoma brunneum (Massee) D.A.Reid 12 6 W D 2-113323-3--
Hypholoma fasciculare (Huds.: Fr.) P.Kumm. 7 8 W D -11-241222--
Hypholoma sublateritium (Fr.) Quél. 0 1 W D ----1-------
Melanotus hepatochrous (Berk.) Singer 4 11 W D 21-21412-2--
Pholiota multicingulata E.Horak 1 8 W D ---232-1-1--
Pholiota squarrosipes Cleland 4 5 S D -1-133---1--
Pholiota viscofumosa Y.S.Chang ined. 1 0 S D -----1------
Psilocybe brunneoalbescens Y.S.Chang ined. 8 5 W D ---125311---
Psilocybe subaeruginosa Cleland 0 1 S D ----1-------
Psilocybe sp. ‘dark brown, pellucid, in moss’ 0 15 M D 111222-222--
Psilocybe sp. ‘on dung’ 0 3 D D ---1-11-----
Stropharia aff. semiglobata (Batsch: Fr.) Quél. 1 3 D D ----22------
Stropharia formosa Y.S.Chang ined. 9 6 S D 114421---2--

TRICHOLOMATACEAE
Cheimonophyllum candidissimum (Berk. & M.A.Curtis) Singer 3 0 W D ----11--1---
Clitocybe semiocculta Cleland 9 2 W D ---12212-3--
Clitocybe sp. ‘grey-brown’ 2 2 S D -----21---1-
Clitocybe sp. ‘ochraceous’ 0 1 S D -1----------
Clitocybula sp. ‘Maria on wood’ 2 0 W D -11---------
Clitocybula sp. ‘Notley Gorge yellow gill’ 4 0 W D -211--------
Collybia eucalyptorum Cleland 10 3 SW D 1122-5-11---
Collybia sp. ‘dry red’ 4 0 S D ------1111--
Collybia sp. ‘maroon on wood’ 3 0 W D ----1--1-1--
Gymnopus sp. ‘brown frilly’ 4 4 S D -221-111----
Gymnopus sp. ‘dark brown, hygrophanous’ 0 11 W D 1111221--1-1
Gymnopus sp. ‘pale, concolorous brown-pink’ 2 1 S D ---3--------
Gymnopus sp. ‘with very long, filiform cheilocystidia’ 2 0 W D --1-----1---
Hemimycena lactea (Pers.: Fr.) Singer 4 1 S D ---131------
Hydropus sp. 4 0 W D ---211------
Hygrocybe firma (Berk. & Broome) Singer 3 0 S D -21---------
Hygrocybe graminicolor (E.Horak) T.W.May & A.E.Wood 6 0 S D --1--22-1---
Hygrocybe lewellinae (Kalchbr.) A.M.Young 2 0 S D --1--1------

Hygrocybe roseoflavida A.M.Young & A.K.Mills 1 0 S D -----1------
Hygrocybe sp. ‘dry red, yellowish decurrent gills’ 0 2 S D ---1-1------
Lyophyllum sp. ‘large, grey-brown, stipe whitish, blackening’ 5 0 S D? --12-2------
Mycena albidocapillaris Grgur. & T.W.May 7 0 L D ---21112----
Mycena albidofusca Cleland 6 2 L D --2213------
Mycena austrofilopes Grgur. & A.A.Holland 1 0 L D ---1--------
Mycena austrororida Singer 2 0 W D ---11-------
Mycena carmeliana Grgur. 7 3 W D -1--12321---
Mycena cystidiosa (G.Stev.) E.Horak 7 3 L D ---244------
Mycena epipterygia (Scop.: Fr.) Gray 5 0 L D ---221------
Mycena interrupta (Berk.) Sacc. 8 0 W D ---12311----
Mycena kurramulla Grgur. 8 4 W D ---235-1-1--
Mycena mulawaestris Grgur. 6 3 W D --1341------
Mycena nargan Grgur. 6 1 W D ---2221-----
Mycena sanguinolenta (Alb. & Schwein.: Fr.) P.Kumm. 2 5 W D ---232------
Mycena subgalericulata Cleland 3 2 W D --1--22-----
Mycena toyerlaricola Grgur. 6 0 L D --1221------
Mycena vinacea Cleland 7 1 S D -1-21----4--
Mycena viscidocruenta Cleland 8 2 L D 12222------1
Mycena sp. ‘grey bonnets on wood’ 1 0 W D ----1-------
Mycena sp. ‘grey-brown, glutinous stipe, white decurrent gills’ 2 1 LS D ---11-1-----
Mycena sp. ‘liver gills’ 4 2 SW D ----123-----
Mycena sp. ‘M89, small, white, fragile with 
 adnate to subdecurrent gills’ 1 0 W D -----1------
Mycena sp. ‘M91, brown striate’ 0 7 SW D ---1231-----
Mycena sp. ‘M100, small, pallid violet with decurrent gills’ 1 0 S D ------1-----
Mycena sp. ‘M105, pale grey-brown with long cheilocystidia’ 1 0 W D ------1-----
Mycena sp. ‘M113, greyish with bleach odour’ 1 0 W D -----------1
Mycena sp. ‘M119, small white, decurrent gills, no odour’ 0 4 W D --112-------
Mycena sp. ‘M120, black bonnet with two-toned stipe’ 1 0 S D --1---------
Mycena sp. ‘M124, aff. “grey rubbery”’ 2 0 W D --11--------
Mycena sp. ‘M129, sandy buff, on wood’ 1 0 W D ----1-------
Mycena sp. ‘M131, brown bonnets’ 1 0 W D ----1-------
Mycena sp. ‘M135, on wood, greyish’ 0 1 W D ----1-------
Mycena sp. ‘pink and yellow with iodine odour’ 3 0 W D -----21-----
Mycena sp. ‘pink or brown with long, slender stipe 
 and bleach odour’ 2 0 LS D ---2--------
Mycena sp. ‘small, greyish pileus, long slender stipe’ 1 0 S D ---------1--
Mycena sp. ‘small, greyish white’ 1 0 S D -----1------
Mycena sp. ‘small, greyish, on wood, no odour’ 2 0 W D ----1----1--
Mycena sp. ‘small, white, close decurrent gills, yellow stipe base’ 1 1 L D ------2-----
Mycena sp. ‘small, white, fragile, adnate gills, bleach odour’ 1 0 L D -------1----
Mycena sp. ‘small, white, fragile, decurrent gills, bleach odour’ 1 0 L D ---------1--
Mycena sp. ‘very small, greyish cap with 
 dark centre, slender stipe’ 1 0 L D -------1----
Mycena sp. ‘very small, white, fragile, on fern stipe’ 1 0 L D ------1-----
Mycena sp. ‘yellow-ochre with earth odour’ 2 0 S D --11--------
Omphalina chromacea (Cleland) T.W.May & A.E.Wood 0 1 S D -----1------
Omphalina umbellifera (L.: Fr.) Quél. 0 2 SW D ----11------
Panellus ligulatus E.Horak 3 0 W D 1-1--1------
Panellus longinquus (Berk.) Singer 4 1 W D --1--1111---
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Panellus stipticus (Bull.: Fr.) P.Karst. 23 9 W D 2333343334-1
Porpoloma sp. ‘grey, with pink peronating stipe base’ 1 0 S M --------1---
Pseudobaeospora sp. ‘bloomers’, pink, plum or grey colours 6 1 S D ---1-321----
Resupinatus applicatus (Batsch: Fr.) Gray 1 0 W D -------1----
Rickenella fibula (Bull. & Vent.: Fr.) Raithelh.  0 3 S D ----1--1-1--
Tricholoma sp. ‘brown mottled’ 1 0 S M -----1------
Tricholoma sp. ‘grey’ 7 2 S M --1-1412----
Tricholoma sp. ‘large, pinkish buff’ 1 0 S M -----1------

Incertae sedis

Tricholomataceae sp. ‘all-grey, streaky, anastomosing’ 5 0 S D -122--------
Tricholomataceae sp. ‘gelatinous white on wood’ 4 0 W D -11---2-----
Tricholomopsis aff. rutilans (Schaeff.: Fr.) Singer 2 0 W D -1-1--------

BOLETALES

BOLETACEAE
Boletellus obscurecoccineus (Höhn.) Singer 8 0 S M 12121-1-----
Pulveroboletus ravenelii (Berk. & M.A.Curtis) Murrill 3 0 S M -21---------
Xerocomus subtomentosus (L.: Fr.) Quél. 3 0 S M 11---------1

CONIOPHORACEAE
Podoserpula pusio (Berk.) D.A.Reid 11 1 W D -1-12422----

HYGROPHOROPSIDACEAE
Hygrophoropsis aurantiaca (Wulfen: Fr.) Maire 0 1 S D ----1-------

SCLERODERMATACEAE
Calostoma fuscum (Berk.) Massee 0 1 S D ----1-------

CANTHARELLALES

CANTHARELLACEAE
Cantharellus concinnus Berk. 3 0 S D -12---------
Cantharellus sp. ‘brown’ 2 0 S D ----11------

CLAVULINACEAE
Clavulina sp. ‘white’ 2 0 S S/M? -----11-----

HYDNACEAE
Hydnum repandum L.: Fr. 9 0 S D? --1-13121---

DACRYMYCETALES

DACRYMYCETACEAE
Calocera sp. ‘antlers’ 0 4 W D ----121-----
Calocera sp. ‘rods’ 8 8 W D 2-24131--111
Dacrymyces sp. ‘spathulate’ 6 2 W D 12---12-11--
Heterotextus peziziformis (Berk.) Lloyd 5 7 W D 1---123122--
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HYMENOCHAETALES

HYMENOCHAETACEAE 
Phellinus wahlbergii (Fr.) D.A.Reid 5 0 W D -----121--1-
Phellinus sp. ‘resupinate’ 1 0 W D --1---------

Incertae sedis

Hymenochaete (?) sp. ‘medium brown, suedelike, resupinate’ 2 0 W D ------11----

PHALLALES

RAMARIACEAE
Ramaria lorithamnus (Berk.) R.H.Petersen 2 0 S M -----11-----
Ramaria ochraceosalmonicolor (Cleland) Corner 4 0 S M -11--2------
Ramaria versatilis Quél. 1 0 S M ----1-------
Ramaria sp. ‘pink’ 3 0 S M --21--------
Ramaria sp. ‘yellowish’ 0 1 S M -----1------

POLYPORALES

FOMITOPSIDACEAE
Postia caesia (Schrad.: Fr. ) P.Karst., species complex 4 0 W D ---11-1--1--
Postia pelliculosa (Berk.) Rajchenb. 1 2 W D ---1--2-----

GANODERMATACEAE
Ganoderma applanatum (Pers.) Pat. 0 1 W D ---------1--

MERULIACEAE
Byssomerulius corium (Pers.: Fr.) Parmasto 1 8 W D 1---1322----

PODOSCYPHACEAE
Cotylidia undulata (Fr.) Karst. 0 5 S D ----11111---
Podoscypha petalodes (Berk.) Pat. 0 1 W D -----1------

POLYPORACEAE
Datronia brunneoleuca (Berk.) Ryvarden 1 0 W D -----1------
Polyporus melanopus (Sw.: Fr.) Fr. 16 9 W D 1243323322--
Polyporus nigrocristatus E.Horak & Ryvarden 5 0 W D --2-11--1---
Pycnoporus coccineus (Fr.) Bondartsev & Singer 0 24 W D 213223222311
Ryvardenia campyla (Berk.) Rajchenb. 9 0 W D --2223------
Trametes hirsuta (Wulfen: Fr.) Lloyd 0 2 W D ---1-----1--
Trametes ochracea (Pers.) Gilb. & Ryvarden 0 1 W D -------1----
Trametes versicolor (L.: Fr.) Lloyd 0 18 W D 1-22232212-1
Tyromyces merulinus (Berk.) G.Cunn. 1 0 W D -------1----

STECCHERINACEAE
Antrodiella zonata (Berk.) Ryvarden 0 1 W D -------1----
Junghuhnia rhinocephala (Berk.) Ryvarden 1 0 W D -----1------
Steccherinum sp. ‘white’ 1 0 W D -----1------
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RUSSULALES

AURISCALPIACEAE
Auriscalpium sp. ‘warrensis’ 9 0 S D ------2223--
Clavicorona piperata (Kauffman) Leathers & A.H.Sm. 5 0 W D ----131-----

HERICIACEAE
Hericium coralloides (Scop.: Fr.) Pers. 4 0 W D ---2-2------
Mucronella pendula (Massee) R.H.Petersen 6 0 W D ------2121--

RUSSULACEAE
Arcangeliella sp. 4 0 S M --1--1-2----
Lactarius clarkeae Cleland 8 0 S M --3221------
Lactarius eucalypti O.K.Mill. & R.N.Hilton 9 1 S M -132121-----
Lactarius stenophyllus Berk. 8 0 S M 12311-------
Lactarius wirrabara Grgur. 1 0 S M --1---------
Russula aff. albonigra (Krombh.) Fr. 0 1 S M ----1-------
Russula clelandii O.K.Mill. & R.N.Hilton 4 0 S M --31--------
Russula compacta Frost & Peck 1 0 S M -----1------
Russula lenkunya Grgur. 4 0 S M --2-11------
Russula marangania Grgur. 1 0 S M --1---------
Russula neerimea Grgur. 2 0 S M --1--1------
Russula persanguinea Cleland 2 0 S M --1-1-------
Russula sp. ‘pileus violet, purple and yellow, stipe whitish’ 1 0 S M -1----------
Russula sp. ‘pink pileus and stipe, white gills’ 2 0 S M -11---------
Zelleromyces cf. daucinus G.W.Beaton, Pegler & T.W.K.Young 1 0 S M -------1----

STEREACEAE
Aleurodiscus sp. ‘pinkish orange, underside white tomentose’ 1 0 W D -1----------
Stereum hirsutum (Willd.: Fr.) Pers. 4 8 W D -----423111-
Stereum illudens Berk. 3 12 W D 1---233231--
Stereum ostrea (Blume & Nees: Fr.) Fr. 6 4 W D 1-2-21-13--- 
Stereum rugosum Pers. 4 0 W D 1-1---11----
Stereum sp. ‘drab’ 0 9 W D 1---111211-1
Stereum sp. ‘lilac’ 8 0 W D ---1231-1---

THELEPHORALES

BANKERACEAE
Hydnellum sp. ‘flesh reddening, orangy hymenium’ 3 0 S M -11-1-------
Hydnellum sp. ‘pinkish brown, unchanging flesh’ 1 0 S M --1---------
Phellodon niger (Fr.: Fr.) P.Karst. 10 0 S M --12232-----
Phellodon sp. ‘brown’ 1 0 S M -1----------

TREMELLALES

TREMELLACEAE
Tremella fimbriata Pers.: Fr. 2 6 W D 2----122-1--
Tremella fuciformis Berk. 11 7 W D 1--1253231--
Tremella mesenterica Retz.: Fr. 0 1 W D -------1----

Incertae sedis

Jelly fungus sp. ‘grey tapioca’ 1 0 W D -----------1

Appendix 1. Continued.

 Frequency  Month
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