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_________________________________________________________________________________________ 

Abstract: Borneo is one of the biodiversity hotspots of the world, but its limestone caves are one 

of its least studied ecosystems. Studies of the cave mycobiota of Sabah is essentially non-

existent. In this study, speleothem (n = 4), cavern water (n =4), and bat guano (n = 4) samples 

were collected and studied for their fungal diversity and abundance. Opportunistic sampling was 

utilized and the dilution method was performed during isolation. Fifty-five culturable fungi were 

isolated of which 32 species from 15 genera, nine orders, and two phyla were observed. 

Morphological characterization and molecular analysis of the ITS gene region were utilized for 

identification of the isolates. The average fungal abundance count for speleothem samples were 

229.3 CFU/cm2, cavern water was 335.0 CFU/ml, and bat guano was 6266.7 CFU/g. Simpson 

and Shannon diversity indices indicated that speleothem samples had the highest fungal diversity, 

followed by bat guano, and cavern water. Speleothem also resulted in the most pure isolates 

(n=23) and distinct fungal taxa (n=19). Ascomycetes dominated the fungal composition of all 

sample types, accounting for 53 out of 55 total isolates. The remaining two isolates were both 

Basidiomycetes. The most abundant genera recovered from cave samples was Penicillium, but 

Aspergillus spp. had the highest occurrence as they were isolated from all samples except for one. 

Purpureocillium lilacinum was the species with the highest occurrence, appearing in five separate 

samples from all three substrate types. This study serves to produce baseline data useful for 

further research on the mycoflora of Sabah’s various ecosystems. We urge that visitors should be 

more aware of the potential risks and disturbance they cause to microbial communities when 

entering cave environments. 

Keywords: Mycology, Ecology, Speleology 

_________________________________________________________________________ 

1. Introduction 

Caves are unique ecosystems that are underexplored in Borneo with regards to its 

microorganisms, especially the role of fungi. Distinct from the external environment, caves are 

dark, relatively cool, humid, and nutrient-limited by nature (Gabriel and Northup, 2013; Zhang et 

al., 2017; Zhang et al., 2018). The lack of photosynthetic organisms influences the oligotrophic 

nature of the cave, which in turn influences its mycofloral diversity (Gunde-Cimerman et al., 

1998; Hose et al., 2000; Barton and Jurado, 2007; Kuzmina et al., 2012; Ogórek et al., 2013; 

Gabriel and Northup, 2013). Fungi are some of the most dominant organisms in caves due to the 

high rate of spore dissemination, colonization capability in various substrates, and tolerance to a 

wide range of pH values (Nováková, 2009; Bastian et al., 2010; Wang et al., 2010; Ogórek et al., 

2013). Over 1150 species of fungi have been recorded from caves throughout the world, in which 

most are Ascomycota, followed by Basidiomycota and Zygomycota at lesser rates (Vanderwolf et 

al., 2013). While many if the fungi isolated from caves are ubiquitous and likely stem from the 

external environment, some suspected obligate troglobitic fungi have been reported, such as 
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Acaulium caviariforme, Aspergillus baecitus, and Aspergillus thesauricus. Although, whether 

there are any true obligate troglobitic fungi is still up for debate. It is estimated that only 3-8% of 

all fungi have been identified and described and that an overwhelming majority of extant fungi 

are yet to be discovered (Hawksworth and Lücking, 2017).  

Fungi play vital roles in the ecosystems they inhabit, whether as saprophytes, symbionts, 

parasites, or food sources (Bastian et al., 2010; Araújo and Hughes, 2016). Mycoses are rapidly 

becoming one of the leading threats to wildlife as numerous epidemics have been reported all 

over the world, including in tropical regions due to its warm and humid climates (Jurado et al., 

2010; Hsu et al., 2012; Fisher et al., 2012). Histoplasmosis is a potentially deadly mammalian 

disease caused by Histoplasma capsulatum and are common in soil enriched with bat guano, and 

it has been recorded from Malaysian cave environments (Ponnampalam, 1963). 

Pseudogymnoascus destructans, the causal agent of White-nose syndrome (WNS) in bats 

(Puechmaille et al., 2011), Batrachochytrium dendrobatidis, the causal agent of chytridiomycosis 

in amphibians (Fisher et al., 2009), and Ophodiomyces ophiodiicola, the causal agent of Snake 

fungal disease (Lorch et al., 2016), are all severe, and often fatal, skin related infections widely 

distributed in the continents they exist in. These pathogenic fungi are able to infect a broad range 

of species, and they are likely able to persist on abiotic substrates long enough to increase 

likelihood of successful dispersal to other regions and infect novel host populations (Eskew and 

Todd, 2013; Lorch et al., 2016). While there are no recorded cases of these deletrious fungi in 

Sabah, research on microfungi in this region is extremely scant. 

Cave fungi have been isolated from many substrates and reservoirs, including sediment, wall, 

speleothem, guano, water, air, and various fauna (Jurado et al., 2008; Vanderwolf et al., 2013). 

Endolithic growth of lithobiontic fungi can biologically weather rock surfaces and can help 

stabilize and preserve rock surface morphology (Hoppert et al., 2004). Fusarium spp. are able to 

biogenically weather concrete and produce calcium organic complexes. Also, it has been shown 

that entomogenous fungal spores can colonize and grow on any rock surface that has even minute 

traces of carbon (Wainwright et al., 1993; Barton & Jurado, 2007). Cavern water movement 

indirectly affect cave mycoflora in various capacities and have been sampled for fungal isolation 

(Cunningham et al., 1995; Vanderwolf et al., 2013). Non-native fungal species and organic 

material may be introduced into the cave via water movement in and out of the caves as well as 

vertical filtration of rainwater from the soil above the cave itself (Dupont et al., 2007; Ikner et al., 

2007). Wet surfaces are also less conducive for fungal spore dispersal in caves compared to dry 

periods due to the differences in surface adhesion (Jones and Harrison, 2004). The moist nature, 

stable temperatures, and abundance of nutrients in bat guano makes it one of the most dominant 

fungal substrate in caves, as it can serve as its own micro-ecosystem (Paulson, 1972; Nieves-

Rivera et al., 2009).  

Subterranean ecosystems are interesting as they can be a source of organisms that have adapted to 

tolerate relatively unfavorable life conditions, including fungi (Ogórek et al., 2017). There is 

great potential for fungi, especially undiscovered species, to contribute to industry due to their 

enzymatic properties (Niehaus et al., 1999). This study is the first of its kind in Madai Cave, and 

establishing baseline data can work to propel further ecological research and industrial 

application with regards to fungi studies in Borneo.  

2. Materials and Methods 

2.1 Site description 

Madai Cave, Baturong Madai Forest Reserve, Class VI (Virgin Forest), Kunak, Sabah 

(4°41'10.01”N, 118°15'4.12"E) was visited on 28-29 November, 2017 (Fig. 1). A small village is 

located immediately outside of the cave entrance, and there are two main chambers of the cave. 
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The first one has an entrance at the ground level, which is where the sampling for this study took 

place. A second chamber is located a short hike up the limestone hill, past some ancient burial 

sites. The air temperature in the cave on the day of sampling fluctuated around 26 
o
C, and rose to 

around 29 
o
C near the cave entrance. The air humidity ranged between 92 to 100%. The cave 

itself is open to the public during the offseason for swiftlet nest harvesting, often visited by large 

groups of foreigners and locals alike. 

 

    

    

Figure 1: Madai Cave. A. Cave entrance. B. Researcher collecting guano sample. C. Speleothem. D. Guano 

pile. E. Cave stream deep in the cave. F. Village children playing near the cave entrance. G. Visible graffiti on 

cave wall. H. Land use for palm oil surrounding Baturong Madai Forest Reserve. 

 

2.2 Sampling and Identification 

Opportunistic sampling of speleothem, cavern water, and bat guano was utilized, in which four 

samples of each substrate were acquired from different parts of the cave. All samples were 

collected in triplicate. Speleothem were sampled using the swab method (Ikner et al., 2007; 

Vaughan et al., 2011). Guano samples (10 g) were collected using sterile sample tubes and 

capped and sealed (Nieves-Rivera et al., 2003). Ten ml of cavern water were also collected and 

sealed in sterile sample tubes. All samples were chilled in ice (<4 
o
C) until transported to the 

laboratory. 

In the laboratory, samples were placed in Petri dishes onto Potato Dextrose Agar (PDA) using 

serial dilution, which were incubated from 7-14 days at 25 ± 1 
o
C. The colonies that appeared on 

the medium were categorized by Morphological Taxonomic Units (MTU) and counted. Pure 

isolates were obtained using the three–point method before morphological and genetic analysis. 

Morphological identification were performed based on universal identification keys described by 

Raper and Fennell (1965), Klich (2002) and Domsch et al., (1980). 

DNA from fungi cultured on PDA were extracted using the E.Z.N.A. DNA Fungal Kit (Omega 

Bio-Tek, USA) using the manufacturer’s instructions. The internal transcribed spacer region of 

fungal rDNA was amplified using the primers ITS1 (5’-TCCGTAGGTGAACCTGCGG-3’) and 

ITS4 (5’-TCCTCCGCTTATTGATATGC-3’) (White et al., 1990). Polymerase chain reactions 

were performed in a Bio Rad T100 Thermal Cycler according to Ogórek et al. (2016). The PCR 

products were electrophoresed in a 1 % agarose gel for 30 mins, which was stained with gel red 

for visualization. The PCR products were purified using Colum-Pure PCR Clean-Up Kit (Applied 

Biological Materials, Inc.) according to manufacturer protocols and sequenced by MyTACG 

(Taiwan). 

 

A B C D 

E F G H 



 Proceeding: Langkawi International Multidisciplinary Academic Conference (LIMAC 2019)  

 (eISBN: 978-967-16859-4-5) 

Langkawi Seaview Hotel, Pulau Langkawi, MALAYSIA 
 

267 

 

2.3 Data Analysis 

BioEdit Sequence Alignment Editor was used for producing assembled ITS fungal sequences and 

subsequent analysis. Then, fungi were put through the BLASTn algorithm 

(http://www.ncbi.nlm.nih.gov/) which compared the obtained sequences with those deposited in 

the GenBank database.  

The obtained data from the serial dilution of fungal colonies cultured in Petri dishes were 

expressed as colony-forming units (CFU) per centimeter squared for speleothem surfaces, per 

milliliter for cavern water, and per gram for bat guano samples. This was done using the formula 

X = (a x p)/V, where “a” is the number of colonies, “V” is the inoculation aliquot volume, and “p” 

is the dilution factor. The abundance data was then used for diversity and evenness analysis for 

each substrate using PAST 3.10 software. Linear regression analysis (Ordinary Least Squares) on 

sample fungal abundance and occurrence data were tested against the distance from cave entrance 

to analyze any correlation, this was done using R software v 3.4.0. 

3.0 Results 

Altogether, a total of 55 pure isolates were obtained from four speleothem samples (n=23), four 

cavern water samples (n=15), and four bat guano samples in Madai Cave (n=17) (Table 1). The 

fungi were separated into 32 species, 15 genera, nine orders, and two phyla, namely Ascomycota 

and Basidiomycota. Only two out of 32 species were identified as Basiodiomycota, Ganoderma 

australe and Pyrrhoderma noxium. Out of the 55 isolates, 31 were corroborated by BLASTn 

results, which included 24 out of 32 total species identified (Table 2). All BLASTn results had 

Identity matches over 96.7%, except for Talaromyces flavus, which had and Identity match of 

92.2%. The fungus that had the most frequent occurrence was Purpureocillium lilacinum, which 

appeared from five different samples including all three substrates. However, the genus that was 

isolated most frequently was Aspergillus, making up 20 (36.4%) of the 55 total isolates and 

appeared from all samples collected except for one guano sample. Based on fungal abundance 

data, Penicillium spp. dominated fungal composition accounting for 48.9% of speleothem fungi, 

56.3% of cavern water fungi, and 47.1% of bat guano fungi (Fig. 2). 

Table 1: Average abundance of culturable fungi of Madai Cave, Sabah (CFU per unit sample). 

Sample 

(Distance 

from 

Entrance) 

Fungal Taxa Identification CFU/unit
a
 

 Fungal 

Taxa 

Sample 

Total 

Speleothem    x  = 229.3 

  S1 (1 m) Aspergillus sp. 3 Morphology 72.9 554.7 

 Aspergillus flavus Link Morphology 222.7  

 Penicillium paxilli Bainier Morphology 259.1  

  S2 (16 m) Aspergillus aculeatus Iizuka Morphology 4.4 381.3 

 Aspergillus flavus Morphology 44.9  

 Penicillium citrinum Thom Morphology 272.4  

 Plectosphaerella cucumerina (Lindf.) W. Gams DNA
b
 15.1  

 Trichoderma harzianum Rifai Morphology 44.4  

  S3 (55 m) Annulohypoxylon nitens (Ces.) Y.M. Ju, J.D. 

Rodgers, & H.M. Hsieh 

DNA 62.7 175.1 

 Aspergillus sp. 1 DNA 1.8  
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 Aspergillus europaeus Hubka, A. Nováková, 

Samson, Houbraken, Frisvad, M. Kolařík 

Morphology 4.4  

 Aspergillu niger Tiegh. DNA 0.9  

 Ganoderma australe (Fr.) Pat. DNA 49.8  

 Penicillium bilaiae Chalab. DNA 44.4  

 Purpureocillium lilacinum (Thom) Luangsa-ard, 

Houbraken, Hywel-Jones & Samson 

DNA 4.9  

 Talaromyces flavus (Klöcker) Stolk & Samson DNA 0.4  

 Trichoderma asperellum Samuels, Lieckf. & 

Nirenberg 

Morphology 1.3  

 Xylaria feejeensis (Berk.) Fr. DNA 4.4  

  S4 (75 m) Aspergillus sp. 2 Morphology 13.3 86.2 

 Aspergillus nomius Kurtzman, B.W. Horn & 

Hesselt. 

DNA 49.3  

 Penicillium citrinum Morphology 9.3  

 Purpureocillium lilacinum DNA 13.3  

 Trichoderma harzianum Morphology 0.9  

Cavern Water    x  = 335.0 

  W1 (3 m) Aspergillus japonicus Saito Morphology 25.6 744.4 

 Penicillium sp. 1 Morphology 716.7  

 Purpureocillium lilacinum DNA 2.2  

  W2 (17 m) Aspergillus aculeatus Morphology 3.3 488.9 

 Aspergillus flavus Morphology 17.8  

 Aspergillus sydowii (Bainier & Sartory) Thom & 

Church 

DNA 123.3  

 Purpureocillium lilacinum DNA 176.7  

 Pyrrhoderma noxium (Corner) L.W. Zhou & Y.C. 

Dai 

DNA 167.8  

  W3 (30 m) Aspergillus aculeatus Morphology 36.7 81.1 

 Aspergillus nomius DNA 13.3  

 Penicillium paxilli Morphology 30.0  

 Trichoderma harzianum Morphology 1.1  

  W4 (85 m) Aspergillus japonicus DNA 14.4 25.6 

 Penicillium citrinum DNA 7.8  

 Phaeosphaeriopsis sp. DNA 3.3  

Bat Guano    x  = 6266.7 

  G1 (26 m) Paecilomyces variotii Bainier Morphology 33.3 8,955.6 

 Penicillium paxilli Morphology 8,922.2  

  G2 (30 m) Annuhypoxylon nitens DNA 111.1 13,622.2 

 Aspergillus aculeatus DNA 1,122.2  

 Cladosporium cladosporioides (Fresen.) G.A. de DNA 111.1  
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Vries 

 Curvularia lunata (Wakker) Boedijn DNA 1,111.1  

 Penicillium simplicissimum (Oudem.) Thom DNA 2,877.8  

 Pochonia chlamydosporia (Goddard) Zare & W. 

Gams 

DNA 1,111.1  

 Talaromyces minioluteus (Dierckx) Samson, 

Yilmaz, Frisvad & Seifert 

DNA 5,944.4  

 Trichoderma paraviridescens Jaklitsch, Samuels 

& Voglmayr 

DNA 1,233.3  

 G3 (53 m) Aspergillus nomius DNA 1,111.1 1,111.1 

 G4 (75 m) Aspergillus sp. 1 DNA 1,122.2 1,377.8 

 Aspergillus niger Morphology 22.2  

 Paecilomyces variotii DNA 200.0  

 Penicillium sp. 2 Morphology 11.1  

 Purpureocillium lilacinum Morphology 11.1  

 Trichoderma asperellum DNA 11.1  

a
 CFU/cm2 for speleothem samples, CFU/ml for cavern water samples, and CFU/g for bat guano samples. 

b
 All molecular characterization is corroborated by morphological characterization. 

 

Table 2: Culturable cave fungi of Madai Cave, Sabah BLASTn (GenBank) analysis. 

Fungal Taxa Source 

Sample 

Temple Query 

Cover (%) 

Identities 

(%) 

E 

value 

Annulohypoxylon nitens  G2 KU684021 92% 99.3% 0.0 

Annulohypoxylon nitens  S3 FN252415 98% 99.0% 0.0 

Aspergillus sp. 1 G4 MK638758 100% 96.9% 0.0 

Aspergillus sp. 1 S3 MH517369 100% 96.9% 0.0 

Aspergillus aculeatus  G2 MK280716 100% 100.0% 0.0 

Aspergillus japonicus  W4 KF800630 100% 100.0% 0.0 

Aspergillus niger  S3 MK203789 100% 100.0% 0.0 

Aspergillus nomius G3 MH279416 99% 99.7% 0.0 

Aspergillus nomius S4 MH279388 99% 99.8% 0.0 

Aspergillus nomius W3 MH279387 100% 100.0% 0.0 

Aspergillus sydowii W2 KX674612 100% 100.0% 0.0 

Cladosporium cladosporioides G2 EF405864 99% 100.0% 0.0 

Curvularia lunata G2 JN116704 93% 100.0% 0.0 

Ganoderma australe S3 LC084692 94% 99.4% 0.0 

Paecilomyces variotii G4 FJ345354 99% 100.0% 0.0 

Penicillium bilaiae S3 LN901118 100% 96.7% 0.0 

Penicillium citrinum W4 GU566273 99% 99.5% 0.0 

Penicillium simplicissimum G2 HQ607866 99% 99.8% 0.0 
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Phaeosphaeriopsis sp. W4 KF800300 99% 99.5% 0.0 

Plectosphaerella cucumerina S2 EU326201 97% 99.5% 0.0 

Pochonia chlamydosporia G2 EU266591 97% 99.8% 0.0 

Purpureocillium lilacinum S3 KY951911 100% 99.7% 0.0 

Purpureocillium lilacinum S4 MH860675 99% 99.8% 0.0 

Purpureocillium lilacinum W1 MH860675 100% 99.7% 0.0 

Purpureocillium lilacinum W2 MH860675 99% 98.6% 0.0 

Pyrrhoderma noxium W2 KU194338 99% 98.5% 0.0 

Talaromyces flavus S3 MH857785 99% 92.2% 0.0 

Talaromyces minioluteus G2 MH857785 100% 99.5% 0.0 

Trichoderma asperellum G4 KY623504 99% 100.0% 0.0 

Trichoderma paraviridescens G2 MF782827 99% 99.8% 0.0 

Xylaria feejeensis S3 KY951907 99% 99.7% 0.0 

 

In speleothem samples, the average fungal abundance was 229.3 CFU cm
2–1

. The single isolate 

which had the highest abundance count from speleothem samples was Penicillium citrinum (S1) 

with 272.4 CFU cm
2–1

. The average fungal abundance of cavern water samples were 335.0 CFU 

ml
–1

, and Penicillium sp. 1 (W1) had the highest abundance for a single isolate with 716.7 CFU 

ml
–1

. In bat guano samples, the average fungal abundance was 6,266.7 CFU g
–1

, and the single 

isolate which had the highest abundance count was Penicillium paxilli (G1) with 8,922.2 CFU g
–

1
. Utilizing the fungal abundance data, diversity and linear regression analyses were performed 

for each substrate. Shannon and Simpson alpha diversity indices showed that speleothem samples 

had the most diverse fungal communities, followed by bat guano, and then cavern water (Table 

3). The Linear Regression analysis showed negative statistically significant relation (r
2
 = 0.0703, 

p < 0.05) between fungal abundance in speleothem and distance from cave entrance (Table 4; 

Fig. 3). However, no other statistically significant result was observed between the remaining 

fungal abundance of the occurrence data and their relationship with distance from cave entrance. 

 

Table 3: Diversity index scores based on abundance counts of all taxa isolated. 

Cave Sample Simpson (1-D) Shannon (H) Evenness (e
H
/S) 

 Madai Bat guano 0.7914 1.906 0.4205 

 Speleothem 0.8378 2.152 0.4526 

 Cavern water 0.6694 1.532 0.3855 

 

Table 4: Linear regression analysis (OLS method) correlating fungal occurrence and abundance with distance 

from cave entrance. 

Substrate Distance (m) Fungal occurrence Fungal abundance 

r
2
 y= p value r

2
 y= p value 

Speleothem 
6.3 – 28.7 0.7364 

0.075x + 

2.9949 
0.1419 0.9703 

-6.0631x 

+ 522.15 
0.0150* 

Cavern water 3.0 – 85.0 0.1305 -0.0096x + 0.6388 0.6654 -7.7769x 0.1843 
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4.0751 + 597.47 

Bat guano 
26.0 – 75.0 0.0033 

0.0084x + 

3.8632 
0.9422 0.7059 

-225.96x 

+ 16661 
0.1598 

* p-value for significance less than 0.05. 

 

4. Discussion and Conclusion  

Studies in limestones cave in Sabah have been limited to studies on its fauna, geology, or 

anthropogenic value. This is the first study on fungi in Madai Cave, as microbiology is often 

overlooked when studies are conducted in the cave ecosystem. Microorganisms are important in 

most ecosystems they are a part of mainly due to their role as decomposers, which makes them 

responsible for carbon cycling (Nielsen et al., 2011). In caves, microbes also act as food sources 

for invertebrates and act as parasites to cave insects (Vanderwolf et al., 2013). 

 

 

The phylum Ascomycota usually dominates the fungal composition of cave ecosystems, followed 

by Basidiomycota, Zygomycota, and others (Vanderwolf et al., 2013). Our results fell in line with 

previous fungal studies from cave ecosystems, as all but two pure isolates cultured were 

Ascomycota, especially with fungi in the genera Penicillium and Aspergillus being some of the 

most abundant fungi throughout all substrates. According to previous reviews on cave fungi, 

Annulohypoxylon nitens, Aspergillus aculeatus, A. europaeus, A. nomius, Ganoderma australe, 

Penicillium bilaiae, Pyrrhoderma noxium, Talaromyces minioluteus, Trichoderma asperellum, T.  

paraviridescens, and Xylaria feejeensis were discovered from cave samples worldwide for the 

first time in this study (Vanderwolf et al., 2013; Nováková et al., 2018).  Many fungi, especially 

microfungi, can only be identified for certain to the genus level when morphological analysis or 

only a single gene marker is used due to overlap in similarities of phenotypes and genotypes 

(Schoch et al., 2012). Thus, in this study the utilization of a combination of traditional 

morphological characterization and modern molecular analysis proved extremely useful for 

identification to the species level. 

Figure 2: The percentage fungi by genus isolated 

from Madai Cave contributing to the total 

abundance count in the different substrates. 

Figure 3: Scatterplot and regression line of 

the statistically significant outcome of linear 

regression analysis (OLS) for speleothem 

fungal abundance versus distance. 
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Madai Cave is infested with various invertebrates and act as roosting sites for fauna such as bats 

and swiftlets. Animals are known to harbour fungi and act as likely disseminators of fungal 

spores within caves, either as hosts, vectors, or cadavers (Vanderwolf et al., 2013; Nováková et 

al., 2018. Evidence shows that human traffic into caves causes contamination of indigenous 

fungal species by non-indigenous microorganisms and are also responsible for introducing 

nutrients into the cave (Shapiro and Pringle, 2010; Porca et al., 2011; Griffin et al., 2014). 

Increased human visitation is also correlated to lower levels of fungal diversity. It is hard to 

determine exactly how anthropogenic activity influences Madai Cave’s mycobiota, although 

evidence suggests that the fungal composition of this cave is likely to differ from less visited 

caves in Sabah. 

This study on Madai Cave’s mycobiome serves to develop baseline data to propel future research. 

Hitherto, due to the lack of effort and research on microfungi in Borneo, we are unaware of any 

deleterious fungal diseases towards the fauna and humans in Sabah’s limestone caves, but 

opportunistic fungal pathogens do exist in Malaysia, including some of the Aspergillus spp. 

isolated in this study (Velayuthan and Denning, 2016). Borneo, especially Sabah, has a strong 

ecotourism industry, and with growing environmental limitations due to global climate change, 

tourists and researchers should be aware to the potential risks cave fungi and emerging infectious 

fungal diseases can pose to humans and local fauna. Ongoing studies on fungi from various caves 

in Sabah is currently in progress. We urge more mycological studies and surveys to be conducted 

not only to better understand their tremendous ecological impacts, but their enormous biological 

and industrial potential. 
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