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a b s t r a c t

This paper investigates the diversity and ecology of the epigeous ectomycorrhizal (EcM)

fungal assemblages of four plots in native Eucalyptus obliqua forest in Tasmania at different

ages of regeneration since the natural disturbance of wildfire. From fortnightly visits to

1 ha of forest over a period of 14 months, 331 EcM species were documented. The family

Cortinariaceae (particularly the genus Cortinarius) dominated the EcM communities, with

the youngest plot (72 yr since the last wildfire) having the greatest number of EcM species.

Each plot was divided up into 25 10� 10 m subplots, and both unconstrained and con-

strained ordination procedures showed a significant association between the woody

perennial plant community of the subplots and their EcM assemblages, reflecting the co-

variation of plant and fungal communities. The study provides benchmark knowledge of

EcM communities in a specific forest type in Tasmania, serving as a good basis for further

studies in those forests and in similar forest types elsewhere.

ª 2011 Elsevier Ltd and The British Mycological Society. All rights reserved.

Introduction

It has been known for some time that different macrofungi

fruit under different tree species (Maire et al. 1901), on

different soil types (Haas 1933) and are associated with

different plant communities (Wilkins et al. 1937). Lange (1978)

considered that half the species of Agaricales found fruiting

on soil in a Danish beech forest were ectomycorrhizal (EcM).

It was recognized in Australia that EcM fungi were essential

to plant health and development (see Samuel 1926; Chilvers &

Pryor 1965; Chilvers 1968a, 1968b; Ashton 1976; McGee 1986).

However, these studieswere concernedwithdiscoveringwhich

plants in Australia formed mycorrhizal associations and the

structure and function of the mycorrhizas. Little was known

about the EcMdiversity and ecology of these fungi inAustralian

forests until 1988,when aprojectwas initiated to collect, isolate

and identify EcM fungi from forests throughout Australia

(Castellano & Bougher 1994). Knowledge of the natural distri-

bution of EcM fungi and an understanding of their biology and

ecology can provide insights into their potential responses to

anthropogenic disturbances (Klironomos & Kendrick 1993;

Castellano & Bougher 1994; Erland & Taylor 2002).
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Folke & Knudsen (1994) suggested that EcMmacrofungi, by

providing various benefits to the tree and improving soil

quality and the stability of the ecosystem as a whole, are good

indicators of forest condition. They maintained that if the

number of EcM species of selected genera with large, easily

seen fruit bodies, e.g. Boletus, Tricholoma, Russula and Lactarius,

in 10 ha remains relatively constant after a certain time, then

the forest can be classified as sustainably managed.

EcM fungal species richness and community structure are

threatened by gathering by humans for commercial gain, loss

of habitat due to anthropogenic activities, e.g. clearing of

forests for agriculture and urban development, and intensive

forestry (R€uhling & Tyler 1990; Arnolds 1991). Other distur-

bances contributing to EcM community structure changes are

wildfire (Jonsson et al. 1999; Bruns et al. 2002), pollution by

acid rain and atmospheric nitrogen deposition (Arnolds 1991),

fertilization (Wiklund et al. 1995) and climate change (Watling

2004; Gange et al. 2007; Kauserud et al. 2008).

This paper examines the EcM communities in four plots

regenerating at different times since the natural disturbance

of wildfire in a native Eucalyptus obliqua forest in Tasmania,

Australia. We investigate whether there is an association

between the EcM communities and the vegetation types

identified, and whether there are any species or suite of

species that could be considered potential indicator species of

a vegetation type to assist in conservation and forest

management protocols.

Materials and methods

Study area

Details of the site characteristics, the plot establishment and

methodsof surveyinganddocumenting thedata, arepresented

inGates (2009). Briefly, four 0.25 haplotswere chosen reflecting

known, but differing, fire history along the ‘Bird Track’ at the

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

Tasmania,west of Geeveston (seeGates et al. 2011b for location

maps and positions of the four plots). The forest typewas a tall,

wet, naturally regenerated native forest dominated by E. obli-

qua. This is themost common forest type at the LTER, but some

temperate rainforest is also present (Brown et al. 2001). The

mean maximum temperature at the Bureau of Meteorology’s

Warra weather station is 13.7 �C and the mean minimum

temperature is 5.4 �C, with a mean annual rainfall of 1690 mm

(http://www.bom.gov.au/climate/data/). The names given to

the chosen plots were, respectively, ‘Old growth’ (unburnt for

�200 yr), ‘1898’ (thought to have been last burnt 108 yr previ-

ously, but later in the study it was found that parts of it were

subjected to a second fire in the year 1934, i.e. 72 yr previously),

‘1934’ (last burnt 72 yr previously) and ‘1898/1934’ (last two fires

72 and 108 yr previously). The 50� 50 mplotswere divided into

25 10� 10 m subplots. The subplots were mapped for their

coarsewoody debris and also for their standing live vegetation.

The diameter at breast height of each living tree was recorded,

and the positions of all trees with stems �10 cm were deter-

mined, and maps prepared. These measurements formed the

basis by which each of the total of 100 subplots in the study

were subsequently classified into a set of ‘vegetation types’,

which took into account the vascular species present in each

subplot in combination with the plot’s fire history.

Soil types

The soils of ‘Old growth’, ‘1898’ and ‘1898/1934’ are best

described as intermediate between two soil types e 15.3 and

15.4 (Grant et al. 1995), i.e. yellowish brown mottled clayey

soils under wet forest and red-brown clayey soils under wet

forests, respectively. These soil types are widespread in Tas-

mania where annual rainfall is above 1000 mm. The soils are

derived from Jurassic dolerite and Quaternary dolerite talus

on low, rolling hills to steep mountains. The soil of ‘1934’ is

closer to soil type 14.2 (Grant et al. 1995), i.e. sandy over clayey

soils under wet forest, derived from Triassic sandstone.

Survey methods

Visits to each plot were made approximately fortnightly over

a period of 14 months from May 2006 to Jul 2007, with all

macrofungi recorded on all substrata. In this paper, only

epigeous basidiomycetous EcM macrofungi associated with

soil are considered. While ascomycetes, especially those in

Pezizales, have recently been shown to be EcM (Tedersoo et al.

2006), the mycorrhizal status of the four epigeous macro-

ascomycetes that were found are unknown.

Each of the 25 subplots of each of the four plots was

traversed five times to simulate a transect 2 m wide to ensure

that the whole subplot was completely surveyed. All visible

fruit bodies of macrofungi found on any substratum within

the subplot were recorded as properly named and described

species or as ‘tag names’ where the species was familiar but

still to be described or identified. Those species new to the

authors were described from fresh material with written

descriptions (color followed Kornerup & Wanscher 1978),

photographs, drawings and micrographs of microscopic

features. Fruit bodies of all species were then dried for 24 hr in

a Sunbeam� food dehydrator and deposited as voucher

material in the Tasmanian Herbarium (HO).

Species nomenclature

The taxonomy of Australian fungi is poorly known with only

a small percentage of the species actually named and a further

small percentage known but not named (Bougher & Syme

1998). Valid names of the species belonging to the Basidio-

mycota were taken from May & Wood (1997), May et al. (2002)

or the interactive catalogue of fungi on the website of the

Royal Botanic Gardens Melbourne (http://www.rbg.vic.gov.au,

viewed 2006e2009). Family names followed the online inter-

active version of Index Fungorum (http://www.index-

fungorum.org/names/Names.asp, accessed 8 Jan 2011). All but

a handful of the ‘tag species’ were confidently assigned to

genus level with very few being unidentified beyond family

status. Life modes (i.e. EcM or decomposer) were determined

using Trappe (1962), Warcup (1980), Bougher (1995) and

Bougher & Syme (1998). The EcM status of host trees was

determined using Brundrett (2008) except for Eucryphia lucida,

the EcM status of which was determined by P. McGee

(pers. obs. 25 Aug 2010).

Diversity and ecology of epigeous ectomycorrhizal macrofungal assemblages 291
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Statistical analysis

Species richness was determined as the number of times each

of the distinct macrofungal species was obtained from the 30

fortnightly visits to each of the four plots. For species

assemblages, the unconstrained ordination procedure non-

metric multidimensional scaling (nMDS), as implemented in

PRIMER v6 (Clarke&Gorley 2006), was used to explorewhether

there were indications of differences among vegetation types

without imposing hypotheses. Similarity (resemblance) was

defined employing thewidely used BrayeCurtismeasure (Bray

& Curtis 1957), the database being the ‘species by subplots’

matrix in which a species was recorded as either present or

absent in a subplot, ignoring visits. Inferential methods

included use of two routines from the suite of programs for

multivariate ecological data developed by MJ Anderson and

available as an add-on (PERMANOVAþ) to PRIMER v6 (Clarke &

Gorley 2006; Anderson et al. 2008). As there was no replication

of the plots with respect to fire history, it was not valid to use

multivariate analysis of variance (PERMANOVA) or canonical

discriminant analysis (CAPeCDA) to test for differences due to

fire history. However, as the subplots provide replication of

the various vegetation types, canonical correlations analysis

(CAPeCCorA) and distance-based redundancy analysis

(DISTLM) was used to test for differences in macrofungal

species assemblages among vegetation types. Similarity

(resemblance) between the fungi in each pair of subplots was

defined using the BrayeCurtis measure on the presence/

absence data, without having to make the unrealistic distri-

butional assumption of multivariate normality. A two-stage

procedure was used. In the first stage, permutation tests with

9 999 random permutations of the observed data set were

performed using CAP-CCorA on the two data matrices (one

containing the resemblances among the species lists in each

of the 100 subplots and the other containing the abundances

of the vascular plant species present in those same subplots).

As a significant correlation was obtained, DISTLM modelling

was then used to establish the set of vascular species that best

explained the differences among the macrofungal species

assemblages at the subplot level. In this stage, the abundances

of the 21 vascular plant species (see Table 1) were transformed

using log(Xþ 1) to reduce the effect of markedly unequal

abundances. To increase the likelihood of obtaining an

ecologically interpretable result, the modelling was restricted

to 88 subplots which could clearly be classified into a vegeta-

tion type based upon their predominant understory species.

Results

Vascular plants

From the mapping of the 100 subplots, 21 woody or semi-

woody perennial species were identified, in six ‘vegetation

types’ (Table 1). Five of the vegetation types corresponded to

combinations of the predominant understory species or group

of species (viz. Pomaderris, Rainforest, Monotoca) with the

year of their last significant fire or fires. The sixth group,

containing 12 subplots, was labelled ‘Unclassified’, as the

vegetation of those subplots was not readily classified, often

containing elements from two or more of the other types.

Information based on plot, rather than on vegetation type, is

Table 1 e Vascular plant species in each vegetation type, by frequency (no. of individuals) and as a percentage (in
parentheses); woody perennials believed to enter into EcM associations are shown in boldface

‘1898_
Pomaderris’

‘1898/1934_
Pomaderris’

‘1934_
Monotoca’

‘1898_
Rainforest’

‘OG_
Rainforest’

‘Unclassified’

No. of subplots 10 23 19 12 24 12

Acacia dealbata 0 0 4(0.8 %) 0 0 1(0.5 %)

Acacia melanoxylon 6(2.5 %) 13(1.0 %) 17(3.3 %) 2(1.7 %) 5(1.1 %) 3(1.4 %)

Acacia verticillata 0 3(0.2 %) 0 0 0 0

Anopterus glandulosus 0 28(2.1 %) 32(6.1 %) 1(0.5 %) 4(0.9 %) 3(1.4 %)

Aristotelia peduncularis 0 4(0.3 %) 0 0 0 0

Atherosperma moschatum 0 12(0.9 %) 3(0.6 %) 49(26.2 %) 216(46.2 %) 7(3.3 %)

Coprosma quadrifida 3(1.2 %) 28(2.1 %) 6(1.2 %) 1(0.5 %) 3(0.6 %) 4(1.9 %)

Cyathodes glauca 0 29(2.2 %) 32(6.1 %) 1(0.5 %) 0 0

Dicksonia antarctica 12(5.0 %) 25(1.9 %) 14(2.7 %) 28(15.0) 61(13.0) 15(7.6 %)

Eucalyptus obliqua 9(3.7 %) 39(3.0 %) 27(5.2 %) 10(5.3 %) 1(0.2 %) 14(6.7 %)

Eucryphia lucida 0 53(4.0 %) 3(0.6 %) 0 8(1.7 %) 25(11.9 %)

Gahnia grandis 2(0.8 %) 21(1.6 %) 17(3.3 %) 0 3(0.6 %) 11(5.2 %)

Monotoca glauca 0 2(0.2 %) 167(32.1 %) 2(1.1 %) 0 7(3.3 %)

Nematolepis squamea 0 0 2(0.4 %) 0 0 0

Nothofagus cunninghamii 13(5.4 %) 147(11.1 %) 144(27.6 %) 55(29.4 %) 154(32.9 %) 84(40.0 %)

Olearia argophylla 21(8.7 %) 17(1.3 %) 0 15(8.0 %) 0 1(0.5 %)

Phyllocladus aspleniifolius 1(0.4 %) 48(3.6 %) 21(4.0 %) 3(1.6 %) 1(0.2 %) 7(3.3 %)

Pimelea drupacea 2(0.8 %) 18(1.4 %) 6(1.2 %) 4(2.1) 11(2.4 %) 5(2.4 %)

Pittosporum bicolor 0 1(0.1 %) 2(0.4 %) 1(0.5 %) 0 0

Pomaderris apetala 172(71.4 %) 821(62.2 %) 0 15(8.0 %) 0 17(8.1 %)

Tasmannia lanceolata 0 10(0.8 %) 24(4.6 %) 0 1(0.2 %) 6(2.9 %)

Total no. of individuals 241 1319 521 187 468 210

292 G.M. Gates et al.
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recorded in Gates (2009, Table 2.2), which also lists the percent

basal area occupied by each tree species in each plot.

Of the 21 perennial species, only six are considered to form

EcM associations with macrofungi (see Brundrett 2008). These

are the three Acacia species (A. dealbata, A. melanoxylon and

A. verticillata), Eucalyptus obliqua, Nothofagus cunninghamii and

Pomaderris apetala (see Table 1 for their abundances in each

vegetation type). The remaining species may have arbuscular

mycorrhizal associations or not enter into any relationship

with macrofungi (see Brundrett 2008).

Species richness of EcM macrofungi

In total, there were 3129 records of 331 EcM macrofungal

species fruiting on soil. Of these species, 111 were found only

once during the 14 months survey period, 57 occurred twice

Table 2 e Most frequently recorded soil-inhabiting EcM species. The entries in each column represent the number of
records

Species binomial Total
records

‘1898_
Pomaderris’

‘1898/1934_
Pomaderris’

‘1934_
Monotoca’

‘1898_
Rainforest’

‘OG_
Rainforest’

‘Unclassified’

Lactarius eucalypti 347 39 98 85 18 59 48

Laccaria spp. 332 29 42 13 69 149 30

Cortinarius sp. 1 121 11 32 44 7 6 21

Russula persanguinea 111 5 20 29 2 39 16

Hydnum repandum 81 0 50 0 2 28 1

Cortinarius rotundisporus 80 13 16 16 8 19 8

Descolea recedens 70 13 4 17 22 5 9

Descolea phlebophora 69 0 3 26 2 30 8

Cortinarius sp. 2 66 0 0 0 0 66 0

Fistulinella mollis 58 1 2 31 7 7 10

Russula lenkunya 57 3 18 7 4 24 1

Phellodon sp. ‘brown’ 56 0 40 10 0 0 6

Tricholoma sp. ‘grey, with odour’ 53 8 38 0 1 1 5

Cortinarius sp. 3 51 0 5 34 0 3 9

Cortinarius submagellanicus 41 0 23 3 6 8 1

Cortinarius sp. 4 40 3 2 0 5 28 2

Cortinarius sp. 5 33 0 2 1 3 25 2

Cortinarius sp. 6 32 0 17 7 0 3 5

Cortinarius sp. 7 32 0 1 10 0 19 2

Dermocybe clelandii 28 8 8 6 2 2 2

Cortinarius sp. 8 27 0 21 4 0 0 2

Cortinarius sinapicolor 24 1 22 0 0 0 1

Inocybe sp. 24 1 4 0 6 11 2

Cortinarius sp. 9 23 0 18 1 1 2 1

Cortinarius sp. 10 23 0 0 0 0 23 0

Cortinarius sp. 11 23 0 5 16 0 1 1

Dermocybe canaria 23 0 1 16 0 0 6

Laccaria sp. ‘nothofagi’ 22 0 0 0 1 18 3

Cortinarius sp. 12 21 0 18 1 0 0 2

Lactarius wirrabara 21 1 0 9 2 0 9

Boletellus obscurecoccineus 18 0 1 12 0 0 5

Arcangeliella sp. 17 0 11 0 3 0 3

Cortinarius sp. 13 17 0 12 1 0 2 2

Phellodon niger 17 0 12 0 0 0 5

Ramaria fennica 17 0 16 0 0 1 0

Russula compacta 17 0 2 5 0 9 1

Cortinarius sp. 14 16 0 0 0 0 16 0

Cortinarius sp. 15 15 0 4 9 0 0 2

Dermocybe austroveneta 15 2 4 0 9 0 0

Dermocybe kula 15 0 15 0 0 0 0

Inocybe discissa 15 2 6 0 0 6 1

Cortinarius sp. 16 14 0 13 0 0 0 1

Cortinarius sp. 17 14 0 0 0 0 14 0

Porpoloma ‘grey’ 14 1 12 0 0 0 1

Cortinarius sp. 18 13 0 0 10 0 0 3

Cortinarius sp. 19 13 0 6 5 0 0 2

Laccaria aff. masonii 13 0 0 0 0 13 0

Phylloporus sp. ‘blueing’ 13 0 0 0 5 5 3

Tricholoma ‘large pink/pink-buff’ 13 0 11 0 0 0 2

Cortinarius sp. 20 12 0 1 3 1 0 7

Hebeloma ‘medium, pink-buff’ 11 0 11 0 0 0 0

Diversity and ecology of epigeous ectomycorrhizal macrofungal assemblages 293
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and32 speciesoccurred three times. Fifty-onespeciesoccurred

more than 10 times and accounted for 2 298 (73.4 %) of the total

records (see Table 2 for abundance by vegetation type). The

genus with the highest number of species was Cortinarius (231

species, including Dermocybe, Cuphocybe and Rozites) of which

only 14 could be identified to a formally described species.

Lactarius eucalypti was the most often recorded EcM basidio-

mycete macrofungus (347 records), with Laccaria spp. (a

composite species group) second with 332 records. The Corti-

nariaceae were the dominant EcM family, followed by Russu-

laceae and Inocybaceae with much lower frequencies (Fig 1).

Macrofungal species richness appeared to bemore strongly

determined by plot than by vegetation type, as the mean

numbers were low in both types of ‘1898’, while bigger

differences occurred between themeans of ‘1898_Pomaderris’

and ‘1898/1934_Pomaderris’ and between the means of

‘1898_Rainforest’ and ‘Old growth_Rainforest’ (Table 3). The

‘1898/1934_Pomaderris’ vegetation type was the most species

rich, as it contained 821 living Pomaderris apetala trees.

Most frequently observed EcM macrofungal species were

distributed throughout the three broad vegetation groups, viz.

Pomaderris, Rainforest, Monotoca (Table 2), with only a few

being considered potential indicator species. Cortinarius sp. 2 (a

species that prior to the molecular age would have been classi-

fied as a Cuphocybe), Cortinarius sp. 10 and Cortinarius sp. 14were

found only in ‘Old growth_Rainforest’. Laccaria sp. ‘nothofagi’

and L. aff.masoniiwere confined to the old forest types.

EcM macrofungal species assemblages correlated with
vascular plant species

The ordination diagram shows the best three-dimensional

solution (stress¼ 0.18) by displaying Axis 2 vs. Axis 1 and Axis

3 vs. Axis 1 (Fig 2). Even in this unconstrained ordination, there

are clear separations among the vegetation types (the

‘Unclassified’ group is included for completeness), with

‘1934_Monotoca’ remote from ‘Old growth_Rainforest’ and

‘1898/1934_Pomaderris’. From the distances between the

groups of points, the three broad vegetation groups Poma-

derris, Rainforest and Monotoca appear to be more different

from each other than the differences within Pomaderris (i.e.

‘1898_Pomaderris’ and ‘1898/1934_Pomaderris’) or within

rainforest (i.e. ‘1898_Rainforest’ and ‘Old growth_Rainforest’).

The constrained procedure CAP-CCorA established that

a significant correlation existed (P-value 0.0001 from 9 999

permutations) between the resemblance matrix derived from

the EcM macrofungal species lists in the 100 subplots and the

abundance matrix for the 21 perennial species found overall

in those subplots. To examine which species were the most

influential, DISTLM modelling was used on the 88 subplots

that could be classified into vegetation types, and adjusted R2

was used as the stopping criterion. The best DISTLM model

had Pomaderris apetala as the most important explanatory

variable, followed byMonotoca glauca and Olearia argophylla, all

with a probability of inclusion of P¼ 0.0001 (Table 4). The

fourth variable selected was Atherosperma moschatum

(P¼ 0.0004), and Gahnia grandis was the last significant entry

(P¼ 0.0025), contributing less than 2 % to the cumulative R2. Of

the five significant explanatory variables, P. apetala was the

only one that forms an EcM association.

Discussion

Species richness

The total number (331) of morphospecies of epigeous EcM

fungi found from 1 ha of native wet sclerophyll E. obliqua-
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Fig 1 e The distribution of species and records of EcM fungi

in the major families fruiting on soil in this study.

Table 3 e Mean numbers of records of, and mean number of species of, EcM macrofungi per subplot, and total numbers of
each of the EcM host woody perennials in each vegetation type

Vegetation type

‘1898_
Pomaderris’

‘1898_
Rainforest’

‘1898/1934_
Pomaderris’

‘1934_
Monotoca’

‘OG_ Rainforest’

No. of subplots: 10 12 23 19 24

Ave. no. of EcM fungal spp. 11.9 10.3 26.6 15.9 16.9

Ave. no. of EcM fungal records 20.3 19.9 42.7 28.7 34.5

EcM host numbers:

Acacia spp. 6 2 16 21 5

Eucalyptus 9 10 39 27 1

Nothofagus 13 55 147 144 154

Pomaderris 200 15 821 0 0

228 82 1023 192 160

294 G.M. Gates et al.
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dominated forest was at the high end of the range found in

studies in NorthernHemisphere temperate forest ecosystems,

which ranged from 41 in Visser (1995) to 309 in Norvell &

Exeter (2004). It was also higher than the number found in

other studies on the mainland of Australia (e.g. Burns &

Conran 1997, 26 spp.; RM Robinson unpublished data

2002e2004, ca. 200 spp.; Newbound 2009, 37 spp.) and even in

similar wet eucalypt forests in Tasmania (e.g. Packham et al.

2002, 53 spp.; McMullan-Fisher 2008, 46 spp.; BM Horton

unpublished data 2006e2009, 187 spp.). As other researchers

(e.g. Bills et al. 1986) have found, it is difficult to compare

studies that have been carried out in different hemispheres, in

different forests, on different soil types, at different altitudes,

in stands of different ages, with a variety of microclimates.

Studies vary in length of survey period, in sampling proce-

dure, in area sampled and in operator expertise.

Some findings from the current study were consistent with

those of other studies. For example, out of the total of 849

macrofungal species from all substrata found altogether in

this project, the percentage of EcM species (39 %) fell within

the estimate of 35e40 % of the total macrofungal species

found by other authors (see Lange 1978; Watling 1995;

Kendrick 2000), and there were many species collected only

once (as in Smith et al. 2002; Straatsma & Krisai-Greilhuber

2003; Bonet et al. 2004; Richard et al. 2004). A number of

factors could be responsible for the very high number of EcM

species found in the current study in a wet E. obliqua forest.

These include the very intense sampling effort in terms of

survey occasions and area, the longer length of conditions

conducive for fruiting in Tasmanian wet forests (Packham

et al. 2002), the great ability of the genus Eucalyptus to form

ectomycorrhizas (Ashton 1976; Bougher 1995; Chilvers 2000),

and the fact that the study was conducted in a native forest,

the only major disturbance being that of wildfire.

The largest number of EcM species belonged to the family

Cortinariaceae (240) across all four plots (see Fig 1). Most of the

EcM collections that could not be identified to species level

belonged to the genus Cortinarius (as also found by Nantel &

Neumann 1992; Norvell & Exeter 2004; Trudell & Edmonds

2004; Robinson & Tunsell 2007). The large number of EcM

species of Cortinarius is supported by the root-tip molecular

results of Tedersoo et al. (2008) who found that the genus

Cortinarius, colonizing 10.9 % of root tips in their study,

produced among the most abundant EcM taxa. A study by BM

Horton undertaken at the same time as the current study

found 89 epigean taxa of Cortinarius (unpublished data), but

that study, in a high-altitude Tasmanian eucalypt forest,

involved only four repeat visits to survey the above-ground

macrofungi compared to our 30.

Macrofungal species richness and vegetation types

The ‘1898/1934_Pomaderris’ vegetation type had the highest

number of EcM morphospecies in this study (Table 3), the

same finding as for the litter macrofungal species (Gates et al.

2011a) but not for the wood-inhabiting species (Gates et al.

2011b). There is no clear-cut explanation for the results. It

can be seen from Table 3 that there is no relationship between

the number of EcM host trees and average number of fungal

species. Both vegetation types derived from the 1898 plot had
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Fig 2 e Ordination diagram for EcM macrofungal

assemblages resulting from non-metric multidimensional

scaling on the BrayeCurtis similarity matrix, derived from

presence/absence of 331 macrofungal species after 30

visits within 100 103 10 m subplots.

Table 4 e Statistics associated with best DISTLM model. Of the five species listed, only P. apetala is believed to form EcM
associations

Plant species entered into model (in order of entrance) P-value of entering variable Cumulative R2 Residual df

Pomaderris apetala 0.0001 0.0885 86

Monotoca glauca 0.0001 0.1766 85

Olearia argophylla 0.0001 0.2055 84

Atherosperma moschatum 0.0004 0.2255 83

Gahnia grandis 0.0025 0.2430 82
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the lowest mean number of EcM species due to some site

characteristic or interaction of variables not discernible at the

small spatial scale.

Macrofungal species assemblages and vegetation types

There was a significant association of the EcM species

assemblages with the vegetation types (Table 4, Fig 2), and it

has been shown that edaphic factors, including pH, influence

the EcM community (McAfee & Fortin 1987; Tyler 1989;

R€uhling & Tyler 1990; Kranabetter et al. 2005) and also indi-

rectly determine plant community (Kernaghan et al. 2003).

However, EcM fungi can also correlate with vegetation inde-

pendent of soil conditions (Nantel & Neumann 1992;

Harrington 2003). It is possible that soil pH (and/or humus

pH) contributed to the result, either directly or indirectly, by

influencing vegetation type. However, the inherent site char-

acteristics and lack of replication in the current study place

limitations on determining the direct causes for this finding.

Distribution of macrofungal genera among vegetation types

Several taxa of genera that have historically been regarded as

early stage or early successional, e.g. Hebeloma, Laccaria and

Inocybe (Dighton & Mason 1985), were found in the ‘Old

growth_Rainforest’ vegetation type as well as many species of

Cortinarius including the subgenus Dermocybe. This contrasts

with the results of Kranabetter et al. (2005) who had found no

Laccaria, Inocybe or Dermocybe species in their 12 late-seral

species but their study was undertaken in conifer forests of

the Northern Hemisphere. Two species of the genus Laccaria,

i.e. L. sp. ‘nothofagi’ and L. aff. masonii, were confined to the

old forest vegetation types. As these vegetation types are

a stage towards becoming temperate rainforest, this result

supports the observation of Fuhrer (2005), who noted that

these two species were usually associated with N. cunning-

hamii in cool temperate rainforest in southeastern Australia.

Cortinarius sp. 2 (a.k.a. Cuphocybe) was restricted to the ‘Old

growth_Rainforest’ and is considered a “putative obligate

macrofungal associate of Nothofagus cunninghamii” (Packham

et al. 2002). We consider these three species to have poten-

tial as indicator species of mature E. obliqua forest in Tasma-

nia, but further studies involving more forest sites are needed

to establish if it is possible to identify indicator species or

‘indicator genera’, as proposed by Balmford et al. (2000), that

could be used to assess the health of Tasmanian forests.

Conclusions

Bougher (1995) predicted asmany as 6500 EcM fungi (including

hypogeous fungi) in Australia. Despite the taxonomic works

on Cortinarius in mainland Australia (Horak &Wood 1990) and

Tasmania (Gasparini 2004, 2007; Gasparini & Soop 2008), there

aremanymorphospecies of this genus yet to be described and

it is expected that more species will be discovered as different

habitats and forest types are investigated. This study has

highlighted that within the same forest type subjected to

a capricious wildfire, site and stand characteristics have

a significant effect on the epigeous EcM macrofungal

communities in a native forest. It has also provided (at the

small spatial scale) the benchmark data needed to maintain

optimum mycorrhizal functioning, a process which is funda-

mental to forest health, in a native forest at different stages of

regeneration after natural disturbance. More studies are

needed before recommendations can be made about how

these forests might be managed at the landscape level to

maintain macrofungal biodiversity.
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