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FOREWORD

In conjunction with the Borneo Book Fair 2017 of which Universiti 
Malaysia Sarawak hosted it for the first time, the idea to celebrate the 
different viewpoints among interested scholars in their discourse on 

academic publishing in Borneo was materialised through the organisation of 
a conference. Thus, providing a platform for the participants and  presenters 
to deliberate on the need to preserve the wealth of Borneo through book 
publication. With the theme “Contesting and advancing knowledge in Borneo 
Academic Publishing”, majority of the conference papers were distinctly themed 
Biodiversity. The knowledge and insights that were collected rigorously by 
the vigorous researchers have resulted in the sharing of the knowledge on the 
richness of Bornean biodiversity through the publication of this book.

Undeniably, the book editors and their chapters’ contributors took up the 
challenge that was put forward through the conference theme. The aim of 
publishing this book is obviously to organise the knowledge in such a way that 
the wisdom and picturesque wealth flow seamlessly within the pages of this book 
and be transferred and diffused across borders to be enjoyed by every walks of 
life. This interesting and attractive book had successfully captured glimpses of 
the wealthy Bornean biodiversity.

It is hoped that the shores of Borneo will continue to attract learned scholars 
from every field imaginable to continuously investigate, write and publish books 
and journals on Borneo.

Jane Labadin
Director, UNIMAS Publisher
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PREFACE

This book was conceived in conjunction with the International Conference 
on Borneo Book Publishing 2017, which was held at The Waterfront 
Hotel, Kuching from 11 until 13 October 2017. The conference had 

attracted over a hundred participants from various government and private 
institutions, including academicians, researchers, school teachers, postgraduate 
and undergraduate students. This book reflects the strength and scholarships of 
local academicians on both field and laboratory-based research on Malaysian 
Borneo biodiversity. It also showcases the authors’ major and recent findings on 
the various topics related to the ecology, taxonomy, and diversity of flora and 
fauna on this island. One of the biggest challenges for local scientists to perform 
research on the land of the hornbills (Sarawak) and land below the wind (Sabah) 
is the difficulty to explore countless inaccessible areas with physico-geographical 
barriers such as mountainous terrains and river basins. Besides, the lack of 
financial support and skilled manpower to deploy field excursion, inadequate 
state-of-the-art field equipment, and laboratory facilities are among other major 
limitations faced by the local researchers. However, these do not hinder the 
passion and determination of researchers to continue to explore the biodiversity 
of this island.

This book captures the unique and diverse flora and fauna in Malaysian Borneo. 
In producing this book, we are grateful to the authors for their contributions and 
the reviewers for their critical comments. The research findings in this book were 
supported by numerous grants and acknowledged separately in the respective 
chapters. We hope that this work will contribute to better awareness of our 
wealth in biodiversity, together we safeguard our biodiversity and ecosystems in 
the island of Borneo.  

Yee Ling Chong
Freddy Kuok San Yeo

 Faisal Ali Anwarali Khan
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1 
INTRODUCTION

Yee Ling Chong, Faisal Ali Anwarali Khan and Freddy Kuok San Yeo

Borneo has always attracted many natural historians including Alfred 
Russel Wallace with its unique and rich diversity. Borneo, located 
between the archipelagos of the Philippines and Indonesia, is the third 

largest island in the world and also known as one of the mega-biodiversity 
hotspots. The high complexity of tropical rainforests support many niches that 
can accommodate the rich diversity of flora, fauna, and microorganisms. Many of 
these are rare and protected species, while some of these are Bornean endemics. 
There are more than 277 species of land and marine mammals, including 63 
endemic species; about 673 bird species, including 59 endemic species; at least 
400 described freshwater fishes with 149 of these endemic in Borneo; and over 
200 species of herpetofauna, which include amphibians and reptilians. Borneo 
has at least 15,000 flowering plant species spread across mangrove, peat swamp 
and freshwater swamp forests, lowland dipterocarp forests, hill dipterocarp 
forests, and ironwood forests. Among which, more than 3,000 species of trees and 
more than 1,700 species of orchids are recorded. Approximately half of the plant 
species are endemic to Borneo. Our tropical rainforests are also rich storehouses 
of biota – plant and animal species, having potential properties for curing human 
illness or as dietary supplements to improve human health. However, many new 
species are yet to be discovered as most of the recorded species concentrated 
in easily accessible areas due to the nature of the geographical barriers on this 
island. 

Although Borneo is well known for its magnificent tropical rainforests, 
regrettably Borneo also has the highest deforestation rate around the world. This 
has resulted in degraded forest patches due to forest conversion for agricultural 
uses, urbanisation, or illegal timber harvesting. The unprecedented anthropogenic 
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activities, together with climate changes, are witnessing some of the mammalian 
fauna at the brink of extinction in Borneo. These include Sumatran Rhino, 
Sarawak Langur, Kutai Langur and Abbot’s Gibbon, whereas some others are 
rapidly declining in population size such as Proboscis Monkey, Orangutan, 
all gibbons, all langurs, Banteng, Tufted Ground Squirrel, Banded Civet and 
Pangolin as a result of habitat degradation. A similar pattern is also observed in 
other major groups including fishes, birds, frogs, and snakes that adapt to specific 
habitats. The anthropogenic activities also affected the plant diversity, resulting in 
various plant species that are now ‘totally protected’ (e.g. Rafflesia and Ensurai) 
or ‘protected’ (e.g. Pitcher plants, Orchids and Engkabang). 

Although Borneo harbors a vast wealth of flora and fauna, as well as other 
natural resources, not much of this information is published in book deplorably. 
In total, there are less than 100 book titles on Bornean biodiversity published 
where most of the studies are published in scientific journals which are not easily 
accessible by the public. More importantly, this knowledge is yet to reach the 
public that plays a big role in safeguarding the diversity as well as managing 
them accordingly. Therefore, it is critical that documents such as coffee table 
books or other light reading books are made available to the public to increase 
their awareness to the enviroment as well as to appreciate the uniqueness of 
Bornean diversity.

In lieu of this importance, this book is published to provide glimpses of the 
biodiversity wealth in Malaysian Borneo. The next 15 chapters in this book discuss 
various topics related to the discovery of fauna as well as macro- and microflora 
in Malaysian Borneo using both field-sampling and laboratory-based approaches. 
Chapter 2 offers the first compilation of the distribution and habitat preferences of 
primate species in National Parks of Western Sarawak, including those currently 
found in captivity in Matang Wildlife Centre. The diet composition and the 
foraging activities of Proboscis Monkey, one of the keystone and endemic primate 
species in Borneo, in both mangrove and beach forests are presented in Chapter 3. 

Chapter 4 reviews the diversity, distribution, and conservation status of 68 
species of bats in 15 totally protected areas of Sarawak. The composition of bat 
species found in 10 types of vegetation is  discussed in Chapter 4. A checklist and 
the species distribution of terrestrial small mammals at four different habitats 
(i.e. forests, oil palm plantations, villages, and urban areas) in Kuching, Sarawak 
is discussed in Chapter 5. In Chapter 6, the authors described the diversity, 
distribution, and provided a taxonomic review of elusive shrews in Sarawak and 
Sabah. 

Notes on mangrove birds in Kuching Wetland National Park and Bako 
Village, Kuching are provided in Chapter 7. The authors recorded 42 bird species 
at both sites and sighted Asian Black Hornbill, a ‘totally protected’ species under 
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Sarawak Wild Life Protection Ordinance, 1998. Chapter 8 reports 22 bird 
species on the offshore islands (namely Satang Island and Talang-Talang Island) 
of Western Sarawak based on mist-netting and boat-cruise circumnavigation. 

In Chapter 9, the call characteristics of Bornean frog sounds from the genus 
Pulchrana are described. Dichotomous keys, which were constructed based on 
the advertisement calls, for species recognition of Pulchrana frogs were further 
explained by the authors. The distribution of 11 species of freshwater fishes from 
the hill-streams of three mountains located in Western Sarawak is elucidated in 
Chapter 10. Chapter 11 portrays the morphological variations of two dragonfly 
species from the genus Orthetrum found in Sarawak based on morphometric 
data and nano-surface structures using a scanning electron microscope. The 
community structure of termites in Borneo Highland, Padawan is highlighted in 
Chapter 12. In this chapter, the authors reported 29 termite species and classified 
them based on different feeding groups.

A catalogue of Sarawak rice diversity based on data collected from Lebor 
Village, Serian is presented in Chapter 13. The authors presented 19 lowland rice 
landraces which have variations in grain size, shape, and colour. The diversities 
and distributions of Wild Musa L. (pisang), and Mapania (Pandan Tikus or 
Rumput Serapat) recorded in Sarawak are highlighted in Chapter 14 and 15, 
respectively. Lastly, the mycobiota of Balambangan Cave in Northern Borneo 
is described in Chapter 16. This chapter described the microfungal diversity at 
different lighting zones and categorised them by the types of substrates within 
the caves. 

In conclusion, this book archives the authors’ diverse knowledge on the flora 
and fauna in Malaysian Borneo, ranging from taxonomy, diversity, distribution, 
habitat preferences, and their conservation status where some of these were new 
geographic records. It is optimistic that these informative data are valuable, not 
only to inform the public on the wealth of biodiversity in Malaysian Borneo, but 
also as part of the conservation efforts by informing this baseline information 
to important stakeholders, including related government agencies and the non-
government organisations. Only with the involvement of all parties that would 
be possible to conserve our natural resources in Borneo.



5
Bornean Orangutan (Pongo pygmaeus) in captivity at Matang Wildlife Centre.
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MICROFUNGAL DIVERSITY OF 
BALAMBANGAN CAVE IN TAMAN TUN 

MUSTAPHA, SABAH (NORTHERN BORNEO)

Ibrahem G. Wasti and *Jaya Seelan Sathiya Seelan
*Corresponding author: seelan80@ums.edu.my

SUMMARY

Despite Borneo being one of the top biodiversity hotspots, the mycobiota 
of caves within Borneo has scarcely been studied. The effects of 
cave mycobiota has on the flora and fauna of its ecosystem must be 

evaluated to maintain the integrity of the cave ecosystem. Balambangan cave is 
in Balambangan Island, which is about 40 km from the northern tip of Kudat, 
Sabah. It is a relatively inactive cave with regards to anthropogenic activity. The 
aims of this study were to isolate and characterise the microfungi in speleothem 
surfaces, cavern water, dead arthropods, and bat guano. Distances from the 
entrance of the sampling sites and lighting zones within the cave were recorded 
in order to evaluate whether they affect fungal diversity and abundance. Seven 
speleothem surfaces, four cavern water pools, and two guano piles were sampled. 
No dead arthropods were collected in this study. A total of 64 pure fungal isolates 
were obtained from the samples. They were identified to the genus level based 
on morphological identification. The genera identified were Aspergillus (31.4%), 
Penicillium (31.4%), Fusarium (17.1%), Trichoderma (5.7%), Verticillium (5.7%), 
Blastomyces (2.9%), and Paecilomyces (2.9%). The sample size was too small for 
statistical analysis to be significant, but this data will be compiled with data from 
other sites for future analysis.
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Cool, humid, dark cave environment comprise of diverse array of microscopic 
fungi. This is mainly attributed to the wide variety of substrates, such as cave 
sediment, guano, speleothem, cadavers, and other organic materials, that provide 
nutrients for saprophytic fungi. Microfungi are not only consumers but a major 
food source for other cave-dwelling organisms [1-7]. Due to the various fauna 
that either reside in caves or visit caves regularly, particularly bats and arthropods, 
it is not surprising that caves provide a reservoir for parasitic or pathogenic 
microfungal species as well [8-10]. 

Not much is known about the microscopic fungal biodiversity and abundance 
of caves in Borneo despite it being one of the last known major biodiversity 
hotspots in the world. However, there has been a significant increase in travel 
and eco-tourism in this region as well as increased economic ventures that take 
advantage of cave ecology and its surrounding forest areas. First, translocation 
and introduction of a novel pathogen into a habitat with the naïve host can be 
potentially fatal to some of the local cave fauna, as may be the case with the 
White-Nose Syndrome epidemic affecting in America [6,11-16]. Furthermore, 
increased anthropogenic influences within and around cave environments 
have been shown to affect the endemic microfungi [1,4,17-23]. As the rate of 
mycoses continues to rise globally, disturbances to the microflora in these caves 
raise concerns of conservation as well as health safety due to potential negative 
repercussions to the overall cave ecology [24]. Changing the ecology of a biome 
may lead to limiting environmental changes that can serve as the driving force of 
altering interactions between pathogen and host species, increasing the former’s 
pathogenicity or weakening the latter’s immune system. Even worse, limiting 
conditions of a changing environment may not only be favourable to an already 
existing pathogen but lead to the emergence of new diseases by the production 
of conditions that were previously rare [11,25,26].

Baseline data of microfungi in Bornean caves are virtually non-existent. This 
study, conducted in a limestone cavern in Balambangan Island of North Borneo, 
is the first of its kind in this region. Undoubtedly the first study of many, the goal 
is to identify microfungal species on various substrates within limestone caves in 
Borneo and collect data as to the fungal biodiversity and abundance stemming 
from different distances from the cave entrance. Data from this study should be 
built upon in the near future and lead to even more informative studies regarding 
microfungi and limestone cave ecology in Borneo.

SAMPLING SITE

Balambangan Island is located about 40 km north from the town of Kudat, 
Sabah, a coastal town in Northern Borneo. Caves in Balambangan can be found 
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in various shapes and sizes due to prolonged chemical weathering and erosion, 
mainly caused by rainfall, dissolving the limestone karst formation [27]. The 
study site is the largest known limestone caves in the Bongaya sedimentary rock 
formation of Balambangan Island, reaching about 300 m in length and can get 
up to 80 m in width in certain areas [27]. Although the cave is deep and has a 
few narrow corridors, it is relatively well lit due to several apertures in the ceiling. 
In fact, in the widest, most spacious area of the cave, starting around 30 m from 
the entrance, there is a very large opening that lights up this area of the cave. 
The opening is a sinkhole when viewed from the forest above, thus canopy cover 
can be seen from inside the cave looking up. Directly below this opening, piles 
of large limestone fragments are scattered across the cave floor, suggesting that 
the ceiling had caved in some time in the past. Forest detritus such as rotting 
wood and leaves are scattered underneath areas of these ceiling openings, as 
well as areas of wet soil and water puddles that exist after periods of heavy rain. 
Many stalagmites and stalactites are spread across the cave floor and ceiling, 
respectively. A number of holes in the ceiling of the cave contain roosting bats, 
where guano piles or guano-enriched soil can be located directly below them.

Photo taken within the cave under the large hole on Balambangan Island.
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a	 b	
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Map layout of the Balambangan cave adapted from Mohamed & Ali (2007). (a) The area 
indicated in the red box is the sampling area. (b) The large ceiling hole starting about 30 m 
from the entrance. (c) Cave entrance seen from inside the cave. (d) The north wall of the cave 
about 20 m from the entrance. (e) Large stalagmites inside the cave around the area under the 
large ceiling hole.  

Map layout of the Balambangan cave adapted from Mohamed & Ali (2007). (a) The area 
indicated in the red box is the sampling area. (b) The large ceiling hole starting about 30 m from 
the entrance. (c) Cave entrance seen from inside the cave. (d) The north wall of the cave about 
20 m from the entrance. (e) Large stalagmites inside the cave around the area under the large 

ceiling hole.
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SAMPLING PROCEDURES

A 30 m transect line was laid out starting from the cave entrance into the cave. 
Light zones within the cave were categorised into three distinct zones: (1) lighted 
zones (0.0 m – 9.57 m); (2) twilight zones (9.57 m – 15.11 m, 27.0 m – 30.0 m); 
and (3) dark zones (15.11 m – 27.0 m). The lighted zones are defined as areas 
of the cave that are exposed to direct sunlight. The twilight zones are areas not 
exposed to direct sunlight but are visible without the help of a flashlight. The dark 
zones are areas not exposed to neither direct nor indirect sunlight. Zones were 
defined at high noon. Any speleothems, cavern water, dead arthropods, or guano 
that fell within the length of the transect line, from the east wall to the west wall, 
were sampled for fungi. The only exception to this rule was the second out of two 
guano piles sampled in this study, which was measured to be 28.5 meters into the 
cave from the entrance and considered to be in a twilight zone due to exposure 
to indirect light from the largest aperture of the cave. Speleothems were sampled 
using the swab method [17,28]. For each speleothem, an area of 25 cm2 was 
swabbed using a sterile cotton swab wetted with sterile distilled water. The area 
of 25 cm2 was determined by measuring a 5 cm by 5 cm square on the surface of 
a speleothem prior to swabbing. The cotton tip of the swab was then cut directly 
into a sterile air-tight twist-cap tube containing 4 mL of sterile distilled water 
and capped immediately. This method was done in triplicate for each speleothem 
sample. A different area on each speleothem was swabbed for every replicate 
on the same site. There were seven speleothems (n=7) sampled in this study, 
ranging from 0.8 m – 19.66 m from the cave entrance. Four different water 
pools (n=4) were sampled within the study area, ranging from 1.8 m – 20.0 m 
from the cave entrance. The water was collected using small sterile glass pipettes 
in which 3 mL would be secured into sterile air-tight twist-cap tubes. This was 
done in triplicate for each cavern water pool samples. Bat guano was collected 
in triplicate from two different piles (n=2), 20.0 m and 28.5 m from the main 
entrance respectively, into large-sized sterile air-tight twist-cap tubes. About 25 
mL of guano was collected for each guano sample using a scoop that was cleaned 
and sterilized after every use. Both surface and submerged guano were collected. 
No dead arthropods were found and collected in this study. All samples were 
chilled in a cooler and transported to the laboratory within three days, where 
they were stored in cold temperature (<4ᵒC) until further identification.

The samples were cultured directly onto potato dextrose agar with 
streptomycin and incubated for 3-7 days at room temperature in the dark. Any 
colony from a specific sampling site is considered unique as long as there is no 
redundancy in morphological characteristics for the same site. All unique isolates 
were sub-cultured until pure isolates were obtained. Pure isolates were evaluated 
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by their colonial morphology and micromorphology under a compound 
microscope. Dyes utilised for micromorphological evaluation included 
lactophenol blue, congo red, and acid fuschin. The morphology of the colonies, 
hyphae, conidiophores, and conidia were identified according to the universal 
diagnostic keys described in Domsch et al. [29], Klich [30], and Watanabe [31].

Map of the sampling area along the 30 m transect line. (a) The transect line is placed starting from the 
entrance of the cave. The different light zones are represented in the figure using different colours. (b) 
One of the stalagmites sampled from the dark zone of the cave. (c) The guano pile 28.5 m from the 
entrance, nearby but not directly under the large ceiling hole. (d) Cavern water reservoir sampled from 

the dark zone of the cave.
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Map of the sampling area along the 30 m transect line. (a) The transect line is placed starting 
from the entrance of the cave. The different light zones are represented in the figure using 
different colours. (b) One of the stalagmites sampled from the dark zone of the cave. (c) The 
guano pile 28.5 m from the entrance, nearby but not directly under the large ceiling hole. (d) 
Cavern water reservoir sampled from the dark zone of the cave. 
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Sixty-six pure isolates were successfully obtained from the collected samples, 
where 49 were successfully identified at least up to the genus level. Speleothem 
had the highest number of unique isolates (42) comprising of seven genera, cavern 
water has 20 unique isolates comprising four genera, and guano has two unique 
isolates from one genus. When categorised by light zones, the lighted zones had 
the highest number of unique isolates (28), the dark zones had 20 unique isolates, 
followed by the twilight zones with 16. Speleothem site number seven, which was 
in a dark zone, had the highest number of unique isolates with 15. Of the eight 
genera identified from this cave, three were unique to speleothem, one was unique 
to water, three were found on water and speleothem, and one was found on both 
speleothem and guano. Sterile mycelia were isolated from all three substrates. In 
order of abundance, eight genera of identified isolates were Aspergillus (31.4%), 
Penicillium (31.4%), Fusarium (17.1%), Trichoderma (5.7%), Verticillium (5.7%), 
Blastomyces (2.9%), and Paecilomyces (2.9%) – percentages exclude sterile mycelia.

This study is the first survey of microfungi in a Bornean cave in Sabah. The 
known distributions of the identified fungi in Borneo is only Balambangan cave 
since this is the first study of its kind in this region. This cave is isolated on an 
island and has relatively minimal amounts of human visitation. No swiftlet-nest 
farming or land use change can be accounted for anywhere near the vicinity of 
this cave, which for this reason has been calcified as a cave of low anthropogenic 
activity. This present study gave preliminary results from several different taxa 
sampled from three different substrates, in which both macromorphological 
and micromorphological identification techniques were used. Forty-nine of the 
pure isolates were identified to at least the genus level. Aspergillus and Penicillium 
isolates accounted for 62.8% of all identified taxa, followed by Fusarium (17.1%) 
and Trichoderma (5.7%). This falls in line with the most frequently observed taxa 
that occur in caves [6,23,32]. 

The report of Aspergillus coming from a cave with bat hibernacula in Borneo 
is not surprising as Aspergillus spp. have been isolated from bats in Sarawak, 
Malaysia, including a pathogenic variant [33,34]. Aspergillus species are 
ubiquitously isolated from caves in continents across the globe and have been 
sampled isolated from speleothem, soil sediment, bats, bat guano, and arthropods 
[10,33,35-38]. Penicillium spp. are also ubiquitous in cave environments have 
been isolated from sediment, air, bat guano, mammalian dung, earthworm casts, 
and isopod diplopod feces from the Domica Cave system alone [2]. Penicillium 
was the most abundant genus of the culturable fungi from Heshang Cave, China 
regardless of substrates (i.e. soil sediment, weathered rocks, and bat guano) [38].
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All, except two, of the taxa reported from this study, have been reported to be 
isolated from cave sites prior to 2013: Paecilomyces carneus and Blastomyces sp. 
[6]. The presence of Blastomyces sp. is of interest due to the pathogenicity of 
Blastomyces dermititidis [39]. It is a zoonotic fungal species and does not only 
affect humans. The fungus has been isolated from the lung and liver of bats, 
specifically Rhinopoma hardwickei [40,41]. The entomopathogenic fungus, 
Isaria fumosorosea, isolated in this study was not directly from an insect or insect 
cadaver. This may have been possible if conidia produced from a recently infected 
arthropod somehow adhered to the water. This could pose a threat to arthropods 
that come in contact with any water within the cave acting as reservoirs for I. 
fumosorosea spores. The entomopathogenic qualities of the genus Isaria, especially 
I. fumsorosea’s known detrimental effects on Diaphorina citri, vectors of citrus 
greening disease, make them suitable candidates for biological control agents for 
organic growers and farmers in developing countries where chemical insecticides 
are relatively expensive [42-46].

The light zones of the sampling sites within the cave were recorded and 
attributed to the isolated fungi. In this study, the lighted zones of the cave had 
the highest number of unique fungal taxa per substrate (5.6), followed by the 
twilight zones (5.3), and the dark zones with the least (4). Hsu & Agoramoorthy 
[36] had similar results, with the cave entrance (light zones) having the highest 
average relative abundance of thermophilous fungi and twilight zones having 
the least. 

Looking at the various types of substrate sampled, speleothem consists 
the highest number of unique isolates per individual substrate (6), followed by 
cavern water (5), and bat guano (1). This corresponds well with the culturable 
fungi in Heshang Cave, China (temperate), where the α-diversity analysis, the 
fungal diversity was highest in soil sediment, followed by weathered rocks, and 
least in bat guano [38]. However, this is in contrast with the results from the 
Domica Caves system (temperate), where bat guano had the highest number of 
microfungal taxa found out of various substrates which included soil sediment, 
air, mammalian dung, isopod diplopod feces, vermiculations, and cadavers [2].

Molecular analysis was not conducted on the samples and cultures from 
this trip, but general sequencing using the fungal-specific ITS primer will be 
conducted in the future. The fungal diversity from the guano samples may be 
lower than the actual amount, mainly due to the method of culturing fungi 
from these particular set of samples. For the future, fungal abundance will be 
considered for analysis and the serial dilution method will be utilized for all 
substrates’ samples.

Even from the first site of a larger study, the general microfungal diversity of 
an inactive limestone cave in Sabah is realized. Fungi play a crucial link in the 
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trophic chain as they recycle nutrients within every ecosystem they are a part 
of. To discern the specific ways these fungi, play a role, whether as saprotrophs, 
parasites, or pathogens and their corresponding biochemical pathways, baseline 
data needs to be obtained. While many of the taxa identified in this study fall in 
line with other types of fungi sampled from caves prior, the data acquired from this 
study will prove valuable for the future. Since this is only one cave, comparisons 
between anthropogenically active versus inactive limestone caves in Borneo 
could not be conducted. Furthermore, potentially two strains of pathogenic fungi 
were isolated from Balambangan Cave. Further studies should be conducted in 
this site to estimate risk, for humans and other fauna, as visitations to the area 
will likely increase with the continuous rise of ecotourism in Malaysia.	  
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20µm 

Pure cultures (Left) pictured with their microscopic photos showing distinguishing micro-
structures, which include various conidiophores, conidia, and hyphae (Right). Row 1 (Left to 
Right): Paecilomyces carneus, and Aspergillus japonicus. Row 2 (Left to Right): Aspergillus 
niger, and Verticillium sp.. Row 3 (Left to Right):  Blastomyces sp., and Penicillium sp.. Row 4 
(Left to Right): Penicillium sp., and sterile mycelia. 

Pure cultures (Left) pictured with their microscopic photos showing distinguishing micro-
structures, which include various conidiophores, conidia, and hyphae (Right). Row 1 (Left to 
Right): Paecilomyces carneus, and Aspergillus japonicus. Row 2 (Left to Right): Aspergillus niger, 
and Verticillium sp.. Row 3 (Left to Right):  Blastomyces sp., and Penicillium sp.. Row 4 (Left 
to Right): Penicillium sp., and sterile mycelia.
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Pure cultures (Left) pictured with their microscopic photos showing distinguishing micro-
structures, which include various conidiophores, conidia, and hyphae (Right). Row 1 (Left to Right): 
Trichoderma sp., and Fusarium sp.. Row 2 (Left to Right): Aspergillus parasiticus, and Aspergillus 
flavus. Row 3 (Left to Right): Penicillium sp., and Fusarium solanii. Row 4 (Left to Right): Aspergillus 

ochraceous, and Aspergillus nidulans.

 

 

	

Pure cultures (Left) pictured with their microscopic photos showing distinguishing micro-
structures, which include various conidiophores, conidia, and hyphae (Right). Row 1 (Left 
to Right): Trichoderma sp., and Fusarium sp.. Row 2 (Left to Right): Aspergillus 
parasiticus, and Aspergillus flavus. Row 3 (Left to Right): Penicillium sp., and Fusarium 
solanii. Row 4 (Left to Right): Aspergillus ochraceous, and Aspergillus nidulans. 
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Identified fungal isolates from different substrates and light zones.

Substrate Distance from 
entrance (m) Light Zone Genus/Species/Isolate

Speleothem

0.80

Lighted

Penicillium sp. isolate S1.2

Penicillium sp. isolate S1.4

Verticillium sp. isolate S1.3

Sterile mycelia isolate S1.6

Sterile mycelia isolate S1.7

4.01
Verticillium sp. isolate S2.1

Sterile mycelia isolate S2.2

4.80

Aspergillus japonicus

Aspergillus nidulans

Blastomyces sp. isolate S3.2

Fusarium sp. isolate S3.4

Paecilomyces carneus

Sterile mycelia isolate S3.6

11.92 Twilight

Penicillium sp. isolate S4.3

Penicillium sp. isolate S4.6

Penicillium sp. isolate S4.7

Penicillium sp. isolate S4.9

Sterile mycelia isolate S4.1

Sterile mycelia isolate S4.2

Sterile mycelia isolate S4.4

Sterile mycelia isolate S4.5

17.7

Dark

Aspergillus parasiticus

Penicillium sp. isolate S5.1

17.92
Aspergillus ochraceus

Sterile mycelia isolate S6.1

19.66

Aspergillus flavus

Aspergillus nidulans

Aspergillus niger

Aspergillus ochraceus

Aspergillus parasiticus

Fusarium sp. isolate S7.1

Fusarium sp. isolate S7.4

Trichoderma sp. isolate S7.7

Sterile mycelia isolate S7.3

Sterile mycelia isolate S7.3
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Water

1.80

Lighted

Fusarium sp. W1.6

Isaria fumosoroseus

Penicillium sp. isolate W1.4

Sterile mycelia isolate W1.5

4.11

Fusarium sp. W2.1

Fusarium sp. W2.7

Penicillium sp. W2.3

Sterile mycelia isolate W2.5

14.42 Twilight

Aspergillus japonicus

Aspergillus niger

Penicillium sp. W3.1

Penicillium sp. W3.2

Bat Guano
20.0

Dark
Sterile mycelia isolate G1.1

28.5 Trichoderma sp. G2.1

Checklist of identified fungal taxa from Balambangan cave and their 
known current distribution in cave within Malaysian Borneo.

Taxa Name Distribution

Aspergillus flavus (Link, 1809) Balambangan, Sabah

Aspergillus japonicus (Saito, 1906) Balambangan, Sabah

Aspergillus nidulans  (G. Winter, 1884) Balambangan, Sabah

Aspergillus niger (Tieghem, 1867) Balambangan, Sabah

Aspergillus ochraceus (Wilhelm, 1877) Balambangan, Sabah

Aspergillus parasiticus (Speare, 1912) Balambangan, Sabah

Blastomyces (Gilchrist & Stokes, 1898) Balambangan, Sabah

Fusarium  (Link, 1809) Balambangan, Sabah

Isaria fumosoroseus (Wize, 1904) Balambangan, Sabah

Paecilomyces carneus (Duché & Heim, 1957) Balambangan, Sabah

Penicillium (Link, 1809) Balambangan, Sabah

Trichoderma  (Link, 1809) Balambangan, Sabah

Verticillium  (Nees, 1816) Balambangan, Sabah
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