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ABSTRACT. The Bukit Timah Nature Reserve is an extremely important type locality for
many species of macrofungi, especially for those collected by Edred John Henry Corner
between 1929 and 1945 and later described by him. There has been little work done on the
fungi of Singapore in recent years and much remains to be done. Current efforts to curate the
fungal collection at Singapore Botanic Gardens are discussed, a new collecting programme
is highlighted, and the very long way to go before we have a decent understanding of macro-
fungal diversity of Bukit Timah and the rest of Singapore is emphasised.
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Introduction

Fungi form a network of mycelia that can extend for thousands of kilometres below
the ground surface, connecting life and communities in forest soils (Babikova et al.,
2013; Simard, 2018). As agents of decomposition (Schwarze et al., 2000), partners in
ectomycorrhizal relationships (Watling & Lee, 1995; Simard et al., 1997; Watling &
Lee, 1998) and arbuscular mycorrhizal relationships (Jacott et al., 2017; Lanfranco et
al., 2018; Mathieu et al., 2018), they are the heart of nutrient recycling in every forest.

A current estimate of the world’s fungal taxa is between 2.2 to 3 million
(Hawksworth & Liicking, 2017). The Checklist of Literature on Malaysian
Macrofungi (Lee et al., 2008), which includes Singapore, estimates that 70% of the
larger fungi in this region have yet to be discovered or described. The lack of research
on the fungi of Singapore, including the macrofungi, is evident from the fact that
Corner’s monographic works (Corner, 1966, 1968, 1970, 1972) are often the only ones
available for the region.

An annotated checklist of the macrofungi recorded from Bukit Timah has
been compiled by Tham & Watling (2017a), largely from a synthesis of publications
by E.J.H. Corner based on his collections made in Singapore from 1929 to 1945.
Corner’s publications have been listed by Watling & Ginns (1998), and a further
review of Corner’s mycological work was published by Watling (2007). Corner was
extremely prolific, having authored 1504 fungal names (data from Index Fungorum,
compiled by Kirk & Cooper, 2016). Casual observations by later mycologists have
added to the Bukit Timah list (e.g., Tham & Chan, 2009; Tham & Watling, 2010).
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Tham & Watling (2017a) included 230 taxa in their list of the fungi of Bukit
Timah Nature Reserve, of which Bukit Timah is the type locality for 98 or 42% of
these taxa. Accompanying Tham & Watling’s (2017a) list for Bukit Timah there are
also parallel checklists for the MacRitchie-Peirce Reservoir (spelt as ‘Pierce’ in Tham
& Watling, 2017b) sector of the Central Catchment Nature Reserve (Tham & Watling,
2017b), for Mandai-Seletar (Tham & Watling, 2017¢) and for the Singapore Botanic
Gardens (Tham & Watling, 2017d), making comparisons between localities possible
for the first time. There are two earlier checklists of fungi for Singapore, by Chipp
(1921), with specimen citations for collections in SING, and Turner et al. (1994),
which is in a simple format with no specimen citations.

The SING fungarium

The Herbarium of the Singapore Botanic Gardens (SING) has fungal collections
dating back as far as 1841 but well-collected, labelled and named specimens only
began with H.N. Ridley’s collections from 1889 onwards. Demoulin (2011) gave an
overview of the historical importance of the mycological collection in Singapore,
and some of the problems linked to Corner’s material were discussed by him in the
light of subsequent studies made in both Singapore and Edinburgh. Demoulin (2011)
considered the polypore collection in Singapore a valuable resource for studying any
geographical variation of fungal floras in the Malesian region and a unique tool for
examining any temporal change in this flora, given the continuity of collections in the
island since H.N. Ridley. Due to the lack of fungal expertise in SING over many years,
and other pressing needs, the collection of fungi has long been left uncurated, with
much material unnamed, leading to these collections not being included in works such
as Tham & Watling (2017a). Curation and databasing of the material is still on-going.

There is no material in SING of many of the species described by Corner,
including the type collections. This makes it hard to identify new material collected.
It also reduces the incentives for researchers to visit and consult the SING collection
and thereby improve the naming and curation of the collection. Most of Corner’s type
specimens are lodged at the Herbarium of the Royal Botanic Garden, Edinburgh (E)
(Watling & Ginns, 1998; Watling, 2001; Watling, pers comm., 2016.).

Methods of collection and identification

The last staff member in SING with a mycological interest was Chang Kiaw Lan
who retired in 1987 (Wong, 2003). Between 1987 and fairly recently, only around 50
specimens of macrofungi were collected. Therefore, a programme to collect and better
document the macrofungi of Singapore has been launched.

Collection involves removing the entire basidiome by means of wedging a
spade approximately two inches (5 cm) under the basidiome from the level of the
substrate (where applicable). A note of the substrate that the fungus was on is made
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and images of the basidiome in its natural environment are captured. Vouchers are
brought back to the herbarium for further processing. This includes making spore
prints and the application of chemical reagents if necessary. A small portion of the
fungus is placed in silica gel for future DNA sequencing. Basidiomes are air dried in
a food dehydrator at no more than 40°C. Once dried, they are placed in ziplock bags,
to avoid rehydration, along with accompanying pictures and the collection label.
For more information on fungal processing see Buyck et al. (2010) and Halling
(1996). Collections have also been made by various colleagues who chanced upon
basidiomes in their line of work.
Specimens were initially identified using Largent (1986), Largent et al. (1980)
and Largent & Baroni (1988). When an identification could not be made, international
fungal identification professionals and amateurs were engaged on social media
platforms. This has been proven largely successful in identification to genus level.
Once placed in a genus, identification to species level was done using the relevant
literature (e.g. Corner & Bas, 1962; Horak, 1980; Zanuddin et al. 2010; Thi et al.,
2011; Lee et al., 2012; Lee, 2017).

Initial findings

The effort in fungal research for Bukit Timah Nature Reserve is far behind that of
higher plants and many other groups of organisms and this paper is by way of an
introduction to the task ahead rather than a collation of research findings.
However, it is to be noted that many common species found on Bukit Timah, such
as Pycnoporus sanguineus (L.) Murrill, Schizophyllum commune Fr., Microporus
xanthopus (Fr.) Kuntze, Favolaschia manipularis (Berk.) Teng and Scleroderma
sinnamariense Mont., are not included in the checklist by Tham & Watling (2017a)
as being recorded there. Figs. 1-3 include photographs of 17 species of which only
six are included in Tham & Watling (2017a). Some of these species have been
photo-documented by Hadzlinda Samri, an NParks staff member, and some are from
collections lodged at the Singapore Herbarium (SING).

As well as the new collections being made, from the recent curation and
databasing effort mentioned above, many fungi not previously recorded for Bukit
Timah have come to light. These will be published at a later date when curation and
databasing of the collection have been completed.

In addition, there remain a great many specimens from Bukit Timah identified
only to generic level or only to family from the Agaricaceae, Boletaceae,
Entolomataceae, Lyophyllaceae, Marasmiaceae, Polyporaceae, Xylariaceae and many
others. Considerably more basic research will be needed in order to name these fungi
and it is highly likely that these collections include many new records for Bukit Timah
and Singapore and it is also likely that there are several undescribed species. The task
of identifying this material is made rather more difficult because so many species
have extremely wide and disjunct distributions, thereby greatly widening the scope of
literature and other collections that must be consulted.
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Conclusions

Fungi are a fascinating yet neglected group of organisms that require much greater
research effort in order to understand better the overall biodiversity of Singapore.
To this end the staff of Singapore Botanic Gardens, along with colleagues from the
National Parks Board, will continue to collect, identify and catalogue fungi, including
from Bukit Timah Nature Reserve. While the published checklists indicate a known
flora of more than 230 fungal taxa from the reserve, new collections as well as
the re-examination and curation of past collections in SING indicate that the real
wtotal must be considerably higher. The staff of the National Parks Board and SING
Herbarium are open to research collaboration with mycologists around the world.
Fig. 1-3, with just a selection of the fungi that could be identified, should whet the
appetite of those wanting to know more and join this research effort.
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Fig. 1. A. Agaricaceae Agaricus crocopeplus (SL1164); B. Agaricaceae Cyathus striatus
(SL1103); C. Agaricaceae Tulostoma exasperatum (Lee, M. 17.1.5); D. Amanitaceae Amanita
similis (SL1159); E. Amanitaceac Amanita princeps (SL1160). (Photos: S.M.L. Lee)
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Fig. 2. All Boletaceae. A. Austroboletus mucosus (SL1178); B. Boletellus emodensis
(SL1184); C. Pseudoaustroboletus valens (SL1123); D. Pulveroboletus icterinus (SL1209); E.
Strobilomyces velutipes (SL1167); F. Tylopilus cervinicoccineus (SL1237). (Photos: A—D & F,
S.M.L. Lee; E, D. Liew)
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Fig. 3. A. Cantharellaceae Cantharellus cornucopioides (SL1162); B. Entolomataceae
Entoloma flavidum (SL1168); C. Entolomataceae Entoloma pallidoflavum (SL1115);
D. Hydnaceae Hydnum elatum (SL1121); E. Phallaceae Phallus multicolor (SL1238);
F. Physalacriaceae Cyptotrama asprata (SL1233). (Photos: A-D & F, SM.L. Lee; E, J.
Leong-Skorni¢kova)
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