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Abstract. Md Noordin NA, Zainudin NAIM, Khairuddin NH, Yusof MT. 2024. Species diversity and ecological roles of macrofungi in 

Lentang Forest Reserve, Pahang, Malaysia. Biodiversitas 25: 2615-2622. Macrofungi are high-value forest components with 

functionally significant roles in the forest ecosystem, however, fungi and their functions remain among the least studied. Therefore, this 

study aims to unravel the current diversity of macrofungi in Lentang Forest Reserve, located in Pahang, Malaysia to provide data for 

comparison with other ecosystems. Macrofungal sporocarps were collected from selected sites using convenience sampling. A total of 

332 sporocarps were identified based on morphological and Internal Transcribed Spacer (ITS) sequence analysis. Ascomycota and 

Basidiomycota predominated in the Lentang Forest Reserve, with 28 genera representing 8 families were successfully identified. A 

Shannon diversity index of 0.454 indicated high fungal diversity in the sampling location. Microclimatic changes do not significantly 

affect fungal orders and substrates across the studied sites, suggesting random chance rather than systematic influences. The samples of 

Polyporales had the highest amounts, which showed that microclimate factors affected the make-up of the fungal fruiting community. In 

harsh microclimates, tough-fleshed fruit bodies were more common. The Agaricomycetes class exhibited the highest species presence, 

accounting for 89.09% of the identified species. The findings of this study can serve as a valuable checklist for future research on fungal 

distribution in tropical regions and will significantly contribute to biodiversity conservation efforts. 

Keywords: Basidiomycota, forest reserved, fungal biodiversity, fruiting body, Internal Transcribed Spacer (ITS), macrofungi 

INTRODUCTION 

Fungal diversity is one of the most important indicators 

of forest health and biodiversity (Rakić et al. 2023). Fungi 

are fundamental elements participating in nutrient cycling, 

symbiotic relationships, and decomposition processes of 

healthy and balanced ecosystems. Ecologically, fungi can 

be divided into saprophyte, parasite, and symbiotic 

(mycorrhizal) species groups (Nithiyaa et al. 2012; Nacua 

et al. 2018; Parlucha et al. 2021). Most terrestrial fungi are 

saprophytes or symbionts with other organisms, but some 

of them are plant and animal pathogens (Sun et al. 2019; 

Nazri et al. 2020). 

Understanding the diversity of fungi helps to assess 

ecosystem health and provides insights into interactions of 

fungi such as mycorrhizal associations or pathogenic 

relationships of crops. Many fungi produce bioactive 

compounds with pharmaceutical properties that have been 

used in traditional medicine and hold promise for future 

therapeutic developments (Gafforov et al. 2023). By 

exploring the diverse fungal species present in the forest, 

researchers can uncover novel compounds with antimicrobial, 

anticancer, or immunomodulatory properties that may lead 

to the development of new drugs or biotechnological 

products. 

Scientists and conservationists have emphasized the 

importance of recognizing fungi as key components of 

ecosystems and have called for targeted management actions 

to safeguard fungal species. These efforts include 

preserving old-growth forests, maintaining habitats to meet 

the specific requirements of threatened fungal species, and 

leaving deadwood and unfertilized grasslands to increase 

diversity (Da Silva et al. 2019). One positive impact of 

these conservation efforts is the increased awareness and 

understanding of the vital roles that fungi play in supporting 

the environment and biodiversity. By engaging citizen 

science, raising public awareness, and involving more 

mycologists in conservation initiatives, there has been 

progress in assessing and prioritizing global fungal diversity 

for conservation action (Purahong et al. 2022). 

Furthermore, the expansion of scientific approaches, such 

as DNA metabarcoding, has enhanced the monitoring of 

fungal populations and trends, aiding in the identification 

and preservation of threatened species (Erinjery et al. 2018; 

Tedersoo et al. 2022). 

Tropical areas are well-known for their high diversity 

of flora and fauna. However, fungal diversity in tropical 

region has not been fully discovered and documented even 

in Malaysia's protected forests. Over the past five years, 

conservation efforts to protect fungal diversity in protected 

forests in Malaysia have focused on integrating fungal 

conservation with broader biodiversity conservation 

strategies. Overall, recent conservation efforts in Malaysia 

have highlighted the need to protect fungal diversity alongside 
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plant and animal, emphasizing the interconnectedness of 

these kingdoms in maintaining healthy ecosystems. By 

aligning conservation goals with collective efforts, increasing 

research initiatives, and engaging a broader community in 

fungal conservation, there has been a positive shift towards 

safeguarding fungal diversity in protected forests, thereby 

benefiting biodiversity and enhancing ecosystem resilience. 

Lentang Forest Reserve, located in the state of Pahang, 

Malaysia is a recreational forest reserve with a river 

running across the entire rainforest area. This forest reserve 

has a high diversity of fungi which not only reflects the 

health of the forest but also evidence of the complex web 

of life that thrives within its boundaries. The presence of a 

wide variety of macrofungal species indicates a rich and 

complex ecosystem where each organism plays a unique 

role in sustaining the overall balance and functioning of the 

forest. Moreover, fungi in the Lentang Forest Reserve 

include saprophytes, with some species forming 

mycorrhizal symbiotic relationships with plants. This 

intricate underground network of fungal hyphae connects 

individual plants, creating a community-wide 

communication system that enhances plant health and the 

resilience of the forest ecosystem.  

This study aims to discover the diversity of macrofungi 

and understand their role in tropical rainforests in Lentang 

Forest Reserve. By exploring the species diversity of 

macrofungi in the reserve, this research not only 

contributes to scientific knowledge but also provides 

valuable insights for conservation and sustainable 

management strategies. It underscores the importance of 

recognizing fungi as integral components of ecosystems 

and emphasizes the need for their inclusion in biodiversity 

assessments and conservation initiatives. On top of that, 

documenting fungal diversity is essential for conservation 

efforts, ensuring the preservation of endangered species 

and their habitats.  

MATERIALS AND METHODS 

Study period and area 

Sampling of macrofungi sporocarps (fruiting body) was 

conducted in January 2020 in the Lentang Forest Reserve, 

Bentong, Pahang located at the geographical coordinates of 

03°39’ N and 101°89’ E. The Lentang Forest Reserve is a 

large natural preservation area located near the Karak 

Highway and the southwestern outskirts of Bentong City in 

Pahang, Malaysia (Figure 1). This reserve represents hill 

dipterocarp forest with elevation of 300-500 meter above 

sea level (m asl) with average annual rainfall of 2500-3000 

mm. Annual temperature variation is around 27-32°C with 

60-80% range of humidity. 

Data collection procedure 

The sampling method employed was the convenience 

sampling method (O'Dell et al. 2004). Convenience 

sampling is a non-probability sampling technique where 

samples are collected because of their easy accessibility 

and proximity to the researcher. Macro-morphological 

characteristics and habitat information including humidity, 

temperature, and substrate type, which comprise wood, 

twigs, and soil of the mushrooms, were observed in situ 

and recorded. The humidity and temperature of the samples 

were recorded using the HTC-2 digital temperature 

humidity meter. Each sample was placed in a paper bag 

along with field notes detailing the collection date, 

environmental conditions, characteristics, location, and 

number of specimens. All macrofungi samples were 

brought to the Mycology Laboratory in the Department of 

Biology, Faculty of Science at Universiti Putra Malaysia 

for fungal isolation and identification. 

 

 

 

 
 

Figure 1. Map of study area in Lentang Forest Reserve, Bentong, Pahang, Malaysia  
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Morphological characteristics  

Measurements of various parts of the mushrooms were 

recorded, and their morphological features were observed. 

The following parameters were used for the identification 

of mushroom specimens: pileus shape, pileus apex, pileus 

surface, pileus margin, lamellae attachment, lamellae 

arrangement, stipe attachment to the cap, stipe shape, stipe 

surface, stipe attachment to substrate, and annulus 

(Queensland Mycological Society 2011).  

Internal Transcribed Spacer (ITS) sequence analysis 

For species identification, the Internal Transcribed 

Spacer (ITS) region was used, utilizing primers ITS1 (5′- 

TCCGTAGGTGCTGCGG-3′) and ITS4 (5′-

TCCTCCGCTTAT TATTATGC-3′′) (White et al. 1990). 

The fresh sporocarp cutting samples were placed in a 

sterile mortar and ground using liquid nitrogen (Möller et 

al. 1992). The genomic DNA from the powdered sporocarp 

was extracted using UltraClean Microbial DNA Isolation 

Kit (MO BIO, Carlshad, CA, USA). 

Polymerase Chain Reaction (PCR) amplification was 

conducted using a thermal cycler C1000 Contact (BioRad, 

USA). The PCR mixtures in a total volume of 50 μL 

contained 30 ng DNA, 100 mM of each primordial, 0.05 

U/μL Taq DNA polymerase, 4 mM MgCl2, and 0.4 mM of 

each dNTPs. The PCR procedure followed the thermal 

cycling conditions outlined by Adeniyi et al. (2018), with 

minor modifications. The protocol began with an initial 

denaturation at 95°C for 5 min, followed by 30 

denaturation cycles at 95°C for 1 min, annealing at 59°C 

for 1 min, extension for 2 min at 72°C and final extension 

for 7 min at 72°C.  

The successful amplification of the ITS region between 

500-700 bp was observed. A 100 bp DNA ladder was used 

in this process. The gel was later visualized under a UV 

transilluminator to observe the amplicon size. All the PCR 

products were purified using QIAquick Gel Extraction Kit 

(QIAGEN, USA), following the manufacturer’s 

instructions.  

The PCR-purified products were sequenced using the 

ABI3730XL sequencer from MyTACG Bioscience 

Company. All sequences were analyzed, using the Basic 

Local Alignment Search Tool (BLAST) in the GenBank 

database, and subsequently deposited into the GenBank 

database (National Center of Biotechnology Information at 

https://www.ncbi.nlm.nih.gov).  

Fungal diversity using Shannon-Weiner Index  

The diversity of fungi present in the Lentang Forest 

Reserve was assessed using the Shannon-Weiner index, 

calculated using the below formula (Ifo et al. 2016):  

 

𝑅 

𝐻′ = − Σ 𝑙𝑛 (𝑝𝑖) 
𝑖=1 

 

Where: H’= Value of Shannon-Weiner Index, pi = 

Proportion of species, R = Number of species in 

community 

 

Pielou’s evenness J' (Pielou 1975) was calculated to 

measure species evenness for each community, expressed 

by the Shannon information scaled by the maximum 

information as follow: 

𝐽′ =    
𝐻′ 

    ln(S)’ 
 

Where: H’ represents the observed value of Shannon 

index, and S is the total number of species observed. The 

value of J' ranges from 0 to 1, with larger values 

representing more even distributions in abundance among 

species. 

Statistical analysis 

The comparison of microclimates between fungal 

orders and substrates was analyzed using descriptive 

statistics and non-parametric analysis of variance (Kruskal-

Wallis ANOVA) with the Statistical Package for Social 

Science (SPSS). The relationship between fungal orders 

and microclimates was analyzed using Pearson’s 

correlation analysis. The relationship between fungal 

orders, substrates, and microclimates was further 

determined using pairwise Bray-Curtis dissimilarities and 

visualized in the non-metric multidimensional scaling 

(NMDS). All correlation analyses were performed using 

PAST software version 4.03. 

RESULTS AND DISCUSSION 

Macrofungi species in Lentang Forest Reserve, 

Bentong, Pahang 

A total of 332 samples of macrofungi sporocarps 

(fruiting bodies) were collected from Lentang Forest 

Reserve, Bentong, Pahang. All the fruiting bodies samples 

were successfully identified as belonging to the phyla 

Ascomycota and Basidiomycota. In total, 28 genera of 

macrofungi were identified, including Agaricus, 

Amouroderma, Auricularia, Annulohypoxylon, 

Cantharellus, Cookeina, Cyathus, Entoloma, Favolus, 

Ganoderma, Geastrum, Hexagonia, Hygrophorus, 

Hymenopellis, Lactarius, Laetiporus, Lepiota, 

Marasmiellus, Microporus, Mycena, Oligoporus, 

Phellinus, Polysporus, Russula, Trichaptum, Trametes, and 

Xylaria species (Figure 2). Ten species were successfully 

identified through morphological and ITS sequence 

analysis. These species included Cyathus striatus, 

Cookeina tricholoma, Favolus acervatus, Ganoderma 

williamsianum, Hexagonia tenuis, Hygrophorus 

agathosmus, Marasmiellus candidus, Microporus 

xanthopus, Russula leucocarpa, Trichaptum durum, and 

Trichaptum fuscoviolaceum. Based on the closest matches, 

the ITS sequence showed a high percentage of similarities 

between 97 to 100% with the GenBank database. 

Approximately 89.3% of the groups consisted of 

saprophytic fungi, while mycorrhizal fungi made up 7.1%. 

Parasitic fungi constituted the smallest proportion, 

accounting for 3.6% with only one species (Table 1). 
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Figure 2. Fruiting body of macrofungi obtained from Lentang Forest Reserve, Malaysia: A. M. candidus; B. C. tricholoma; C. M. 

xanthopus; D. G. williamsianum; E. Nigrohirschioporus durus; F. Trichaptum fuscoviolaceum; G. Hygrophorus sp.; H. C. striatus; I. R. 

leucocarpa; J. F. acervatus; K. Polyporus sp.; L. H. tenuis; M. Agaricus sp.; N. Entoloma sp.; O. Lepiota sp.; P. Phellinus sp.; Q. 

Xylaria sp.; R. Trametes sp.; S. Lactarius sp.; T. Geastrum sp.; U. Cantharellus sp.; V. Auricularia sp.; W. Annulohypoxylon sp.; X. 

Mycena sp.; Y. Hymenopellis sp.; Z. Laetiporus sp.; AA. Oligoporus sp.; AB. Amauroderma sp. Scale bar: 1 cm 
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Table 1. Ecological roles of macrofungi recorded in Lentang 

Forest Reserve, Bentong, Pahang, Malaysia 

 

Species Substrate 
Ecological 

roles 

ITS accession 

no 

Laetiporus sp. Wood Saprophyte - 

Agaricus sp. Wood Saprophyte  - 

Marasmiellus candidus Wood Saprophyte MW661077 

Cantharellus sp. Root Saprophyte  - 

Phellinus sp. Wood Saprophyte - 

Lactarius sp. Wood Mycorrhizae - 

Oligosporus sp. Wood Saprophyte - 

Russula leucocarpa Soil Mycorrhizae MW661076 

Microporus xanthopus Wood Saprophyte MW661081 

Hygrophorus sp. Soil Saprophyte - 

Cookeina tricholoma Wood Saprophyte MW661086 

Hymenopellis sp. Leave Saprophyte - 

Mycena sp. Wood Saprophyte - 

Xylaria sp. Wood Saprophyte - 

Geastrum sp. Wood Saprophyte - 

Auricularia sp. Wood Saprophyte - 

Annulohypoxylon sp. Wood Saprophyte - 

Favolus acervatus Wood Saprophyte MW661078 

Polyporus sp. Wood Saprophyte - 

Cyathus striatus Wood Saprophyte MW661079 

Hexagonia tenuis Wood Saprophyte MW661080 

Ganoderma williamsianum Wood Saprophyte MW661083 

Trametes sp. Wood Saprophyte - 

Lepiota sp. Soil Saprophyte - 

Amouroderma sp. Soil Saprophyte - 

Entoloma sp. Soil Saprophyte - 

Nigrohirschioporus 

durus 

Wood Saprophyte MW661084 

Trichaptum fuscoviolaceum Wood Saprophyte MW661085 

 

 
Table 2. Diversity of macrofungi based on classes found in 

Lentang Reserve Forest using Shannon-Weiner diversity index 

(H’) and Pielou species diversity index (J’) 

 

Class 

Number 

of 

species 

Percentage 

(%) 
H’ J’ 

Agaricomycetes 49 89.09 0.102 0.114 

Pezizomycetes 2 3.64 0.120 

Sordariomycetes 3 7.27 0.190 

Total 55 100 0.866 

 

 

 

The findings align with previous studies conducted in 

Gunung Korbu, Perak, Malaysia (Bakray et al. 2020), 

Philippines' Southern Luzon (Parlucha et al. 2021), and 

Northern Ethiopia (Alem et al. 2021), where saprophytes 

fungi predominated among the collected macrofungi in 

both studies. Saprophytic fungi, as the primary decomposers 

of litter, play a crucial role in the cycling of carbon, nitrogen, 

and other essential soil nutrients (Chen et al. 2018). As a 

result, saprophytic fungi have become widespread and 

prolific. Unlike other organisms, saprophytic fungi cannot 

produce their own food. Instead, they rely on consuming 

decaying organic matter for survival. These saprotrophs 

naturally thrive on a variety of substrates, including wood, 

soil, and leaf litter (Karun et al. 2018).  

Species diversity of macrofungi in Lentang Forest 

Reserve, Bentong, Pahang 

Fungal diversity was assessed based on the class 

category of the samples. The class with the highest species 

presence was Agaricomycetes, comprising 89.09% of the 

total diversity, followed by Sordariomycetes at 5.45%, 

Pezizomycetes at 3.64%, and Ascomycetes at 1.82%. To 

compare the occurrence of each class found in Lentang 

Forest Reserve, the diversity of all the samples was 

calculated using Shannon-Weiner Index (Table 2). The 

Sordariomycetes class exhibited the highest occurrence of 

species, with a diversity index of 0.160. This indicates that 

Sordariomycetes is the most abundant class in the area, 

primarily represented by species from the Xylaria and 

Annulohypoxylon genera. However, despite having the 

highest number of samples, the Agaricomycetes class has a 

lower diversity index compared to Sordariomycetes and 

Ascomycetes. The most frequently encountered species 

within Agaricomycetes are from the Ganoderma and 

Microporus genera. 

A comparison of microclimatic changes revealed no 

significant differences among different fungal orders 

(Kruskal-Wallis ANOVA, p>0.05) (Table 3). Therefore, it 

can be concluded that factors such as humidity, temperature, 

light intensity, and substrate pH do not significantly 

influence the spatial distribution of fungal orders and 

substrates across the studied sites. This discovery supports 

the idea that any detectable impacts in this setting can be 

attributed to random chance rather than systematic influences. 

This sophisticated insight deepens our understanding of the 

complex relationship between microclimatic factors and 

fungal dispersion patterns in the studied ecological setting. 

Additionally, the Polyporales order exhibited the highest 

abundance among the collected samples. This finding 

aligns with Krah et al. (2022), who observed that 

microclimatic variables influence the composition of fungal 

fruiting communities, with tough-fleshed fruit bodies being 

more prevalent in severe microclimates.  

The correlation between fungal orders and microclimate 

is shown in Table 4. Among the fungal orders, only 

Pezizales showed a strong positive and significant 

correlation with humidity (R=0.75105; p>0.05). The 

relationship between fungal community structure, 

substrates, and microclimate is further illustrated in the 

NMDS diagram (Figure 3). The illustration shows that 

Polyporales, Agaricales, Russulales, and Pezizales are 

grouped distinctly. The association between each order of 

fungi and specific substrates shows minimal correlation.  

Polyporales, primarily found on wood and twig 

substrates, seem to be the next closest order to potentially 

being influenced by temperature and humidity. These 

results contradict the Pearson correlation results, which 

indicate that only Pezizales are significantly affected by 

humidity. This discrepancy is likely caused by the scope of 

the study which may not be fine-grained enough to capture 

microclimatic variations, as fungal communities can 

exhibit local variations that may not be apparent on larger 

scales. According to Pouska et al. (2016), stem thickness 

influences fungal species composition by affecting 

temperature and humidity conditions.  
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Table 3. Comparison of microclimates between different fungi orders and various substrates 

 

Microclimates n 

Fungi order  Substrates 

Polyporales Agaricales Russulales Pezizales p-value 

(Kruskal-

Wallis) 

 Wood Twigs Soil p-value 

(Kruskal-

Wallis) 
53 17 3 8 

 
18 18 4 

Humidity (%) x̅ 79.3 78.7 81.0 93 0.44  79.9 80.1 81.0 0.659 

±SD 4.0 3.6 - -  0.8 8.6 -  

Min 75.0 75.0 - -  57.0 57.0 -  

Max 86.0 86.0 - -  86.0 86.0 -  

            

Temperature 

(°C) 

x̅ 29.1 29.2 29.2 26.3 0.197  29.1 29.1 26.4 0.217 

±SD 0.9 0.7 - -  0.9 8.6 -  

Min 27.8 27.8 - -  26.9 26.9 -  

Max 30.1 30.1 - -  30.1 30.1 -  

 

 

Table 4. Pearson correlation between fungi orders and microclimate 

 

 
Humidity Temperature Polyporales Agaricales Russulales Pezizales 

Humidity  -0.28349 -0.10013 -0.4918 -0.00301 0.75101 

Temperature -0.28349  0.49999 0.052709 -0.57088 -0.59843 

Polyporales -0.10013 0.49999  -0.48813 -0.33899 -0.33899 

Agaricales -0.4918 0.052709 -0.48813  -0.14399 -0.14399 

Russulales -0.0030057 -0.57088 -0.33899 -0.14399  -0.1 

Pezizales 0.75101 -0.59843 -0.33899 -0.14399 -0.1  

Note: Values in bold indicate a significant correlation with p alpha = 0.05 

 

 

 
 

Figure 3. Non-metric multidimensional scaling plot visualizing the relationship among fungi community structure (shapes), substrates 

(shape colors), and microclimates (green lines). Fungi samples are indicated by different shapes according to their orders: filled circle = 

Polyporales; filled triangle = Agaricales; filled square = Russulales; asterisk = Pezizales 

 

 

The kingdom Fungi plays a crucial role in maintaining 

ecosystem balance and significantly influences human 

activities and well-being. As mentioned by Mandal et al. 

(2023) and El-Ramady et al. (2022), wild macrofungi 

constitute a diverse range of natural resources. They are 

renowned for their medicinal, nutritional, and economic 

value, contributing to food security for some local 

communities. Similarly, microfungi play a crucial role in 

the microbial decomposition of plant litter in ecosystems. 

Therefore, both morphological and molecular identification 

techniques are essential for accurately identifying species. 

This comprehensive characterization is important not only 

for confirming known species but also for discovering new 

ones.  
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The prevalence of Basidiomycetes may be attributed to 

the abundance of trees and leaf litter serving as substrate, 

along with the high humidity and moisture levels that 

promote the rapid growth of macrofungi (Priyamvada et al. 

2017; Rudawska et al. 2022). The majority of these 

macrofungi were leaf-litter decomposers and wood rotters, 

indicating an ecological hazard to dipterocarps and other 

valuable forest species (Hattori et al. 2012; Dulay et al. 

2020; Niego et al. 2023). High diversity of fungi might 

expect in some forest types (e.g. lowland rainforest) 

compared to other forest types (e.g. spruce forest). The 

largest number of species are found in the orders 

Agaricales and Polyporales, with most being soil-dwelling 

species like Russula sp., Amauroderma sp., Entoloma sp., 

Lepiota sp., and Hygrophorus sp. Due to their ability to 

survive in higher temperatures and the fact that their 

toughness deters herbivorous animals, tree-dwelling 

macrofungi are common (Halbwachs et al. 2017). In six 

Aeta tribe settlements in Tarlac, Pampanga, and Zambales, 

Philippines the order Polyporales was identified as the 

predominant macrofungus (Alem et al. 2021). Similarly, in 

Malaysia, Polyporus sp., Microsporus sp., and Favolus sp. 

were found at Gunung Korbu, Perak, and accounted for the 

greatest number of specimens collected (Bakray et al. 

2020). 
In comparison to the growth of macrofungi in soil, 

researchers unearthed a richer diversity of macrofungi 

species thriving amidst the substrate litter, a habitat 

comprising decayed leaves, tree branches, and 

decomposing wood. The colonization patterns of rotten-

wood fungi are profoundly shaped by local dispersal 

sources, with ample spore deposition often serving as a 

prerequisite for their successful establishment (Chen et al. 

2018). This illustrates the uniform distribution of various 

species samples across a specific area. During the rainy and 

early dry seasons, macrofungi diversity peaks in high-

altitude regions. The heightened diversity at higher 

altitudes can be attributed to lesser human interference 

compared to the extensive forest degradation observed in 

low-altitude areas, largely due to the establishment of oil 

palm and rubber plantations, cocoa farms, and food crop 

fields (Sharma et al. 2023). The majority of succulent and 

elaborately adorned large fungi are documented during the 

rainy season, which offers optimal conditions for their 

proliferation. This season is conducive for production since 

there is ample moisture, temperature, optimum relative 

humidity, and adequate light intensity to facilitate the fungi 

to decompose dead organic matter (Kinge et al. 2017; 

Wang et al. 2022). 

In conclusion, 332 macrofungi sporocarps were 

discovered in this study, all of which belonged to the 

phylum Basidiomycota and Ascomycota. These sporocarps 

manifest three distinct ecological roles: saprophytic, 

mycorrhizal, and parasitic. Among them, saprophytic fungi 

exhibited the highest species diversity, comprising 25 

distinct species, while parasitic fungi demonstrated the 

lowest diversity, represented by a solitary species. Notably, 

two mycorrhizae fungi were discovered living 

symbiotically with a variety of tree species. The most 

diverse substrates were found to include wood 

disintegration and dead twigs, highlighting the significant 

contribution of the Polyporales order to species diversity. 

The Lentang Forest Reserve emerges as a conducive 

habitat for a diverse array of macrofungi, particularly 

favoring saprophytic species. Furthermore, our 

observations suggest that microclimatic factors, notably 

humidity and temperature, wield considerable influence 

over macrofungi distribution. The study emphasizes the 

importance of promoting diverse tree species within urban 

forest ecosystems as a means to counteract the decline in 

macrofungal biodiversity, a trend heavily influenced by 

temperature and climatic variations.  

ACKNOWLEDGEMENTS 

This work was supported by a grant of the IPS Putra 

Grant, (grant no: GP-IPS/2022/9729200). Nor Aisyah was 

sponsored by the Graduate Research Fund GRF-UPM. The 

authors wish to thank the Department of Biology, Faculty 

of Science, Universiti Putra Malaysia, Selangor, Malaysia 

for providing the technical support and laboratory to make 

this study possible.  

REFERENCES  

Adeniyi M, Titilawo Y, Oluduro A, Odeyemi O, Nakin MDV, Okoh AI. 
2018. Molecular identification of some wild Nigerian mushrooms 

using internal transcribed spacer: Polymerase chain reaction. AMB 

Expr 8 (1): 148. DOI: 10.1186/s13568-018-0661-9. 
Alem D, Dejene T, Andr J, Martín-Pinto P. 2021. Survey of macrofungal 

diversity and analysis of edaphic factors influencing the fungal 

community of church forests in Dry Afromontane areas of Northern 
Ethiopia. For Ecol Manag 496: 119391. DOI: 

10.1016/j.foreco.2021.119391. 

Bakray A, Nurjannah S, Salleh S, Thi B, Fitri ZA, Faizi MMK, Maideen 
KH, Nizam. 2020. Elevation influence the macrofungi diversity and 

composition of Gunung Korbu, Perak, Malaysia. Biodiversitas 21 (4): 

1707-1713. DOI: 10.13057/biodiv/d210453. 
Chen Y, Svenning J, Wang X, Cao R, Yuan Z, Ye Y. 2018. Drivers of 

macrofungi community structure differ between soil and rotten-wood 

substrates in a temperate mountain forest in China. Front Microbiol 9: 
37. DOI: 10.3389/fmicb.2018.00037. 

Da Silva LP, Heleno R, Costa JM, Valente M, Mata VA, Gonçalves SC, 

Da Silva AA, Alves J, Ramos JA. 2019. Natural woodlands hold 
more diverse, abundant, and unique biota than novel anthropogenic 

forests: A multi-group assessment. Eur J For Res 138: 461-472. DOI: 

10.1007/s10342-019-01183-5. 
Dulay RMR, Santos CVJ, Sofronio K, Renato R. 2020. Distribution and 

species listing of wild macrofungi in Sitio Canding, Barangay 

Maasin, San Clemente, Tarlac Province, Philippines. J Appl Biol 
Biotechnol 8 (5): 7-15. DOI: 10.7324/jabb.2020.80502. 

Erinjery JJ, Singh M, Kent R. 2018. Mapping and assessment of 

vegetation types in the tropical rainforests of the Western Ghats using 
multispectral Sentinel-2 and SAR Sentinel-1 satellite imagery. 

Remote Sens Environ 216: 345-354. DOI: 10.1016/j.rse.2018.07.006. 

El-Ramady H, Törős G, Badgar K, Llanaj X, Hajdú P, El-Mahrouk ME, 
Abdalla N, Prokisch J. 2022. A comparative photographic review on 

higher plants and macro-fungi: A soil restoration for sustainable 

production of food and energy. Sustainability 14 (12): 7104. DOI: 
10.3390/su14127104. 

Gafforov Y, Rašeta M, Rapior S, Yarasheva M, Wang X, Zhou L, 

Wan‐Mohtar WAAQI, Zafar M, Lim YW, Wang M, Abdullaev B, 
Bussmann, RW, Zengin G, Chen J. 2023. Macrofungi as medicinal 

resources in Uzbekistan: Biodiversity, ethnomycology, and 
ethnomedicinal practices. J Fungi 9 (9): 922. DOI: 

10.3390/jof9090922. 

http://dx.doi.org/10.1016/j.foreco.2021.119391
http://dx.doi.org/10.3390/su14127104
https://doi.org/10.3390/jof9090922
https://doi.org/10.3390/jof9090922


 B IODIVERSITAS 25 (6): 2615-2622, June 2024 

 

2622 

Hattori T, Yamashita S, Lee S-S. 2012. Diversity and conservation of 

wood-inhabiting polypores and other aphyllophoraceous fungi in 

Malaysia. Biodivers Conserv 21: 2375-2396. DOI: 10.1007/s10531-
012-0238-x. 

Halbwachs H, Heilmann‐Clausen J, Bässler C. 2017. Mean spore size and 

shape in ectomycorrhizal and saprotrophic assemblages show strong 
responses under resource constraints. Fungal Ecol 26: 59-64. DOI: 

10.1016/j.funeco.2016.12.001. 

Ifo SA, Moutsambote JM, Koubouana F, Yoka J, Ndzai SF, 
Bouetou‐Kadilamio LNO, Ouissika BC, Loumeto JJ. 2016. Tree 

species diversity, richness, and similarity in intact and degraded forest 

in the tropical rainforest of the Congo Basin: Case of the Forest of 
Likouala in the Republic of Congo. Intl J For Res 2016 (1): 7593681. 

DOI: 10.1155/2016/7593681. 

Karun NC, Bhagya BS, Sridhar KR. 2018. Biodiversity of macrofungi in 
Yenepoya Campus, Southwest India. Microb Biosyst 3 (1): 1-11. 

DOI: 10.21608/MB.2018.12354. 

Kinge TR, Apalah NA, Nji TM, Acha AN, Mih AM. 2017. Species 
richness and traditional knowledge of macrofungi (Mushrooms) in the 

Awing Forest Reserve and Communities, Northwest Region, 

Cameroon. J Mycol 2017 (1): 2809239. DOI: 10.1155/2017/2809239. 
Krah F-S, Hagge J, Schreiber J, Brandl R, Müller J, Bässler C. 2022. 

Fungal fruit body assemblages are tougher in harsh microclimates. Sci 

Rep 12: 1633. DOI: 10.1038/s41598-022-05715-9. 
Mandal SK, Saha S, Saha S. 2023. The importance of wild edible plant 

and macrofungi diversity to attain food security for the tribes of 

eastern India - A quantitative study. Front Sustain Food Syst 7: 
1198187. DOI: 10.3389/fsufs.2023.1198187.  

Möller EM, Bahnweg G, Sandermann H, Geiger HH. 1992. A simple and 

efficient protocol for isolation of high molecular weight DNA from 
filamentous fungi, fruit bodies, and infected plant tissues. Nucleic 

Acids Res 20: 6115-6116. DOI: 10.1093/nar/20.22.6115. 

Nacua AE, Pacis HYM, Manalo JR, Soriano CJM, Tosoc NRN, Padirogao 
R, Clemente KJE, Deocaris CC. 2018. Short Communication: 

Macrofungal diversity in Mt. Makiling Forest Reserve, Laguna, 

Philippines: With floristic update on roadside samples in Makiling 

Botanic Gardens (MBG). Biodiversitas 19 (4): 1579-1585. DOI: 

10.13057/biodiv/d190451. 
Nazri NM, Zaini NM, Aris A, Hasan ZA, Abd Murad NB, Yusof MT, 

Zainudin NM. 2020. Isolation and identification of microfungi from 

soils in Serdang, Selangor, Malaysia. Stud Fungi 5 (1): 6-16. DOI: 
10.5943/sif/5/1/2. 

Niego AGT, Rapior S, Thongklang N, Raspé O, Hyde KD, Mortimer P. 

2023. Reviewing the contributions of macrofungi to forest ecosystem 
processes and services. Fungal Biol Rev 44: 100294. DOI: 

10.1016/j.fbr.2022.11.002. 

Nithiyaa P, Zainudin NAIM, Yusof UM, Salleh B. 2012. Diversity and 
morphological characteristics of Aspergillus species and Fusarium 

species isolated from cornmeal in Malaysia. Pertanika J Trop Agric 

Sci 35 (1): 103-116. 
O'Dell T, Lodge D, Mueller GM. 2004. Approaches to sampling 

macrofungi. Biodiversity of Fungi: Inventory and Monitoring 

Methods. Elsevier Academic Press, United States. 

Parlucha JA, Soriano JK, Yabes MD, Pampolina NM, Tadiosa ER. 2021. 

Species and functional diversity of macrofungi from protected areas 

in mountain forest ecosystems of Southern Luzon, Philippines. Trop 
Ecol 62 (3): 359-367. DOI: 10.1007/s42965-021-00152-7. 

Pielou EC. 1975. Ecological diversity. Wiley, New York. 

Pouska V, Macek P, Zíbarová L. 2016. The relation of fungal 
communities to wood microclimate in a mountain spruce forest. 

Fungal Ecol 21: 1-9. DOI: 10.1016/j.funeco.2016.01.006.  

Purahong W, Günther A, Gminder A, Tanunchai B, Gossner MM, Buscot 
F, Schulze ED. 2022. City life of mycorrhizal and wood-inhabiting 

macrofungi: Importance of urban areas for maintaining fungal 

biodiversity. Landsc Urban Plan 221: 104360. DOI: 
10.1016/j.landurbplan.2022.104360. 

Priyamvada H, Akila M, Singh RK, Ravikrishna R, Verma RS, Philip L, 

Marathe RR, Sahu LK, Sudheer KP, Gunthe SS. 2017. Terrestrial 
macrofungal diversity from the tropical dry evergreen biome of 

southern India and its potential role in aerobiology. PLoS One 12 (1): 

e0169333. DOI: 10.1371/journal.pone.0169333.  
Queensland Mycological Society. 2011. Retrieved 18 March 2021, from 

https://qldfungi.org.au/. 

Rakić M, Marković M, Galić Z, Galović V, Karaman M. 2023. Diversity 
and distribution of macrofungi in protected mountain forest habitats 

in Serbia and its relation to abiotic factors. J Fungi 8 (10): 1074. DOI: 

10.3390/jof8101074. 
Rudawska M, Leski T, Stasińska M, Karliński L, Wilgan R, Kujawska M. 

2022. The contribution of forest reserves and managed forests to the 

diversity of macrofungi of different trophic groups in European mixed 
coniferous forest ecosystem. For Ecol Manag 518: 120274. DOI: 

10.1016/j.foreco.2022.120274. 

Sharma A, Patel SK, Singh GS. 2023. Variation in species composition, 
structural diversity, and regeneration along disturbances in tropical 

dry forest of northern India. J Asia-Pac Biodivers 16 (1): 83-95. DOI: 

10.1016/j.japb.2022.11.004. 
Sun J-Z, Liu X-Z, McKenzie EHC, Jeewon R, Liu J-K. J, Zhang XL, 

Zhao Q, Hyde KD. 2019. Fungicolous fungi: Terminology, diversity, 

distribution, evolution, and species checklist. Fungal Divers 95 (1): 

337-430. DOI: 10.1007/s13225-019-00422-9. 

Tedersoo L, Bahram M, Zinger L, Nilsson RH, Kennedy PG, Yang T, 
Anslan S, Mikryukov V. 2022. Best practices in metabarcoding of 

fungi: From experimental design to results. Mol Ecol 31 (10): 2769-

2795. DOI: 10.1111/mec.16460. 
Wang R, Herrera M, Xu W, Zhang P, Moreno JP, Colinas C, Yu F. 2022. 

Ethnomycological study on wild mushrooms in pu’er prefecture, 

southwest Yunnan, China. J Ethnobiol Ethnomed 18 (1): 55. DOI: 
10.1186/s13002-022-00551-7. 

White TJ, Bruns T, Lee S, Taylor J. 1990. Amplification and direct 

sequencing of fungal ribosomal RNA genes for phylogenetics. In: 
Innis MA, Gelfand DH, Shinsky JJ, White TJ. (eds.). A Guide to 

Methods and Applications. Academic Press. New York. DOI: 

10.1016/B978-0-12-372180-8.50042-1. 

 

http://dx.doi.org/10.1016/j.fbr.2022.11.002
http://dx.doi.org/10.1007/s42965-021-00152-7
https://qldfungi.org.au/
http://dx.doi.org/10.1007/s13225-019-00422-9

