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Summary 
This report aims to bring to the attention of Lane Cove Council a summary background of: 
(a) the ecology of protected waxcaps (species in the family Hygrophoraceae),  
(b) the threats to waxcaps documented in overseas studies and  
(c) our original observation that an abnormal development referred to as ‘rosecomb’ is appearing in the      

protected species Hygrocybe reesiae found in Lane Cove Bushland Park (LCBP) and on the banks  
      of Stringybark Creek (Batten Reserve). 
 
The phenomenon of ‘rosecomb’ has been reported to occur in e.g., a cultivated mushroom species 
exposed to diesel vapour, kerosene, creosote, Lysol and other petroleum-derived chemicals.  The 
mechanism underlying rosecomb appears to be genetic instability coupled with an exogenous  
co-promoter such as diesel. The human analogy would be e.g., the teratogenic effects of thalidomide on 
fetal development. Products of diesel combustion are known to be carcinogenic for human beings.  
 
In a collaborative study with Dr Bettye Rees (UNSW) in 2009, DNA analyses of both normal and 
abnormal specimens of H. reesiae found no difference genetically - suggesting the rosecomb phenomenon 
in this waxcap species is epigenetic and not a mutation. 

We recommend Lane Cove Council arrange to have these creek waters tested/monitored specifically for 
contamination by products of petroleum including diesel, kerosene, creosote and lysol. A microbiological 
coliform-count could be undertaken to determine the extent of sewage contamination. If the waters are 
found to be heavily polluted then action should be taken to implement preventive measures, if possible – 
to protect the long-term viability of the extraordinary assemblage (now > 30 species) of LCBP waxcaps 
now ranked of international significance.     

Introduction 
Waxcaps are fungi belonging to the genus Hygrocybe. In Europe they are found in a variety of nutrient-
poor grasslands which are either grazed or mown. In North America they occur in woodlands. However, 
in Lane Cove Bushland Park (LCBP), they occur in a range of habitats e.g., soil, leaf mulch and moss in 
what can best be described as a warm-temperate wet sclerophyll forest.  It is evergreen, hygrophilous in 
character in the upper portion and rich in thick-stemmed lianes.  The vegetation is a mixture of open 
forest and rain-forest species, but not luxuriant.  In some sections as little as ten percent of the sunlight 
shining on the crown of the trees reaches the ground in the understorey.   
 
A water course runs the length of the LCBP from north to south, a tributary of Gore Creek which itself 
empties into Sydney Harbour at Gore Cove. It is fed by run-off rain water from a system of often steep-
sided ridges and gullies forming a ‘gallery forest’, where epiphytes are relatively common on many of the 
tree trunks. The north-south aspect of LCBP and its topography as well as the canopied ‘gallery forest’ 
are critical factors to help create optimal temperatures and humidity for waxcap fruiting in autumn and 
winter, when the sun is low. 
 
In the lower more open section of LCBP, grasses exist as ground cover amid the various species of 
eucalypt, angophora and coachwood.  Several different species of ground orchids abound here in the more 
sheltered sections. 
 
In January 1999, two applications were submitted by Ray & Elma Kearney, on behalf of the Sydney 
Fungal Studies Group Inc., to the Scientific Committee established under the NSW Threatened Species 
Conservation Act, 1995. 
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The first application, successfully sought a determination, legislated on 3 March 2000, to list the 
Hygrocybeae Community of LCBP, as a whole, as an Endangered Ecological Community.  
 
The 24 species listed were: 

Camarophyllopsis kearneyi Hygrocybe anomala var ianthinomarginata 
Hygrocybe astatogala Hygrocybe aurantiopallens 
Hygrocybe aurantipes Hygrocybe austropratensis 
Hygrocybe cantharellus Hygrocybe cheelii 
Hygrocybe chromolimonea Hygrocybe erythrocala 
Hygrocybe graminicolor Hygrocybe helicoides 
Hygrocybe involutus Hygrocybe irrigata 
Hygrocybe kula Hygrocybe lanecovensis 
Hygrocybe lewellinae Hygrocybe mavis 
Hygrocybe miniata Hygrocybe reesiae 
Hygrocybe sanguinocrenulata Hygrocybe stevensoniae 
Hygrocybe taekeri Hygrocybe virginea 

  
The second of the applications to the Scientific Committee, also successful, sought to nominate the nine 
taxa of Hygrocybeae (including Camarophyllopsis kearneyi) with holotypes described from LCBP, as 
Rare Native Species of LCBP within the meaning of Schedule I (endangered), Part I of the Threatened 
Species Conservation Act, 1995.   Five of these were classified as Endangered (*) and four as Vulnerable 
(**). LCBP is the holotype (first record) site for Hygrocybe aurantipes**, Hygrocybe austropratensis*, 
Hygrocybe lanecovensis*, Hygrocybe anomala var. ianthinomarginata**, Camarophyllopsis kearneyi* 
and Hygrocybe reesiae**.  
 
Subsequent to this preliminary listing, three further species have also been added, all as holotypes 
described from LCBP: 
 
Hygrocybe collucera* (A.M. Young, R. & E. Kearney) 
Hygrocybe griseoramosa* (A.M. Young, R. & E. Kearney)  
Hygrocybe rubronivea** (A.M. Young) 
 
Thus, a total of 27 species were recorded for this fungal assemblage listed in 2000. 
 

 
 
Poster (above) illustrates the nine holotype (new) species listed as either ‘endangered’ or ‘vulnerable’. 
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However, since then an additional eight species have been recorded (See photo below) including five new 
undescribed species of Hygrocybe and the following: 
 
Hygrocybe arcohastata  
Hygrocybe  viscidibrunnea 
Hygrocybe bolensis  
 

 
 
 
This effectively brings the total to 35 species which, according to the following Table ranks LCBP of 
INTERNATIONAL significance and illustrates why data collected over 10 years provides a 
comprehensive picture of the mycota for a given site. 
 
 
Table:  Conservation Importance of Waxcap sites. Rald (1985) / Vesterholt et al. (1999) 
 
Conservation Value        Total Hygrocybe taxa          Number of taxa in a single visit 
 
International importance                      22+                                          15+  
 
National importance                             17-21                                       11-14  
 
Regional importance                              9-16                                         6-10  
 
Local importance                                   4-8                                            3-5  
 
No importance                             1-3                                           1-2  11 
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Waxcap Habitats 
‘Waxcaps’ is the common name previously given to fungi of the genus Hygrocybe within the Family 
Hygrophoraceae which now includes four Genera: Hygrocybe, Hygrophorus, Humidicutis and 
Camarophyllopsis. The common name refers to the fact that many species are at least partly waxy, moist  
or slimy. Another feature is that some species are brightly coloured, often yellow, orange or red, although 
there are also several duller brown and grey species. In Britain and Europe, they are found in nutrient-
poor, semi-improved grasslands and dune systems around dams. In Australia by far the majority are 
found in rainforests, wet sclerophyll bush and a few different species in suburban grass verges on 
footpaths (e.g., Henley St.) and in buffalo-grass lawn of cemeteries (e.g., Macquarie Park). 

Due to the erratic nature of fruiting-body production and great variations between years, it is necessary to 
make multiple visits to a site throughout the season and over several years to establish a full list of 
waxcap species for a site. Such has been undertaken by us for the LCBP. As members of the Sydney 
Fungal Studies Group Inc., who undertake fungal surveys in the Greater Sydney Region, we have records 
of fungi found from field studies undertaken at e.g., Mt Wilson, Coachwood Glen, Terrace Falls, 
Sassafras Gully, Lithgow forests, Mill Creek, Bola Creek, Ourimbah, Boronia Park, Robertson Reserve 
and Minnamurra Falls Rainforest. Whilst some species of waxcaps in LCBP are to be found in these field 
studies, there is no other habitat site that compares with the exceptional number of species in the 
assemblage found in LCBP. 
 
Waxcap Ecology 
Many aspects of the ecology of waxcaps are still poorly known. Only a couple of overseas species have 
been cultured artificially from spores. Polysaccharides derived from the mycelium of these cultured 
species have potent anti-tumour properties. 
http://healing-mushrooms.net/archives/hygrocybe-marchii.html 
http://healing-mushrooms.net/archives/hygrocybe-conica.html 
 
Most of our knowledge comes from the recording of the fruiting bodies (carpophores), which appear 
mostly in autumn and winter, peaking late June to mid-July in the LCBP. The majority of the fungal 
organism is the underground mycelium, which is difficult to study. Reports from colleagues in Cardiff, 
Wales confirm the mycelium can be extensive and possibly very long-lived. It is not known what it feeds 
on although it is thought to be dead organic matter. Unlike some mushrooms, waxcaps do not grow on 
dead wood. 
  
In LCBP, some species of waxcaps frequently are found in areas of mosses although the nature of any 
association between the fungi and the mosses is not understood. All the species of waxcaps from LCBP 
produce white spores, despite the colour of the fruiting structure.  
 
The correct conditions for inducing spores to germinate have yet to be established for the waxcaps in 
LCBP. We suspect that they may need to be processed in the gut of some fungus-feeding insect or larvae 
for spore germination. 
 
It is not known how long the mycelium lives or takes to develop before fruiting or what triggers fruiting. 
Evans (2004) suggested that perhaps some of the rare species may not be rare but simply fruit more 
rarely. Evidence from DNA studies also suggests a poor correlation between fruiting bodies and the 
mycelia (Griffith, Bratton & Easton, 2004). 
 
In our experience, the same species will predictably fruit (after rain) in the same location, seasonally, each 
year, but the number of fruiting structures varies annually. Indeed, for some species, e.g., Hygrocybe 
lanecovensis, they have not been seen for more than three years and their absence is thought to be due to 
the lack of rainfall of consecutive drought conditions, rather than temperature, on the mycelium. 
 
Again, in our experience, neither controlled back-burns nor bushfires appears to affect fruiting of 
waxcaps. These observations were made after a back-burn in LCBP (2004 – see photos below), after 1994  
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fires in ‘Fairyland’ (LC National Park), Bola Creek in Royal National Park and various study sites in the 
Blue Mountains ravaged by bushfires.  
 

 
 

 
 
Threats: 
In Australia, there have been no formal studies of the nature of ‘threats’ on species of waxcaps found 
here. Most species of waxcaps in Australia were documented by Dr A. M. Young only in 2005 in ‘Fungi 
of Australia: Hygrophoraceae’. Therefore, overseas experience is our only guide (with qualifications) to 
waxcap threats. 
 
Overseas (e.g., Cardiff), the presence of waxcaps in grassland is a marker for low air/soil pollution. The 
greatest documented threats are three-fold: 
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 1. loss of semi-improved grassland through development. 
  
 2. seeding and application of chemical fertilisers or pesticides as well as ploughing 

 
             3. abandonment leading to colonisation by weeds and scrub. 
 
Again, overseas, the conservation of waxcaps grassland is dependent on maintaining the low nutrient 
status of the grassland. Low soil fertility is correlated with high fungal diversity. Inputs of fertilisers such 
as nitrogen reduce the species richness of grassland fungi. The other key management requirement is the 
maintenance of short turf through either grazing or mowing. Many of the better waxcap sites in Cardiff 
are horse-grazed pastures.  
 
It is noteworthy that LCBP was formerly ‘Kelly’s Flat’ where cattle grazing on grassland was its former 
use and may have been critical in establishing the conditions for its current waxcap assemblage.  
 
Overseas experience shows that for a given species of waxcap in grassland, shading from trees is a threat. 
- “The site for the UK Bute Park Arboretum species Date-coloured Waxcap H .spadicea is threatened 
by shading from the trees in the Arboretum, with new planting having occurred in 2002. Attempts to 
secure the area as open grassland have so far not been successful.” 
 
Watling (1984) has suggested that Hygrocybe spp. originally evolved in grassy woodland glades and that 
historic deforestation (in Britain and Europe) and agriculture has in effect expanded the habitat of these 
fungi. If this is true, then the assemblage in LCBP assumes even greater importance i.e., the assemblage is 
consistent with a more ‘primitive’ woodland glade adaptation rather than that of grassland – and largely 
predates the widespread use of inorganic fertilizers, pesticides and other chemicals. 
 
Overseas experience has found that after ground disturbance (e.g., ploughing) species such as H. virginea 
(found also in LCBP) and H. conica reappear after c.10 years but that more sensitive species (e.g., H. 
splendidissima) may not reappear for >30years.  
 
The effect of inorganic fertilizers on fruit body production is known to be immediate, but it is not known 
how well the mycelium can withstand such toxicity. In the LCBP, the sewage contamination of the creek 
will lead to high nutrients which are positively detrimental along with chemical contaminants in sewage. 
 

 
 
Photo – Illustrates sewage spilling from blocked sewer main into the tributary of Gore Creek in LCBP. 
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In the UK another consistent feature of habitats in which waxcaps occur is the presence of moss cover. 
This is also noted for some species found in LCBP (e.g., H. graminicolor, H. erythrocala and H. reesiae). 
 
An application of ammonium nitrate fertilizer is reported will cause a 4-fold reduction in fruit body 
production as will the pesticide Dursban. This is in contrast to other mushroom species e.g. Psilocybe sp 
which can fruit in abundance in the presence of pesticides.  
 
Studies also found chemicals that affected moss (Rhytidiadelphus squarrosus) also affected waxcaps 
associated with the moss. 
 
Lime or calcium carbonate completely inhibits the fruiting development of waxcaps. However, significant 
increase in fruiting may take place 3-5 years after a single application of lime. In general, while some 
species of different woodland fungi can be inhibited others may be spectacularly stimulated. 
 
As already mentioned, the abundance of a waxcap species can only be inferred from the occurrence of 
fruit bodies and that some rare species (e.g., at the limits of their ecological range) may only fruit 
occasionally. When above-ground fruit abundance is compared to mycelium biomass below ground, using  
Polymerase Chain Reaction (PCR) analysis, studies overseas consistently show the correlation to that 
above and below the ground is poor. Thus species whose fruit bodies are only very sparsely recorded can 
be widespread below ground. 
 
All current knowledge of the ecology of waxcap fungi is based on field observations of their fruit bodies 
while little information is known of the underground mycelium. This is largely due to the failure to grow 
the mycelium artificially by inoculating waxcap spores on defined laboratory media – suggesting 
undefined nutritional fastidiousness. 
 
The upshot of these various problems is a picture of waxcap ecology from disparate evidence. Recent 
overseas data indicate the waxcaps are humic saprotrophs where nitrogen-enrichment, e.g., urea, as in 
fertilizers, is a growth inhibitor. This suggests that their optimum survival in nitrogen-poor soil is met by 
having biochemical mechanisms that allow them to access nitrogen from organic humus. Any addition of 
nitrogen then is toxic that may favour a shift in balance between the soil bacteria and fungal mycelium.  
 
Waxcaps as with most fungi and other soil organisms are affected primarily by soil-nutrient status and not 
directly by plant-community structure. Nevertheless, microclimatic conditions that could affect fruiting,  
are most unlikely to affect the underlying mycelium. Reports also indicate that fruiting is likely to be 
increased when a sward (green turf or grassy surface of land) is kept less than 10cm in height. Waxcaps 
do not like being enshrouded with tall grass or weed vegetation (e.g., ‘trad’). 
 
Overseas reports indicate that the type of grazing animal (rabbit/sheep/cow) is not a factor in waxcap 
diversity. However, creatures that burrow and disturb the soil are damaging such as ants. 
 
Another factor found to be damaging is trampling by people or grazing animals by inhibiting the fruiting, 
by up to 50%, presumably through damage of the fruit-body primordial rather than through soil 
compaction. 
 
When considering restoration of habitat, we simply do not know whether re-colonisation involves 
incoming airborne spores or re-growth from residual patches of mycelium. Our attempts to ‘transplant’ 
waxcaps either by fruiting structures or by spores have uniformly failed. Overseas research is underway to 
determine if removing a block (approx 30cm x 30cm x 15cm deep) including the fruiting structure can be 
transplanted successfully.   
 
To date, there is no report of a mycorrhizal association between waxcaps and vascular plants. 
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Abnormal changes in species of waxcaps in LCBP 
Over the past few years, we have recorded for the first time abnormal changes in different species of 
waxcaps found in the LCBP, Stringybark Creek (Batten Reserve) and in Boronia Park. This report will 
comment on only one of these changes i.e., the phenomenon known as ‘rosecomb’. 
 
Rosecomb refers to the distortions, lumps and gross malformations that occur on mushrooms. Records of 
rosecomb were reported in 1881. See examples below. Often gills are present on the top leading to the 
name rosecomb. In 1930 Lambert found rosecomb could be induced by such materials as kerosene, 
creosote and diesel oil. In 1983, rosecomb was confirmed for a cultivated mushroom to be due to 
contamination of the substrate with oil, diesel or distillate fumes. Lysol has also been implicated. 
 
 

William Phillips
Transactions of the 

Woolhope Naturalists Field Club 
1881-2

Fungal Teratology

 
 
 
The following is a copy of the 1983 extract reporting the cause of ‘rosecomb’ in a cultivated mushroom. 
 

ABSTRACT 
Flegg, P.B., 1983. Response of the sporophores of the cultivated mushroom (Agaricus 
bisporus) to volatile substances. Scientia Hortic., 21: 301--310. 
Propylene had no observable effect on the morphology, growth and yield of the mushroom. 
Acetone, ethanol, ethyl acetate, acetaldehyde and acetic acid, when vaporised into the air, had 
little or no effect on fruiting and yield, but some encouraged the development of brown spots and 
stained areas on the caps of the sporophores. Apparently associated with the discolouration 
resulting from exposure to vapour was a mould, or moulds, gowing over the surface of the casing, 
sometimes profusely. From one sample of discolcoured sporophores, a Penicillium sp. was 
isolated from the stained areas. 
Gaseous formaldehyde tended to reduce the number of sporophores harvested and 1.25% 
formaldehyde solution watered onto the casing delayed fruiting, reduced yield and caused severe 
cracking of the sporophore caps. Toluene and xylene vapour reduced the number and weight of 
sporophores harvested. 
Diesel-oil vapour delayed and reduced sporophore production and also gave rise to distorted gill 
development (rosecomb) only when the sporophores, 2-10 mm in diameter, were exposed to  
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diesel fumes. Mixing diesel oil into the casing at 5 ml /kg (5 1itres /tonne) did not delay fruitbody 
initiation, but all the sporophores died before reaching 10 mm in diameter. Subsequent attempts 
to produce gill distortion with hydrocarbons known to be constituents of diesel oil, such as 
hexane, decane, tetradecane and hexadecane, were unsuccessful. 
The mushroom is sensitive to certain chemicals, and the response is progressive depending on the 
severity and duration of exposure. 
 

http://www.americanmushroom.org/bestpractices_IPM_Stem.htm 
 
http://sbli.ls.manchester.ac.uk/fungi/21st_Century_Guidebook_to_Fungi/REPRINT_collection/Chiu_etal
_Volvariella_polymorphism.pdf 
 
Rosecomb in Hygrocybe reesiae 
The following photos taken by us illustrate normal fruiting and ‘rosecomb’ in the waxcap species 
Hygrocybe reesiae in LCBP. Hygrocybe reesiae is a holotype species listed as ‘vulnerable’ by the 
Scientific Committee. Specimens of Hygrocybe reesiae found on the bank of Stringybark Creek were 
similarly affected.  
 

 
 
Photo (above) – Normal fruiting structures of Hygrocybe reesiae in LCBP 
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Photos - Abnormal changes (Rosecomb – fungal teratology) in Hygrocybe reesiae at LCBP  
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Photo - Rosecomb in Hygrocybe reesiae from LCBP 
 
 

 
 
Photo - illustrates that the abnormal gills do produce spore prints similar to the outer normal gills. The 
viability of the different spores could not be established because spores of waxcaps have not been 
cultured.  
 
 
 
 
 
 
 
 
 



 12

Normal and abnormal gills of H. reesiae

Abnormal gills

Normal

 

 
 
Photo – a colony of normal and abnormal (rosecomb) Hygrocybe reesiae in LCBP 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 
DNA analysis 
To rule out a genetic change, a collaborative study with Dr Bettye Rees (School of Biological Sciences 
UNSW) was undertaken in 2009 when normal and abnormal specimens were subject to DNA analysis by 
colleagues at the Royal Botanic Gardens. The results showed the DNA analyses for both the normal and 
abnormal specimens of H .reesiae were identical. This implies that the effect of rosecomb is due not to a 
genetic change or mutation but that an epigenetic factor(s) e.g., exposure to petroleum chemicals, is 
involved. 
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Probable mechanism of rosecomb 
Development of mushrooms is driven by genetic and epigenetic factors in a continuous interaction with 
the environment. Researchers have assumed that each successive stage of morphogenesis depends on 
specific sets of signals arising at the appropriate time and place during the growth process. Morphogenetic 
dynamism proceeds in a time dimension through a cascade of signal-effect associations. 
 
Developmental errors may occur when such signals originate in the wrong place and/or at the wrong time. 
As a result various abnormalities can develop and morphogenesis can be severely disturbed. Both 
endogenous genetic disturbances and exogenous factors can cause developmental errors.  
 
Rosecomb disease of Agaricus bisporus is believed to result from endogenous genetic instability where 
exposure to diesel fumes is a promoting co-factor – but not aetiological (Umar, M. H. & Van Griensven, 
L. J., 1999). 
 
Therefore, whilst rosecomb in H. reesiae is not a genetic mutation, research indicates that with other 
mushrooms genetic instability coupled with an exogenous factor such as diesel fumes can induce changes 
in morphogenesis. Our observations indicate this morphogenic change occurs late in the development of 
the fruiting structure, as young specimens (photo below) generally fail to show rosecomb changes. 
 

 
 
Photo - Immature H. reesiae fruiting structures with fewer rosecomb abnormalities (LCBP).  
 
In both LCBP and on the banks of Stringybark Creek where rosecomb in H. reesiae has been recorded by 
us, the creeks are heavily polluted, chemically and microbiologically. In addition, in both areas where  
H. reesiae is affected the odour of sewage from nearby sewage-tunnel vents is ever-present. Both areas 
are likely to receive run-off rainwater from busy roads, contaminated with products of petroleum, in the 
precinct.  

We also have records of industrial pollution in the upper Gore Creek tributary of LCBP that appeared to 
be illegally dumped paint/solvent allegedly from a panel beating workshop. In addition, laundry run-off 
has also been recorded draining from residentials at the perimeter of LCBP. Surcharging of sewage from 
inspection ports has been a problem in the past due to blocked sewerage mains. However, since they were 
relined, surcharging has not been observed by us recently.  
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Recommendation  
Based on evidence that mushroom ‘rosecomb’ is linked to exposure to petroleum-based chemicals, we 
believe it would be important if Lane Cove Council could arrange to have the creek waters in LCBP and  
Batten Reserve tested specifically for contamination by products of petroleum including diesel, kerosene, 
creosote and lysol. A microbiological coliform-count could be undertaken to determine the extent of 
sewage contamination. If the waters are found to be heavily polluted then action should follow to 
implement preventive measures, if possible – to protect the long-term viability of the extraordinary 
assemblage of LCBP waxcaps, now of international significance.   
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