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Abstract 

Four species of the Hygrophoraceae are described from Western Australia, Hygrocybe austrolutea 
A.M.Young, Hygrocybe firma (Berk. & Broome) Singer, Hygrocybe pratensis (Pers.: Fr.) Murrill and 
Hygrophorus involutus G. Stev. The records are new for Western Australia and Hygrocybe pratensis 
is a new record for Australia. The known biogeographical distribution of the species varies: endemic 
Australian (H. austrolutea), regional (H. involutus), pan-tropical (H. firma), world-wide (H. 
pratensis). Variations in taxonomically significant characters among geographical representatives are 
discussed for each species. 

Introduction 

The number of species of Hygrophoraceae known to be present in Western Australia is slowly increasing. 
Bougher & Young (1997) noted that only four species had previously been listed: Hygrocybe coccinea 
(Schaeff.: Fr.) P. Kumm. (probably Hygrocybe kandora Grgurinovic & A.M. Young), Hygrocybe conica (Fr.) P. 
Kumm., Hygrocybe cantharellus (Schwein.) Murrill and Hygrophorus laetus (Fr.) Fr. However, they also 
provided records for four taxa: Hygrocybe conica (Schaeff.: Fr.) P. Kumm., var. conica, f. conica, Hygrocybe 
miniata (Fr.: Fr.) P. Kumm. var. miniata, Hygrocybe polychroma Bougher & A.M. Young and Hygrocybe 
viscidibrunnea Bougher & A.M. Young. These records increased the number of species within the 
Hygrophoraceae listed for Western Australia to seven. The four species recorded here, Hygrocybe austrolutea, 
Hygrocybe firma, Hygrocybe pratensis and Hygrophorus involutus bring the total known Western Australian 
mycota within the Hygrophoraceae to eleven taxa. 

Hygrocybe austrolutea was formerly known only from the holotype locality of Blackbutt, Queensland (Young 
& Wood 1997). Its presence in the lower south-west of Western Australia suggests that the species may be much 
more widespread than previously believed. Since the species appears in dry eucalypt woodland, further records 
are likely to depend upon fortuitous circumstances of climate and a mycologist in the 'right place at the right 
time'. 

Hygrocybe firma is now known from the tropical northern region of the State and the species is probably wide
spread in tropical Australia. This species is remarkable for its dimorphic spores and basidia which were first 
described from material in Sri Lanka by Petch (1917). Corner (1936) documented numerous varieties from 
Malaya while Pegler & Fiard (1978) recorded the taxon from tropical America. At that time, Pegler and Fiard 
considered the species of Hygrocybe within section Firmae to be pan-tropical and unknown from temperate 
areas. Later work has shown that Hygrocybe firma does occur in temperate regions and it is now known from 
New Zealand (Horak 1990) and Victoria (Young 1998). The first author also holds Tasmanian material which is 
considered to be a variant of Hygrocybe firma. It remains to be seen if there is an intermediate population of 
Hygrocybe firma between the tropics and the cool temperate populations. If this is found, the southern 
Australian distributions may simply be an example of species radiation including extension into New Zealand. 

J 

Hygrocybe pratensis was first described from Europe where it is widespread (Arnolds 1990). The species is 
equally widespread in North America (Hesler & Smith 1963), and also recorded for Japan (Imazeki, Otani & 
Hongo 1988), South America, New Guinea and Africa (Boertmann 1995), while Horak (1990) described the 
variety gracilis from New Zealand. Given such a world wide distribution and its occurrence in Western 
Australia, it is surprising that the species has not been found anywhere in eastern Australia where the 
Hygrophoraceae have been more widely investigated than in the west. Furthermore, the jarrah {Eucalyptus 
marginata) forest in which H. pratensis occurs in Western Australia is similar in structure, soil, litter 
development and climate to many forest types in eastern Australia. 
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Australian specimens of a taxon at first thought to be Hygrocybe pratensis were found in the Lane Cove 
Bushland Park in the Sydney region of New South Wales. Further investigation has shown this taxon is separate 
and it has been described as Hygrocybe austropratensis A.M. Young (Young 1999). The Western Australian 
species was first believed to be the Lane Cove taxon; however, careful investigation and information from D. 
Boertmann (pers. comm.) has confirmed that the Western Australian species is indistinguishable from variants 
of the European Hygrocybe pratensis. It should be noted here that for at least some European taxa within the 
Hygrophoraceae, holotypes do not exist. Hygrocybe pratensis appears to be one of these un-typified taxa which 
remains defined by recognised written authority. For the purposes of this paper, Hygrocybe pratensis is defined 
sensu Boertmann (1995). Comments regarding this unsatisfactory situation with respect to European holotypes 
have already been made by Young (2000). 

Hygrophorus involutus was first described from New Zealand (Stevenson 1963). Horak (1990) reported that it 
was widespread and common in New Zealand and Fuhrer & Robinson (1992) recorded the species from 
Tasmanian rainforests. The first author has numerous collections of the species from Tasmania where it is 
widespread and common. Young & Wood (1997) recorded the species as occurring in forests in the Sydney and 
Newcastle regions of New South Wales. So far, this species remains the sole Australian representative of the 
genus. 

Methods 

Macroscopical characters of basidiomes collected from the field were described and then air-dried for later 
examination. Dried material was hydrated and examined in ammoniated Congo-red. Microscopic characters 
were drawn with an Olympus drawing tube system calibrated with a 1 mm standard slide. Twenty spores and ten 
basidia were selected at random to obtain the measurements cited below. The length-breadth ratios of spores and 
basidia are indicated by Q. A 10 urn scale bar is placed beside each drawing of a microcharacter. Any colour 
codes quoted are from Kornerup & Wanscher (1978). Standard abbreviations of s.n. (no collector number) and 
n.v. (not seen) are used in the citation of material. Herbarium collections relevant to this paper are held at the 
following locations: 

'E '—CSIRO Forestry and Forest Products Mycology Herbarium, Perth, Western Australia. 
PERTH—State Herbarium of Western Australia, Perth, Western Australia. 
BRI—Queensland Herbarium, Brisbane Botanic Gardens, Mt Coot-tha, Queensland. 
BRIP—Plant Pathology Herbarium, Department of Primary Industries, Indooroopilly, Queensland. 
K—Kew Herbarium, Royal Botanic Gardens, Kew, England. 

Species' descriptions 

Hygrocybe austrolutea A.M. Young, Austral. Syst. Bot. 10, 934 (1997). Type: Queensland. Blackbutt, 4 
April 1989, A.M. Young (Young 1331) (holotype BRIP 22521). 

Figure 1 A, B; plate 1. 

Pileus 30-50 mm, broadly umbonate to plane but retaining distinct umbo, vivid yellow, surface moist to slightly 
viscid, margin entire or splitting and may become repand in old specimens. Lamellae white then developing a 
lemon yellow tinge, adnexed or ascending-adnate, close to crowded, margins concolorous. Stipe 65-85 (-120) x 
8-14 mm, pale yellow becoming white at the base, slender, equal, hollow, slightly moist to dry, longitudinally 
striate, abruptly tapering at the extreme base. Spore deposit white. 

Spores (8-) 9-11 (-11.5) x 5-7.5 um, mean 9.6 x 6.3 um, Q: 1.2-1.9, mean Q: 1.53, broadly ellipsoidal or 
ovoid, occasionally broadly cylindrical and very slightly constricted, hyaline, smooth, thin-walled. Basidia 3 5 -
45 x 8-10 um, mean 39.3 x 9.2 um, Q: 3.8^1.9, mean Q: 4.29, clavate, hyaline, thin-walled, 2- or 4-spored, 
clamp connections present. Cystidia absent. Hymenophoral trama parallel and consisting of long (> 2000 um), 
tubular, aseptate, hyaline elements 5—13.5 um diameter, tapered at the ends adjacent to the lamellae margins; 
lactifers present as highly refractive, thin-walled, often contorted hyphae, 2.5-4 um diameter, interwoven 
amongst the tramal elements. Pileipellis an ixocutis of hyaline, thin-walled, clamped hyphae, 2.5-8.5 (-16.5) 
um diameter. 

Habitat: gregarious in litter or amongst moss in Eucalyptus diversicolor (karri) forest with Trymalium 
floribundum understorey. 



Plate 1. Hygrocybe austrolutea basidiomes. 

Plate 2. Hygrocybe firma basidiomes. 

Material studied: Stirling Road near Pemberton, 34°2632"S, 1 1 6 W E , 9 May 1998, R.M.Robinson (RR 111 
WA) (PERTH 05344034; BRI). 

Remarks: The Western Australian material differs very slightly from the holotype collection in that occasional 
cylindrical spores are slightly constricted. The presence of slight spore constrictions is not considered a 
significant variation because other taxa are also known to produce similar spore variations (e.g. Hygrocybe 



cantharellus, Boertmann 1995). Both the holotype and the Western Australian material have been collected 
from either tall woodland or forest dominated by species of Eucalyptus and further collections are expected 
from similar locations in eastern Australia. 

Hygrocybe firma (Berk. & Broome) Singer, Sydowia 11, 355 (1957). Hygrophorus firmus Berk. & Broome, 
J. Linn. Soc, Bot. 11, 563 (1871). Type: Sri Lanka. Peradeniya, Jan. 1869, H.K. Thwaites (Thwaites 880) 
(holotype K, n.v.). 

Figure 2 A, B, C, D; plate 2. 

Pileus 12-30 mm, at first convex with involute margin but soon applanate or upturned with broad central 
depression, uniformly crimson, orange-red or yellowish orange, dry, smooth. Lamellae pale yellow, decurrent, 
thick, subdistant, margins concolorous. Stipe 30-40 X 2-3 mm, concolorous with pileus but may be more orange 
or yellow, smooth, dry, hollow near apex, cylindrical or tapered and narrowing at the base. Spore deposit white. 

Chemical test: 15% KOH solution, pileus and stipe colours fade to yellow immediately. No reaction on the 
lamellae. 

Figure 1. Hygrocybe austrolutea, 
A spores, B basidia. 

Figure 2. Hygrocybe firma, A macrospores, B microspores, 
C macrobasidia, D microbasidia. 



Macrospores (11-) 12-15.5 (-16.5) x 9-11 (-12) um, mean 13.3 x 10 um, Q: 1.2-1.6, mean Q: 1.33, very 
broadly ovoid or ellipsoidal, hyaline, smooth, thin-walled; microspores 6-8.5 x 4-6 um, mean 7.3 x 4.9 um, Q: 
1.3-1.8, mean Q: 1.49, broadly ellipsoidal to subglobose, hyaline, thin-walled. Macrobasidia 60-71 x (8-) 12-
17 um, mean 64.8 x 14.1 um, Q: 3.9-5.4 (-7.2), mean Q: 4.61, 4-spored with scattered 2-spored macrobasidia 
present, broadly clavate, thin-walled, hyaline, clamped at the base; microbasidia 31-49 x 6-9.5 um, mean 39.7 
x 7.8 um, Q: 4-6 (-7.5), mean Q: 5.07, 4-spored, clavate, thin-walled, hyaline, clamped at the base. Cystidia 
absent. Hymenophoral trama regular and consisting of hyaline, thin-walled, clamped, subglobose, ellipsoidal or 
long-ellipsoidal, inflated elements 40-125 x 25-50 um. Pileipellis a disrupted cutis or approaching a weak 
trichoderm and consisting of hyaline, thin-walled, clamped, cylindrical elements, 2.5-12 um diameter. 

Habitat: gregarious amongst litter in rainforest, near Ficus sp. 

Material studied: Thomsons Spring near Kununurra, 15 February 1993, N.L.Bougher, s.n. (E 4827) 

Remarks: This Western Australian material corresponds very closely with the Sri Lankan material described by 
Pegler (1986) which has macrospores measuring 11-16 x 6-10 um, mean 14 x 8.5 um, Q: 1.64 and microspores 
measuring 6-8 x 4.5-6 um, mean 7 x 4.5 um, Q: 1.55. Corner (1936) described no less than 16 varieties of H. 
firma from Malaya and the combined spore lengths for all of these variations have a range of 12-25 um. 
(Similar details were not supplied for the microspores.) Corner's variations have not been widely used in later 
literature but the Western Australian material conforms to var. typica Corner. In later work (Horak 1990, Pegler 
1986) similar material is simply referred to H. firma. Pegler noted that Sri Lankan material is at first brilliant 
crimson but then fades to orange or yellow as does the Western Australian material. 

Hygrocybe pratensis (Pers.: Fr.) Murrill, Mycologia 6, 2 (1914). Agaricus pratensis Pers., Syn. Meth. Fung. 
304 (1801); Hygrophorus pratensis (Pers.: Fr.) Fr., Epicr. Syst. Mycol. 326 (1838); Camarophyllus pratensis 
(Pers.: Fr.) P. Kumm., Fiihr. Pilzk. 117 (1871); Cuphophyllus pratensis (Pers.: Fr.) Bon, Doc. Mycol. 14, 10 
(1984). Type: none designated. 

Figure 3 A, B; plate 3 (p. 77). 

Figure 3. Hygrocybe pratensis A spores, B basidia. 

Pileus 5-37 mm, convex or flattened campanulate becoming applanate or upturned and then sometimes with a 
slight central depression, bright orange (6A7) to rusty orange (7C8) becoming yellowish or apricot (4A6-5A6), 
smooth with occasional fibrils caused by drying, moist but not viscid and then becoming dry, margin often paler 
and at first incurved and may become serrate or crenate with maturity. Flesh thin, orange (5A5). Lamellae pale 
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orange-yellow or apricot (4A3, 5A3 or 6A3), decurrent, thick, distant, sometimes with interveins on the pileal 
undersurface, margins concolorous. Stipe 30-60 x 2-5 mm, apricot to bright orange (5A2-5A5), cylindrical but 
may be contorted and a small tapered, rooting base is sometimes present, smooth but usually with longitudinal 
fibrils, dry, sometimes apically hollow. Odour fungoid; taste pleasant to slightly sour. Spore deposit white. 

Chemical test: 15% KOH solution, reaction varied; none or may become slightly yellowish or deliquesce. 

Spores 6-8 (-9) x 4.5-6 (-6.5) um, mean 6.9 x 5.4 um, Q: 1.1-1.5 (-1.6), mean Q: 1.26, ellipsoidal, broadly 
ellipsoidal, obovoid or subglobose, hyaline, smooth, thin-walled. Basidia 35-60 x 6.5-8 um, mean 53.8 x 7.3 
um, Q: 6.3-8.5, mean Q: 7.33, long and slender clavate, thin-walled, hyaline, 4-spored with occasional 2-spored 
basidia intermixed, clamped at the base. Cystidia absent. Hymenophoral trama irregular, consisting of 
interwoven, cylindrical, hyaline, thin-walled, clamped, hyphal elements 17-100 x 2-6 um. Pileipellis a cutis 
consisting of interwoven hyphae which are thin-walled, hyaline (sometimes with minute pigment granules on 
the surface), clamped, 3.5-7 um diameter. 

Habitat: gregarious on soil amongst litter in forest dominated by Eucalyptus marginata (jarrah) and E. 
calophylla (marri). 

Material studied: Gleneagle, 25 June 1986, N. Bougher (E 6406); 25 km east of Dwellingup, Plavins Forest 
Block, Murray River Road, 26 June 1997, S. Bolsenbroek & M. Glen, s.n. (E 5891); same location as (E 5891), 
10 July 1997, M.Glen, s.n. (E 5909). 

Remarks: This material was identified as Hygrocybe pratensis but there is a close relationship between the 
Western Australian taxon and the newly described Hygrocybe austropratensis (Young 1999). The two taxa are 
separated readily, however, by both micro- and macro-characters. Hygrocybe austropratensis is characterised 
macroscopically by an abundant white, furfuraceous layer over the juvenile basidiomes and often inflated stipes 
which are absent from the Western Australian species. Microscopically, the spores of Hygrocybe 
austropratensis are subglobose rather than ellipsoidal and the basidia are longer and more slender, 53-69 x 6-8 
um, mean 62 x 6.8 um, Q: 6.6-10.2 (-12.6), mean Q: 9.2. The photograph and data from the Dwellingup 
collection (E 5909) was forwarded to Dr David Boertmann who commented that the Western Australian 
collection looked very much like the European Hygrocybe pratensis. The only slight difference appeared to be 
the spore measurements which were somewhat larger than the European material which he had found to 
measure (5-) 5.5-6.5 (-7.5) x (3.5-) 4-5 (-5.5) um. The specimens were also considered to be more slender 
than those depicted in Boertmann (1995), but were certainly within the variations encountered in Europe. The 
Western Australian material is easily separated from the New Zealand taxon Hygrocybe pratensis var. gracilis 
E. Horak as the latter has much smaller spores measuring 5-6.5 x 4-5 um and a distinctly umbonate pileus. 

The three Western Australian collections exhibit colours that range from orange to rust-orange or apricot. The 
material in collection E 6406 approaches the New Zealand var. gracilis as some of the basidiomes clearly show 
mature umbonate pilei, but amongst these are others which appear depressed and the spores of this collection 
measure 5.5-8 x 4.5-5.5 urn which is outside the required spore range of the New Zealand taxon. Both 
collections from near Dwellingup (E 5891 and E 5909) have ranges for spore size and Q which are almost 
identical; the only variation is that collection E 5909 has a mean spore size (7.4 x 5.7 um, mean Q: 1.30) which 
is slightly larger than that for E 5891 (6.8 x 4.8 um, mean Q: 1.42). Boertmann (1995) gives 1.2-1.4 as the 
range of spore mean Q for Hygrocybe pratensis, while Arnolds (1990) gives 1.35-1.5. The Western Australian 
collections are thus well within the ranges for the European taxon. The basidia of the three collections also 
exhibit a variation in size and range from 35-41 x 8-9 um (E 5891) to 49-60 x 7-8 um (E 5909). The material 
in collection E 6406 had basidia intermediate in size between these two extremes. Again, this correlates well 
with European material where the basidia are given as 40-55 x 5-6 um (Boertmann 1995) and 38-64 (-75) x 6 -
8.5 um (Arnolds 1990). 

Hygrophorus involutus G. Stev., Kew Bull. 16, 373 (1963). Type: New Zealand. Butterfly, 2 June 1958, G. 
Stevenson, Stevenson 1347 (holotype K). 

Figure 4 A, B, C; plate 4 (p. 77). 

Pileus 11-35 mm, convex to broadly convex or plane, creamy pale yellow, glutinous (thick coating on surface) 
but becoming dry if rain-washed, smooth, margins involute and with a covering of fine, white floccules. Flesh 
lemon-yellow, thin. Lamellae light yellow to orange-yellow, arcuate to decurrent, close, margins paler (white), 



with veins on lower lamellae faces and on the pileus undersurface. Stipe 37-65 x 2-5 mm, lime-yellow with 
light yellow, powdery covering, long, slender, hollow, with whitish floccules and water droplets at apex, base 
tapering downwards. 

Spores 6-8.5 (-9) x 3-5 um, mean 6.9 x 4.3 um, Q: 1.3-1.9 (-2.1), mean Q: 1.63, ellipsoidal, narrowly 
ellipsoidal to sublacrymoid, hyaline, smooth, thin-walled. Basidia 31-41 x 5-8 um, mean 36 x 6.1 um, Q: 3 .6-
7, mean Q: 5.27, 2- or 4-spored, clavate, hyaline, thin-walled, clamped at the base. Cheilocystidia and 
pleurocystidia absent. Hymenophoral trama 'regular' (see notes below) and consisting of hyaline, thin-walled, 
clamped, hyphal elements 3-15 um diameter. Pileipellis a well developed ixotrichoderm consisting of hyaline, 
thin-walled, clamped hyphae 2-6 um diameter; stipitipellis a weakly developed ixocutis consisting of hyaline, 
thin-walled, clamped hyphae 2-3 um diameter. Caulocystidia 37-90 x 2-5 um, hyphal, rounded at the apices or 
sometimes slightly swollen, cylindrical but may be sinuous, clamped at the base, abundant and often present in 
fascicles. 

Habitat: singly or gregarious in leaf litter under Eucalyptus diversicolor (karri) and Agonis flexuosa 
(peppermint). 

Material studied: Stirling Road near Pemberton, 34°26'32"S, 116°0'0"E, 5 July 1998, R.W. Hearne, (RR 159 
WA), (PERTH 05344182); Stirling Road near Pemberton, 34°26'32"S, 116 o0'0"E, 11 July 1998, R.M. Robinson, 
(RR 166 WA), (PERTH 05344158). 

Figure 4. Hygrocybe involutus A spores, B basidia, C caulocystidia. 

Remarks: The Western Australian material correlates almost perfectly with collections of this species from 
eastern Australia as regards all microcharacter shapes and dimensions. Any very minor variations are considered 
insignificant. Species of the genus Hygrophorus exhibit a divergent hymenophoral trama when fresh material is 
sectioned. The 'regular' trama is given here because the dried material that was examined clearly shows this 
character. During preservation by air drying, the divergent trama is distorted and becomes regular (parallel); 
rehydration does not restore the original divergent state. Young (2000) found that fresh material of Hygrophorus 
involutus from Tasmania did exhibit a weakly divergent hymenophoral trama. A similar weakly divergent 
structure may be expected when Western Australian fresh material is sectioned. 



The caulocystidia are abundant and cover the stem surface almost completely when the basidiomes are 
immature. The stipe description of Young & Wood (1997) indicated that the stipitipellis was an ixotrichoderm 
but this was an error caused by misinterpretation of the abundant caulocystidia which are embedded in drops of 
gluten at the apex of the stipe. The main part of the stipe is at most a weak ixocutis and the surface becomes 
pruinose with maturity. 

A recent collection by the first author has confirmed the presence of Hygrophorus involutus from subtropical 
rainforest in the Lamington National Park of south-eastern Queensland. The Australian geographical distribution 
of this taxon is now believed to be south from southern Queensland wherever suitable forest habitats exist and 
the latter may be subtropical rainforest, wet eucalypt forest or cool temperate rainforest. No Victorian 
collections have yet been seen, examined or confirmed as being Hygrophorus involutus, but the species is 
undoubtedly present in that State. The presence of Hygrophorus involutus in Western Australia suggests that the 
species may have had a wide southern distribution which became fragmented with the increasing aridity of the 
Australian continent and the resultant disappearance of the necessary forest habitats between the eastern and 
western sections of the land mass. This hypothesis would gain support if the species was found in appropriate 
forests in South Australia. 

[Note: The New Zealand holotype collection is cited as 'Butterfly' because this is how the herbarium collection 
held at Kew is so labelled and as this is the reference collection, these details cannot be changed. The location 
probably refers to Butterfly Creek in the East Harbour Regional Park of New Zealand, since this is one of the 
locations frequently visited by G. Stevenson during her work on the New Zealand fungi.] 
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Plate 4. Hygrocybe involutus basidiomes. 


