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Abstract. Nur ‘Aqilah MB, NurJannah S, Salleh S, Thi BK, Ahmad Fitri Z, Mohd Khairul Faizi M, Haja Maideen KM, Nizam MS. 2020. 

Title. Biodiversitas 21: 1707-1713. Fructification of macrofungi depends on two main factors, abiotic and biotic. In this study, the main 

focus is to determine the macrofungi composition and diversity as the effect of elevation and substrate. Macrofungi collection was 

conducted at three different elevations along the trails (Trail A, B, and C) of Gunung Korbu in July 2019. The sampling area was 

divided by ascent elevation from the Seroja Camp to the Rimba Gate (Trail A, 796 m above sea level[a.s.l]), the Seroja Camp to the 

Kijang Camp (Trail B, 1092 m a.s.l) and the Kijang Camp to the summit of Gunung Korbu (Trail C, 2183 m a.s.l). The collected 

macrofungi were photographed, described based on their macroscopic characters and any colour changes when bruising or chemicals 

reactions were recorded. In total 90 macrofungi specimens were in good condition belonging to 6 families from 13 genera, including the 

unidentified. About 93.33% (84 specimens) of the collections are saprotrophic fungi and six parasitic fungi. Trail B recorded the highest 

diversity index of 2.20 and 0.87 for Shannon Index and Simpson index, respectively. Non-metric multidimensional scaling ordinations 

showed a clear separation pattern of macrofungi community found in three different trails, with most of the specimens found in Trail B. 
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INTRODUCTION 

Macrofungi are known as macromycetes or larger fungi 

due to its visible fruiting bodies (sporocarps). The best-

known examples of macrofungi are the mushrooms, 

puffballs, bracket fungi, and toadstools. Macrofungi are 

categorised under the phylum Basidiomycota and a few 

members under Ascomycota. The tropical region 

undoubtedly hosts vast biodiversity. To date, more than 

93% of fungal species in the world are still unknown 

(Cannon et al. 2018) and in Malaysia particularly, reported 

about 70-80% of fungal species have yet to be discovered 

(Corner 1996; Lee et al. 1995). Interestingly, new species 

are still being identified in the tropics (Douanla-Meli et al. 

2007) thus, documenting tropical macrofungi diversity is 

crucial to compile the information. One of the alternatives 

ways of documenting macrofungi diversity is via foray 

activities. The main objectives of a foray activity varies, for 

economic (e.g, food, medicinal) (Tibuhwa 2013), and 

education purposes (i.e. scientific study) (Donatha 2013). 

In Peninsular Malaysia, foray is limited where the local are 

hunting on selected edible macrofungi species (Chang and 

Lee 2004) which easily found in rubber plantation or gelam 

(Melaleuca cajuputi) forest. However, foray in generally 

have not been adopted as one of Malaysia culture and this 

is may due to the limited and scares reports in publications 

(Chang and Lee 2004) on edible macrofungi and taxonomic 

experts (Hyde 2003) in identification.  

Furthermore, infrequent collection of macrofungi due to 

the growths pattern and their distribution are depends on 

several environmental factors. Among the factors, 

seasonality and year to year annual variation including 

precipitation and temperature are often show significance 

influence the macrofungi diversity (Lodge et al. 2004; Lee 

et al. 2002). For example, in Assam, India, the most 

collection of macrofungi is made during summer (18 

species) followed by autumn (13 species), rainy season (9 

species), spring (8 species) and winter (5 species) (Parveen 

et al. 2017). Natural castospshore in Tropical Pacific region 

for instance, Malaysia, faced monsoon season, where the 

macrofungi species grow abundantly (Zainuddin et al. 

2010) compared during the El Nino strikes, the chances to 

find macrofungi is lesser than usual. Besides, the degree of 

succession can be viewed in several perspectives such as 

succession of sporocarps production, and changes occur in 

the vegetation which indirectly alter the quality of the 

substratum are among the major contributor in shaping the 

macrofungi community composition (Lodge et al. 2004). In 

term of succession of sporocarps production on leaf litter, 

after certain species of Marasimus decomposed leaf litter, 

some Lepiota species able to grow (Hedger 1985). 

Malaysian forest classification was based on abiotic and 

biotic factors (Symington 1943; Wyatt-Smith 1964; Fox 

1978). Forests are classified as lowland and hill dipterocarp 

forest with an elevation below 1200 m, while at 1200 to 

1500 m, lower montane forests dominate. At 1800 m above 

sea level, the forest is known as upper montane forest and 
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mossy forest. Subalpine and alpine forests can be found at 

2900 m and 3500 m, respectively (Chan et al. 2019). 

Studies on the diversity of macrofungi in Malaysia in the 

highlands/ mountains were also recorded but not as often as 

those conducted in the lowlands. For example, in East 

Malaysia, Sarawak about 54 polypore fungal genera were 

collected from Lambir Hills National Park (Salleh et al. 

2016). Besides, diversity of macrofungi was also reported 

from Gunung Singai (Moi 2012) and Gunung Murud 

(Sepiah and Norhayati 2009), most of the macrofungi 

reported were belongs to poroid, agarics, and non-agarics. 

Meanwhile, in Peninsular Malaysia, the previous studies on 

mountain macrofungi were first reported by Chip (1921; as 

reported by Lee et al. 2012). In the Northern region of 

Peninsular Malaysia, especially Kedah, the microflora of 

four mountains have been explored (Kuthubutheen 1981; 

Noorlidah et al. 2005) while in the southern region, 

Gunung Angsi (Negeri Sembilan), Gunung Ophir 

(Melaka), Gunung Ledang (Johor) (Thi and Lee 2017), 

Gunung Panti (Johor), Gunung Lambak (Johor), and 

Gunung Pulai (Johor) are among the mountains where the 

inventories of macrofungi were conducted (as reported by 

Lee et al. 2012). Additionally, the Titiwangsa Range in 

Pahang has several collections of macrofungi covering 

various types of mountain vegetation from hill to montane 

forests documented from Cameron Highlands (Thi and Lee 

2011) and Fraser’s Hills (Thi and Lee 2010a; Thi et al. 

2011; Thi et al. in press); hill dipterocarps forest (Gunung 

Tahan), and limestone forests (Gunung Senyum (Thi and 

Lau 2012); Gunung Jebak Puyuh). It also reported new 

fungi records or new species might be found in the 

mountain area. For instant, five new species from mountain 

Oseo in Korea were recorded (Lee et al. 2014). 

The state of Perak has about twenty mountains, and the 

highest mountain is Gunung Korbu, 2182 m a.s.l. located in 

the Hulu Kinta Forest Reserve and reported as the second 

highest mountain in Peninsular Malaysia behind Gunung 

Tahan in Pahang. The vegetation of this mountains 

comprises of dipterocarp forests, upper dipterocarp forests, 

montane forests, and ericaceous forests (Chan et al. 2019). 

Strategically located within the Kinta Valley Geopark, 

Gunung Korbu is part of prerequisite site for biodiversity 

and geological heritage. In Perak, fungal biodiversity has 

been reported at Gunung Batu Putih (Chip 1921 as reported 

by Lee et al. 2012), but to date, fungal biodiversity has not 

been studied at Gunung Korbu. Thus, Gunung Korbu has 

been selected as the site to study the diversity of 

macrofungi in the mountain areas, and this study aimed to 

provide a list of macrofungi diversity in Gunung Korbu. 

The preliminary findings on the macrofungi collected from 

Gunung Korbu are presented in this paper. 

MATERIALS AND METHODS 

Study site 

A study of the macrofungi diversity had been carried 

out at Gunung Korbu (4° 41 ́N 101° 18 É) during the 

Gunung Korbu Scientific Expedition on 1st July to 4th July 

2019 organized by Department of Mineral and Geoscience 

Malaysia, Perak (Jabatan Mineral dan Geosains Malaysia, 

Perak, JMG Perak) in collaboration with many research 

institutes. During the four-day expedition, no rainfall was 

recorded, and the sampling areas were relatively limited as 

sampling was only possible along the climbing trails due to 

the geographic conditions of Gunung Korbu. Samples were 

collected along the hiking trails, which are divided into 

three main sections; Trail A, Seroja Camp (796 m above 

sea level [a.s.l]; 04°40.482′N, 101°16.788′E), Trail B, 

Kijang Camp (1092 m a.s.l; 04°39.415′N, 101° 16.333′E), 

and lastly the Trail C, Gunung Korbu (2183 m a.s.l, 04° 

41 ́N, 101° 18 ́E (Figure 1). 

Procedures 

For the macrofungal collection, the samples were 

cautiously removed from the substrate with a sharp knife or 

soil shovel to avoid leaving any residue on the specimens/ 

mushrooms. To avoid any damage to the fruit bodies and to 

prevent specimens from dehydrating, small and medium-

sized macrofungi were stored in plastic containers while 

large-sized specimens were wrapped using aluminum foils. 

The fruit bodies were photographed and information such 

as altitude, habitat, and substrate was recorded in the field. 

Macroscopic characteristics for example color, shape, size 

of the stipe, cap, gills, and odor were examined, described 

and recorded. Spore prints were prepared to determine the 

spore color and used in microscopic examination for 

identification and classification of macrofungi. Chemical 

reactions e.g. potassium hydroxide (KOH) was also used to 

observe and record any color change on macrofungi (Lodge 

et al. 2004). The macrofungi samples were then dried in an 

oven at 40°C before deposited as herbarium specimens at 

National University of Malaysia (Universiti Kebangsaan 

Malaysia, (UKMB)). Microscopic characteristics, for 

example, the shapes, size and ornamental of the spores, 

basidium, hyphae, cystidia were observed under 

microscope. The identification of macrofungi was based on 

macroscopic and microscopic characteristics using 

appropriate keys. A recent nomenclature of macrofungi 

was checked at the Index Fungorum (http: 

//www.indexfungorum.org).  

Data analysis  

To determine the diversity within a community, the 

species richness and evenness were calculated according to 

the Shannon Diversity Index (H') and Simpson’s Index (D). 

The analysis was conducted using macrofungi species 

composition and performed using Paleontological Statistics 

(PAST) version 2.17c (Hammer et al. 2001). To visualize 

and compare the composition of species community 

between three trails, a non-metric multidimensional scaling 

(NMDS) ordination of Bray-Curtis similarity matrices were 

drawn using PRIMER v6.1.9 (Primer-E Ltd, Plymouth, 

UK) with PERMANOVA+ v1 (Clarke and Gorley 2006). 
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Figure 1. Location of the study area in Gunung Korbu, Perak, Malaysia. Source: RS/GIS Laboratory, SSDES, Geography Department, 

FSSK, UKM 

 

 

 

 

RESULTS AND DISCUSSION 

Collections 

From this study, the collected macrofungi were listed in 

Table S1. From a total of 107 samples, 90 samples were in 

intact conditions, whereas 17 other samples were 

damaged/rotten possibly due to the weather condition, or 

eaten by an insect (Table S1). Macrofungi specimens with 

good conditions that identified up to the family level were 

included in the analysis. From 90 macrofungi specimens, 

only 6 families from 13 genera, including the unidentified, 

were identified (Table 1). In this study, the most 

enumerated macrofungi belong to Basidiomycota. Among 

the collections, member of family Polyporaceae was 

recorded the highest number of specimens (63 specimens) 

consisted of Polyporus, Microsporus, Favolus, 

Microporus, Lenzites, Trametes, and unidentified. The 

species of Microporus (31 specimens) were frequently 

recorded during this collecting trip.  

Macrofungal species richness and diversity  

Common diversity index, Shannon diversity index, and 

Simpson's diversity index were employed to analyze the 

samples. Shannon index showed a high diversity on Trail B 

with a value of 2.20. This value indicates that the study 

area at Gunung Korbu has a high diversity of species 

because the Shannon Diversity Index (H') falls between 

1.5-3.5. Meanwhile, the Shannon Similarity Index (E') 

value range between 0-1 that showed the value of 1 

represents uniformed species within the area. The three 

trails of Gunung Korbu showed highly-uniformed species, 

especially in Trail C (E’=1.0), followed by Trail A (E’= 

0.88), and Trail B (E’= 0.82). This observation is due to 

only one macrofungi specimens belonging to Stereaceae 

enumerated at Trail C. 

Ecologically, most terrestrial macrofungi can be 

classified into three feeding modes: saprophytes, parasites, 

and the symbiotic (ectomycorrhizal, ECM) species. 

Macrofungi fruiting on woody substrate is usually either 

saprobes or plant pathogens (Mueller et al. 2007). In this 

study, two feeding modes were encountered, i.e. 

saprophytic and parasitic, with the majority of the 

macrofungi specimens being classified as saprophytic fungi 

(93.33%) under Basidiomycota. There are a few 

unidentified species belonging to Ganodermataceae and 

Polyporaceae are considered as parasitic groups. Most of 

the specimens are found on decayed wood (36%) followed 

by living tree (32%). The family Polyporaceae, which 

recorded the highest number of species found in this study, 

recorded 6 species found on decayed trees followed by 6 

species found on living trees and 4 species were also found 

on the twigs. The abundance of Polyporaceae in an area is 

due to the availability of substrates, such as decayed wood, 

living trees, and twigs for them to grow.  
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Table 1. Tabulation of macrofungal taxa in Gunung Korbu, Perak, Malaysia 
 

Phylum Family Genus 
Number of individuals  

Trail_A Trail_B Trail_C 

Basidiomycota Ganodermataceae Amauroderma 0 2 0 

Ganoderma 0 4 0 

Basidiomycota Hymenochaetaceae Phellinus 0 4 0 

Indet. 0 8 0 

Basidiomycota Meruliaceae Cymatoderma 0 3 0 

Basidiomycota Mycenaceae Indet. 3 0 0 

Basidiomycota Polyporaceae Favolus 0 4 0 

Lenzites 5 0 0 

Microporus 15 16 0 

Polyporus 0 4 0 

Trametes 4 0 0 

Indet. 3 12 0 

Basidiomycota Stereaceae Stereum 2 0 1 

 

 

 

 

 
 

Figure 2. Number of specimens representing feeding mode of 

macrofungi in three different trails 

 

 

 

 

Based on Figure 3, the non-metric multidimensional 

scaling (NMDS) ordinations of the macrofungi community 

at three different trails with different altitudes show a clear 

pattern of distribution macrofungi community. Trail A 

located between 300- 799 m above sea level recorded 32 

specimens comprising of families Polyporaceae, 

Mycenaceae and Stereaceae. Sampling along the trail A 

also recorded the highest number of specimens from the 

family Polyporaceae with 27 specimens. Meanwhile, trail 

B with an altitude of between 800- 1200 m from sea level 

reported the highest number of specimens (57 specimens) 

consisting of families Hymenochaetaceae, Polyporaceae, 

Meruliaceae, and Ganodermataceae. The Polyporaceae 

recorded the highest number of specimens found 

throughout the B specimen of 36 specimens followed by 

Hymenochaetaceae (12 specimens), Ganodermataceae (6 

specimens) and Meruliaceae (3 specimens). Trail C situated 

above 1040 m from sea level showed the lowest number of 

specimens, of which only one species was identified from 

the Stereaceae family, which is the species of Stereum ostrea. 

 

Table 2. Diversity indices of macrofungi communities collected 

in three different trails at Gunung Korbu, Perak, Malaysia 
 

Index/Value Trail_A Trail_B Trail_C 

Simpson_1-D 0.82 0.87 0 

Shannon_H 1.82 2.20 0 

Evenness_e^H/S 0.88 0.82 1 
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Figure 3. Non-metric multidimensional scaling (NMDS) 

ordinations of macrofungi community structure displaying 

variations among (top) trails and (bottom) family of macrofungi. 

Square, Trail A; Upper triangle, Trail B; Inverse triangle, Trail C. 

Macrofungi Family: Upper triangle, Ganodermataceae; Inverse 

triangle, Hymenochaetaceae; Square, Meruliaceae; Diamond, 

Polyporaceae; Circle, Stereaceae; Crosses, Mycenaceae 
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Table S1. List of macrofungi collection in Gunung Korbu, Perak, Malaysia 

 

Family Genus Spesies Collection 
Sample  

condition 
Trail 

Altitude 

 (m. a.s.l.) 

Feeding  

mode 

Auriculariaceae  Auricularia Auricularia delicata 0 Poor condition B 800 Saprophyte 

Entolomataceae Entoloma Entoloma sp. 0 Poor condition C 1040 Saprophyte 

Ganodermataceae Amauroderma Amauroderma sp. 2 Good condition B 802 Parasite 

Ganodermataceae Ganoderma Ganoderma sp. 2 Good condition B 800 Parasite 

Ganodermataceae Ganoderma Ganoderma sp. 2 Good condition B 819 Saprophyte 

Hymenochaetaceae Phellinus Phellinus/ Inonotus 4 Good condition B 799 Saprophyte 

Hymenochaetaceae Unknown Unknown 8 Good condition B 799 Saprophyte 

Meruliaceae Cymatoderma Cymatoderma sp. 3 Good condition B 800 Saprophyte 

Mycenaceae Unknown Unknown 3 Good condition A 400 Saprophyte 

Physalacriaceae Oudemansiella Oudemansiella sp. 0 Poor condition B 799 Saprophyte 

Polyporaceae Favolus Favolus tenuiculus  2 Good condition B 800 Saprophyte 

Polyporaceae Favolus Favolus sp.  0 Poor condition B 800 Saprophyte 

Polyporaceae Favolus Favolus grammocephalus 2 Good condition B 860 Saprophyte 

Polyporaceae Lentinus Lentinus sp. 0 Poor condition A 350 Saprophyte 

Polyporaceae Lentinus Lentinus sp. 0 Poor condition A 480 Saprophyte 

Polyporaceae Lenzites Lenzites sp. 2 Good condition A 550 Saprophyte 

Polyporaceae Lenzites Lenzites sp. 3 Good condition A 580 Saprophyte 

Polyporaceae Microporus Microporus affinis 5 Good condition A 400 Saprophyte 

Polyporaceae Microporus Microporus affinis 5 Good condition A 480 Saprophyte 

Polyporaceae Microporus Microporus vernicipes 5 Good condition A 500 Saprophyte 

Polyporaceae Microporus Microporus affinis 6 Good condition B 799 Saprophyte 

Polyporaceae Microporus Microporus xanthopus 5 Good condition B 800 Saprophyte 

Polyporaceae Microporus Microporus affinis 5 Good condition B 819 Saprophyte 

Polyporaceae Polyporus Polyporus sp. 4 Good condition B 799 Saprophyte 

Polyporaceae Trametes Trametes menziesii  4 Good condition A 400 Saprophyte 

Polyporaceae Unknown Unknown 3 Good condition A 400 Saprophyte 

Polyporaceae Unknown Unknown 5 Good condition B 799 Saprophyte 

Polyporaceae Unknown Unknown 2 Good condition B 804 Parasite 

Polyporaceae Unknown Unknown 5 Good condition B 819 Saprophyte 

Polyporaceae Unknown Unknown 0 Poor condition B 890 Saprophyte 

Russulaceae Unknown Unknown 0 Poor condition B 819 Ectomikoriza 

Stereaceae  Stereum Stereum ostrea 2 Good condition A 550 Saprophyte 

Stereaceae  Stereum Stereum ostrea 1 Good condition C 1030 Saprophyte 

Unknown Unknown Unknown 5 Good condition A 350 Saprophyte 

Unknown Unknown Unknown 2 Good condition A 450 Saprophyte 

Unknown Unknown Unknown 4 Good condition B 840 Saprophyte 

Unknown Unknown Unknown 1 Good condition C 1008 Saprophyte 

Unknown Unknown Unknown 5 Good condition C 1040 Saprophyte 

Xylariaceae Xylaria Xylaria polymorpha 0 Poor condition B 804 Saprophyte 

 
 

 

Discussions 

Mycoflora of Malaysia reported two major phyla, 

Ascomycota and Basidiomycota consisting of 1141 species 

and 1820 species, respectively (Lee et al. 2012). The total 

number of specimens and taxa found in this study was 

relatively lower compared to other similar studies (Thi and 

Lau 2012; Sepiah and Norhayati 2009). The number of 

factors that contributed to this low number of macrofungi 

taxa and one of the factors is vegetation type. The 

composition and diversity of macrofungi were different 

may due to the difference in vegetation types along with 

the altitude (Moore 2008) which leads to the availability of 

substrates (Lodge et al. 2004; Ujang and Jones 2001). At 

the higher altitude, most of the vegetation was dominates 

by mosses, liverworts, and lichens (Moore 2008). Andrew 

et al. (2013) state the diversity of macrofungi is higher in 

areas with low and medium altitudes compared to those 

with high altitudes. From this study, at altitudes of above 

1040 m, no samples were obtained. This finding also 

congruent with Sepiah and Norhayati (2009) study at 

Gunung Murud, Sarawak, where 73.31% of the collections 

and more diverse fungi taxa were found at an altitude 

below 1800 m above sea level. Some of the macrofungi 

species especially ectomycorrhizas (ECM) are host-specific 

(Moore et al. 2011; Roy et al. 2013; Essene et al. 2017) 

which associated with only 2% of woody plant (Brundrett 

and Tedersoo 2018). There are reports that showed ECM 

are highly diverse in temperate forest compared to tropical 

forest (Tedersoo et al. 2012; Kennedy et al. 2012) due to 

the temperate forest was often dominated by the ECM host 

such as Alnus (Roy et al. 2013), Pinus (Cullings et al. 

2000) and Quercus (Morris et al. 2009). In this study, there 

is absence of ECM and this may due to lack of host, mainly 

Dipterocarpaceae and the soil properties which had a 

positive significant influence ECMs species richness and 

diversity (Luo et al. 2016).  
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According to Schmit et al. (2005) and Lodge et al. 

(2004) claimed that higher plant diversity and density 

generates higher diversity of substrate for macrofungi, 

which may, in turn, lead to higher macrofungi diversity 

because of the plant vigilante as habitat and source of 

energy for most macrofungi especially for poroid fungi. In 

Malaysia, Polyporaceae is the largest and most common 

family with 42 genera and 327 species and frequently 

found on a variety of substrates (Lee et al. 2012), mainly 

wood, available for them to grow on (Bolhassan et al. 

2012). Moreover, most of the polypore fungi have tough 

and hard fruiting bodies that grow perennially and they can 

thus be found at almost any time of the year and 

abundantly in an area (Thi and Lee 2010b). These results 

correspond to the study by Li et al. (2018a) and Lee et al. 

(2014) where saprobic fungi, especially litter-decomposing 

macrofungi, are the dominant and diverse fungal group in 

tropical forests. Besides, according to Luo et al. (2016), no 

significant relationships were found between environment 

variables and the diversity and community composition of 

saprotrophic fungi in subalpine pine forest.  

In higher altitude, the forest canopy gap was huge 

consequently prominent to higher light levels, higher 

temperatures and lower humidity drive to low sporocarp 

production (Jaya Seelan et al. 2014; Brown et al. 2006). In 

addition, the varied spore-producing structures which 

increase the degree of dispersal may contribute to the 

abundance of macrofungi species in an area (Aqilah et al. 

2019; Raper et al. 1958). According to Li et al. (2018b) and 

Priyamvada et al. (2017), it is expected that more species 

can be recorded in different regions if the environment is 

optimum depending on the season, temperature and amount 

of rainfall. During the four days of collection on Gunung 

Korbu, no rainfall was recorded. Based on rainfall data 

from 2017 to 2019 obtained from the Malaysian 

Meteorological Department, it can be concluded that the 

rainfall from January to July in 2019 is significantly lower 

than in 2017 and 2018. The month of July 2019, where this 

study was conducted recorded only 72.2 mm of rain, which 

is extremely low compared to July 2018 (235.4 mm) and 

July 2017 (386.1 mm).  

In conclusion, this is the first report on mycoflora of 

Gunung Korbu and further intensive studies (e.g, increase 

sampling period and effort) are required, as a new species 

or new record may be encountered in the area.  
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