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Updating the classification system for the secondary forests of Singapore

Alex Thiam Koon Yee®, Kwek Yan Chong, Louise Neo & Hugh T.W. Tan

Abstract. Singapore has undergone rapid deforestation since 1819 mainly for timber and plantations and subsequently,
modernisation. Consequently, most of the spontaneous vegetation in Singapore is now secondary vegetation. Previous
secondary vegetation classification systems for Singapore have been focused on the forests within the Bukit Timah
Nature Reserve and Central Catchment Nature Reserve. Here, we update the classification system for secondary
vegetation, focusing on dryland forest types in the whole of Singapore. Our classification system is based on past
land-use history which shapes the floristic composition observed today. We recognise three forest types: native-
dominated secondary forest, abandoned-land forest, and waste-woodlands. Native-dominated secondary forests
are forests regrown on land cleared before the 1950s, and are dominated by native tree species. Abandoned-land
forests are forests regrown from land that was previously used for plantations or kampungs which were abandoned
with the mature trees largely intact. Waste-woodlands are forests regrown on land that was usually cleared after
the 1960s, and are dominated by exotic tree species, and whatever species that are present is dependent on the
seed source availability of the surroundings during the time of clearance, and succession. Reclaimed land forest,
strictly considered, should be a product of primary and not secondary succession but is structurally similar to
waste-woodlands and its plant species composition is likely dependent on the fill material used. Although secondary
forests generally contain less species compared to primary forests, they can still be important for the conservation

of biodiversity, especially in Singapore.
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INTRODUCTION

Singapore has undergone a tremendous landscape
transformation since of its founding by Sir Stamford Raffles
in 1819. Rapid deforestation for timber and plantations
occurred since then, and by the late 19% century most of
the original forest cover had already been destroyed (Wee
& Corlett, 1986; Corlett, 1992). In areas left to regrow, the
grass, lalang (Imperata cylindrica) became the most dominant
species. Most parts of Singapore in the early 1900s became
plantations of rubber (Hevea brasiliensis). Other areas were
“kampungs” (= villages) that were commonly planted with
ornamental plants and fruit trees. Self-governance in 1959
and the subsequent independence of Singapore in 1965
led to a shift in the landscape, with more areas becoming
built-up (Savage, 1992), and the kampungs and plantations
were abandoned and cleared for development. In the 1960s,
active land reclamation began in Singapore, which increased
Singapore’s land area yearly (Wong, 1969). Singapore’s
historical changes in vegetation have been described in detail
by Wee & Corlett (1986) and Corlett (1992), and O’Dempsey
(2014) described early vegetation changes before the 1900s.
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Currently, vegetation covers about 56% of Singapore’s land
area (Yee et al., 2011). Only about half of the vegetation can
be considered spontaneous, i.c., vegetation that has arisen
without human intervention. Primary lowland dipterocarp
forest and freshwater swamp forest cover less than 1% of
Singapore’s total land area, and these forest types can only
be found in the Bukit Timah Nature Reserve (BTNR) and the
Central Catchment Nature Reserve (CCNR). The rest of the
spontaneous vegetation of Singapore is secondary vegetation.

Here, we define secondary vegetation as plant communities
that have regrown on previously disturbed land (i.e., cleared
land or cultivated land) and which have developed a distinct
structure and species composition compared to those of
the original primary forest (e.g., lowland dipterocarp forest
in Singapore) (Corlett, 1994; Chazdon, 2014). Secondary
forest is secondary vegetation with a defined tree canopy
layer. Here, we will only discuss dryland vegetation that
grows on land not inundated by water for most of the year.
Secondary vegetation dominated by herbs, grasses, and shrubs
without a defined tree canopy layer will be referred to as
scrubland in this paper. Scrubland will eventually succeed
into secondary forest.

Secondary forests in Singapore have been described and
classified by various authors in the past into categories
which reflect the vegetation of their time. Gilliland (1958)
recognised secondary forests in successional stages, starting
from adinandra belukar (= secondary woody vegetation),
followed by the Rhodamnia-Champereia stage, and then the
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Arthrophyllum-Anisophyllea stage. Wee (1964) classified
secondary forests into belukar muda (or younger belukar
stage) and belukar tua (older belukar stage). Hill (1977)
recognised grass and scrub vegetation types, low secondary
forest, and tall secondary forest in his vegetation map
of Singapore. He also included messicol vegetation (or
planted crop vegetation) and noted that some were already
abandoned at that time. Wee & Corlett (1986) provided a
good description of the vegetation at that time that included
the categories of secondary forest and wasteland. Corlett
(1991a) divided secondary vegetation into four successional
stages, and called the final stage “tall secondary forest”. Wong
et al. (1994) and Turner et al. (1996) classified the forest in
the CCNR based on interpretations of the evenness of the
canopy layer as seen from aerial photographs. Coupling this
with field surveys of the vegetation, secondary forests in the
CCNR were classified into two categories: Forest Type 2 (FT
2, forest with small trees and small crowns) and Forest Type
3 (FT 3, forest with a higher density of stems, larger trees,
and large crowns distinguishable from aerial photographs).
Following Corlett (1991b), Tan et al. (2010) summarised the
classification of Singapore habitats, and secondary vegetation
was subdivided as herbaceous vegetation (i.e., reclaimed
or wasteland vegetation), low secondary forest or scrub,
and tall secondary forest. The abandoned rubber plantation
vegetation type was considered as a transitional state on its
way to becoming tall secondary forest.

The emphases in the past classifications and descriptions of
vegetation have mainly been given to the forests in the BTNR
and CCNR, which are mostly native-dominated. Hence, this
paper intends to update the classification system for secondary
forests in the whole of Singapore, so that it can better reflect
what is currently observed. Plants characteristic of the
secondary vegetation will be included in this classification
system to aid in identifying the vegetation types.

The classification system for secondary forests that we are
proposing here is based on the hypothesis that land-use
history of the forest patches affects secondary succession and
tree species composition (Thomson et al., 2002). Resources
and species availability are two major determinants of
successional pathways (Pickett & Cadenasso, 2005; Chazdon,
2014). Land-use history, e.g., forest clearance and rubber
plantations, will impact soil nutrient levels, the soil seed
bank, as well as the surrounding propagule pressure of a site,
therefore affecting the species composition. Conversely, the
past land-use of a site can in turn be inferred by looking at
its current species composition.

In this paper, we recognise three main types of secondary
vegetation which have distinct land-use histories and thus
species compositions. One of them is forests regrown on
land that was cleared and left to regrow before the 1950s,
which is now dominated by native species, and which we
will hereafter call “native-dominated secondary forest”.
The other two are: forests regrown on abandoned cultivated
land— “abandoned-land forest”, and forests regrown on land
that was cleared and left to regrow after the 1960s—“waste-
woodlands”. The latter two forest types not only arise from
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Fig. 1. Locations of surveyed forest patches. Green circles represent
native-dominated secondary forest patches. Blue triangles represent
abandoned-land forest patches. Red squares represent waste-
woodlands patches.

human action but are usually also dominated by exotic
species, hence they can be considered novel ecosystems
(Hobbs et al., 20006).

MATERIALS AND METHODS

The land-use history of each forest site was inferred from a
series of topographic maps where possible (Surveyor-General,
Federated Malay States and Straits Settlements, 1924; Survey
Production Centre, South East Asia, 1945; Surveyor-General,
Malaya, 1953; Chief Surveyor, Singapore, 1969; Ministry of
Defence, Singapore, 1975; Singapore Mapping Unit, 1982,
1987, 1992, 2000, 2008). Some of the older maps were
viewed at the National Library of Singapore and National
Archives of Singapore.

The proposed secondary forest classification system was
based on the cumulative field experience of the authors in
various parts of Singapore, including the offshore islands. In
addition to that, we organised or participated in plot-based
surveys in 22 secondary forest patches across Singapore from
2011 to 2014 (Fig. 1). For the two exotic species-dominated
forest types, 11 patches of abandoned-land forest and nine
patches of waste-woodlands were surveyed by Kee (2012)
and Neo (2012). In each forest patch, five plots of 20 x 20
m each were established, and all stems > 5 c¢cm in diameter-
at-breast height (dbh) were measured and identified. For the
native-dominated forests, we surveyed 14 plots of 10 x 10 m
each along Mandai Road, in which all stems > 5 cm in dbh
were measured. Furthermore, we included data from Eun
et al. (2014) who worked on the native-dominated forest
surrounding MacRitchie Reservoir, and surveyed 62 circular
plots of 10 m-radius each, and measured and identified all
stems > 5 cm in dbh.

We performed non-metric multidimensional scaling (NMDS)
on the plot data to assess our classification scheme. NMDS
was conducted at the generic level owing to taxonomic
uncertainty in the data from the native-dominated forest.
The different plot sizes (the largest being 400 m? and the
smallest, 100 m?) will introduce bias in ordination, especially
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Fig. 2. NMDS plot of dryland secondary forest plots based on generic composition. Blue squares represent plots from regrowth forests
on abandoned land. Red squares represent plots from waste-woodlands. Light-green and olive-green circles represent plots from short and
tall secondary forest types, respectively. Dark green circles represent primary forest plots. Filled squares represent 20 x 20 m plots. Open
squares represent 10 x 10 m plots. Filled circles represent 10 m-radius circular plots. The stress for the NMDS plot is 0.1873.

so for homogeneous datasets (Zdenka & Milan, 2006).
However, the bias can be reduced if presence-absence data
are used, and if the smallest plot size is not less than half
the size of the largest plot. We argue that our dataset is not
homogeneous as it represents species compositions arising
from three different land-use histories in a tropical country,
hence it is justifiable to include the smallest plot size in the
analysis. Nonetheless, the Jaccard dissimilarity index was
used to reduce possible biasness, and the ordination of the
smallest plots (in Mandai Forest)—which were one quarter
the size of the largest plots—was interpreted with caution.
We followed up the NMDS with Permutational Multivariate
Analysis of Variance (PERMANOVA) using the Jaccard
dissimilarity index, and the plots were considered to be
nested within their respective forest patches to analyse the
community data. All statistical analyses were performed using
R version 3.0.2 (R Development Core Team, 2013) and the
package vegan 2.0-10 (Oksanen et al., 2013).

PROPOSED CLASSIFICATION SCHEME

The NMDS plot (Fig. 2) shows that the three secondary
forest types of different land-use histories segregate into
three groups based on the generic composition of trees. The
floristic communities of the three groups are significantly
different based on the results of the PERMANOVA (p-value
= 0.000).
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Native-dominated secondary forests. These are forests
regrown on sites cleared before the 1950s, and are dominated
by native tree species. This forest type can be found mainly
in the BTNR, CCNR, and on the Southern Ridges. It has
been sub-classified into young (or “short”) secondary or
FT 2, and old (or “tall”) secondary or FT 3 in the past
by several authors (Wee, 1964; Corlett, 1991b; Wong et
al., 1994; Turner et al., 1996; Tan et al., 2010; Yee et al.,
2011). The former usually consists of species from the early
successional stage, while the latter contains more species from
the late successional stage. Some of these early-successional
secondary forest patches are postulated to be at least 50 years
old, while the late-successional ones could be at least 100
years old (Corlett, 1991a).

Early-successional forests consist of light-demanding species,
and in late-successional forests the light-demanding species
have been replaced (Corlett, 1991a; 1997; Turner et al., 1997).
The rate of succession has been postulated to be dependent
on the soil fertility level. Turner et al. (1997) noted that
the total basal area per plot is similar between the “short”
and “tall” native-dominated secondary forests. Floristically,
there are overlaps between these two subtypes, as they occur
along a successional gradient (Corlett, 1991a; 1997; Turner
et al., 1997), and this is in accordance with our NMDS plot
(Fig. 2). Nonetheless, the extreme ends of the successional
gradient are still identifiable on site.
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Fig. 3. Adinandra belukar in Kent Ridge. Tiup-tiup (Adinandra
dumosa) is the most dominant tree species, as seen in the photo.

Adinandra belukar (Fig. 3) can be considered to be one
extreme end of the early-successional, native-dominated,
secondary forest type (Corlett, 1991a, 1997; Turner et al.,
1997). It is a secondary growth dominated by the tree species
Adinandra dumosa, on degraded land with soils of low pH
(Sim et al., 1992). Holttum (1954) reported a large stretch
of adinandra belukar in the CCNR, which is now presumed
to have been replaced by late-successional secondary forest
(Corlett, 1991a). On the other hand, at Kent Ridge, where
Holttum (1954) described the initial successional stages
of the forest which started regenerating from around the
1920s, the forest is presently still dominated by Adinandra
dumosa. It has been suspected that succession is impeded in
adinandra belukar because of the highly degraded soil (Sim
etal., 1992; Corlett, 1997). Currently, adinandra belukar can
still be found at the Southern Ridges, and in some parts of
the BTNR and CCNR, as well as the Western Catchment
(consisting of the areas surrounding the reservoirs in the
west of Singapore Island).

Trema belukar or trema-mallotus-macaranga belukar
is another type of early-successional native-dominated
secondary forest that grows on less degraded soil compared to
that of adinandra belukar (Choong et al., 1992; Wyatt-Smith
& Panton, 1995; Tan et al., 2010). It has been described
to be dominated by light-demanding pioneer tree species
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secondary forests of Singapore

Fig. 4. Native-dominated secondary forest along Mandai Road.
Leechwood (Anisophyllea disticha) can be seen in the centre of
the photo.

from the genera Macaranga, Mallotus, and Trema. It is now
uncommon to observe extensive patches of such belukar in
the native-dominated secondary forest, probably because
they have already been succeeded by later-stage species.
However trees of the three aforementioned genera can still
be found commonly in tree-fall gaps and along forest edges.

Elsewhere within the BTNR and CCNR where the forest
has already succeeded from adinandra belukar or trema
belukar (Fig. 4), tree genera such as Alstonia, Calophyllum,
Campnosperma, Elaeocarpus, Garcinia, Litsea, Rhodamnia,
and Syzygium (Fig. SA-D) commonly occur in the tree
canopy layer (Wee & Corlett, 1986; Corlett, 1991a, 1997).
Secondary forests of the older successional stage tend to
be more species-rich. Trees of old-growth species from the
families Burseraceae and Myristicaceae can occasionally
be found in tall dryland secondary forest of this stage.
Understorey plant species such as Agrostistachys borneensis
and Anisophyllea disticha (Fig. SE, F) have been found to
be associated with late-successional secondary forest (Wee
& Corlett, 1986; pers. obs.).

Abandoned-land forests. These are forests regrown from
land that was previously used for plantations (usually rubber,
Hevea brasiliensis) or kampungs, but which were abandoned
largely intact with the mature trees still standing (Fig. 6).
The rubber industry dwindled after World War II, and the
subsequent industrialisation and urbanisation of Singapore
in the 1960s led to the abandonment of plantations and
resettlement of villagers from their kampungs (Corlett, 1992;
Turnbull, 2009). Larger continuous stretches of abandoned-
land forests can presently be found adjacent to the nature
reserves, e.g., Windsor Forest (Neo et al., 2014b), or contained
within military-restricted areas, such as the forest around the
Western Catchment (pers. obs.). Other smaller fragments are
embedded in the urban matrix throughout Singapore. Many
of these fragments of abandoned-land forests are designated
to be cleared for future development. However, some of
these small fragments are also located within parks, such
as in the Bukit Batok Nature Park, Bukit Batok Town Park
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Fig. 5. Examples of common tree species in native-dominated secondary forest in Singapore, A) Garcinia parvifolia B) Rhodamnia cinerea
C) Syzygium lineatum D) Calophyllum pulcherrimum. E) Anisophyllea disticha F) Agrostistachys borneensis are common treelets in the
understorey of late-successional secondary forests.
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Fig. 6. A) An abandoned rubber plantation in Bukit Batok Hillside
Park. B) An abandoned kampung near Yio Chu Kang Road.
Remnants of buildings can still be seen in some of the abandoned-
land forests.

(Neo et al., 2013b), and Dairy Farm Nature Park, and on
the outskirts of the BTNR, which would offer some degree
of protection.

The existing patches of abandoned-land forests were often
categorised as “sundry tree cultivation” in past topographic
maps of Singapore, especially in those from more recent
years. The trees that form the main canopy layer of these
abandoned-land forests are usually remnants from past
cultivation, and are mainly of exotic species. Although a
mixture of tree and crop species were usually planted (Hill,
1977), we can observe two subtypes of the abandoned-land
forest, namely abandoned plantations (mainly comprising
rubber), and abandoned kampungs or orchards (mainly
comprising fruit and ornamental trees). It should be noted that
abandoned-land forests tend to be spatially heterogeneous:
both subtypes can often be observed within the same patch
of forest.

Hevea brasiliensis can usually be found in abandoned-land
forests, and it is especially abundant in the abandoned-
plantation subtype. Durio zibethinus, Nephelium lappaceum,
and Spathodea campanulata, are also common in the
abandoned-land forest, and this is especially so in the
abandoned-kampung subtype (Fig. 7). These four species
flower and fruit regularly, so their seedlings and saplings
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are often found in the understorey layer of abandoned-land
forests. Nephelium lappaceum is considered to be nationally
Critically Endangered in Singapore by the Singapore Red
Data Book (Tan et al., 2008), but the populations in the
abandoned-land forest are likely relics of past cultivated stock
and not dispersed naturally from the native-dominated forests
of Singapore. One can also find cultivated herbs and shrubs
such as Aglaonema commutatum, Dieffenbachia seguine,
Heliconia spp., and Piper sarmentosum in the understorey
layer. Abandoned-land forests nearer to a native-dominated
forest tend to be richer in native species. It is not uncommon
to observe native tree species such as Macaranga spp., or
Syzygium spp. in the abandoned-land forest type.

Waste-woodlands. These are forests regrown on land that
was recently cleared, usually after the 1960s (Fig. 8). Similar
to abandoned-land forests, waste-woodlands usually occur as
small forest fragments embedded in an urban matrix. These
patches are usually awaiting future development.

The cleared lands are usually either previously cultivated
lands, or graveyards. The top soil was likely to have been
removed or buried, and the soil conditions were considerably
altered when the land was cleared (Wee & Corlett, 1986;
Corlett, 1992). Since the 1960s, Singapore has become more
built-up with more buildings and roads (Savage, 1992). Trees
were actively planted to green the urban areas, and many are
exotic species (Wee & Corlett, 1986). Singapore’s landscape
after the 1960s is thus very different compared to that of the
years before. This changed environment may have promoted
initial succession by exotic species on recently cleared lands.

Wee & Corlett (1986) and Tan et al. (2010) have described
wasteland vegetation dominated by herbaceous weeds
and shrubs such as Imperata cylindrica, Mimosa pigra,
Panicum maximum, and Pennisetum purpureum. Succession
in wasteland vegetation can be patchy, and is affected
by the underlying substrate. In areas where succession
occurs, woody trees begin to form canopies that suppress
the dominance of the herbs and shrubs. The term “waste-
woodland” is thus used to describe the successional stage
of a wasteland after trees have replaced scrub.

The tree species composition of waste-woodlands depends
mainly on the seed sources available from the surroundings
during the time of clearance, and succession. As such, trees
that can commonly be found in waste-woodlands (Fig. 9) are
Acacia auriculiformis and Falcataria moluccana, which were
common wayside trees in the past, and which are capable of
fixing their own nitrogen (Wee & Corlett, 1986). In these last
10 years, Cecropia pachystachya and Leucaena leucocephala
have become dominant in some areas of waste-woodlands
of Singapore (Lok et al., 2010a, 2010b). In our opinion,
this likely reflects a switch in the seed rain reaching newly-
regenerating wasteland. The four above-mentioned exotic
species can also be found in abandoned-land forests and in
some parts of the native-dominated secondary forest, but they
are never the dominant tree species in these forest types. In
the understorey, it is not uncommon to encounter seedlings
and saplings of common wayside plants such as Ardisia
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Fig. 7. Common tree species of abandoned-land forests A) Durio zibethinus B) Spathodea campanulata C) Nephelium lappaceum D) Hevea

brasiliensis. The former three are usually associated with abandoned kampungs, while the latter is usually associated with abandoned

rubber plantations.

Fig. 8. A patch of waste-woodlands near Tampines Drive 2. The
canopy is made up of albizia trees (Falcataria moluccana).

elliptica, Syzygium grande, and Syzygium polyanthum.
A NOTE ON RECLAIMED-LAND FORESTS

Although succession on reclaimed land can be considered
primary instead of secondary in nature, we include forests
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growing on reclaimed land as they tend to be structurally
similar to waste-woodlands, and were mapped as young
secondary forests by Yee et al. (2011). Newly-reclaimed
sites are usually left untouched for a few years to allow the
landfill to settle (Tan et al., 2010). Such reclaimed land is
usually scheduled for future development.

The plant species composition found on reclaimed land
is dependent on the fill material used (Tan et al., 2010).
Land reclaimed using subsoil will have similar a vegetation
composition to the waste-woodlands as described above. On
the other hand, if marine sand is used, the species composition
will have a higher affinity to coastal vegetation. In this latter
case, Casuarina equisetifolia is usually the most abundant tree
species, and it can form monospecific stands in reclaimed-
land forests (Fig. 10). The understorey layer can sometimes
be densely covered by herbs such as the exotic Chromolaena
odorata. The exotic tree species, Acacia auriculiformis and
Leucaena leucocephala, can also be found in reclaimed land
sites, usually further inland (Lok et al., 2010a; Tan et al.,
2010). Nearer to the coast, herbs such as Ipomoea pes-caprae,
and trees such as Cocos nucifera, Talipariti tiliaceum, and
Terminalia catappa, can also be seen.
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Fig. 9. Common tree species of waste-woodlands, A) Falcataria moluccana B) Leucaena leucocephala C) Acacia auricuriformis D)
Cecropia pachystachya has become locally dominant along the Seletar Expressway.

CONCLUSIONS

Here, we have classified the secondary forests of Singapore
based on their land-use histories. The three main types that
we have described are native-dominated secondary forest,
abandoned-land forest, and waste-woodlands (Table 1).
We have provided vegetation descriptions of these forest
types, and briefly discussed reclaimed-land forest. We hope
that this classification system can aid users in classifying
vegetation that they observe in the field. Land-use history
of a single patch of secondary forest can be heterogeneous,
e.g., Admiralty forest, (Neo et al., 2013a). Therefore, it
would be advisable to classify a single patch of forest as
a mixture of the forest types observed. Although the data
used from our field surveys are from Singapore Island sites,
the classification scheme proposed here is also applicable
to the offshore islands of Singapore.

Fig. 10. Reclaimed-land forest on Coney Island. Casuarina trees
(Casuarina equisetifolia) usually form monospecific stands in this

type of forest.
It has been argued that secondary forests hold considerably

less biodiversity than primary forests, and hence have little
conservation value (Gibson et al., 2011). We agree that
priority for conservation in Singapore should be given to
the few remaining patches of primary forest in the BTNR
and CCNR. However, given that most of the spontaneous
vegetation that is found today in Singapore is secondary (Yee
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Table 1. Summary of the updated secondary forest classification system for Singapore. Reclaimed-land forest is not secondary but is
included for its similarity to the structure of waste-woodlands.

Secondary forest type

Description

Native-dominated
Early successional

Late successional

Abandoned-land
Abandoned plantation
Abandoned kampung or

orchard

Waste-woodland

Reclaimed-land

Developed on land cleared before the 1950s. Dominated by native plant species.
Dominated by native pioneer tree genera such as Adinandra, Macaranga, Mallotus, and Trema.

Developed from the early successional forest and contains higher plant species richness. Alstonia,
Calophyllum, Campnosperma, Elaeocarpus, Garcinia, Litsea, Rhodamnia, and Syzygium are
common genera found in the canopy layer. Anisophyllea disticha and Agrostistachys borneensis
are common treelets found in the understorey.

Developed from abandoned plantations or kampung with mature trees largely left intact. Dominated
by exotic plant species.

Developed from abandoned plantation, usually dominated by rubber (Hevea brasiliensis).

Developed from abandoned kampung or orchard, usually dominated by fruit trees (e.g., Durio
zibethinus, Nephelium lappaceum) or ornamental plants (e.g., Spathodea campanulata, Aglaonema
commutatum, Dieffenbachia seguine, Heliconia spp.).

Developed on land cleared after the 1960s. Dominated by exotic plant species with high propagule
pressure in surrounding landscape (e.g., Acacia auriculiformis, Falcataria moluccana, Leucaena
leucocephala).

Developed on reclaimed land. Can be similar to waste-woodlands or dominated by Casuarina

equisetifolia.

et al., 2011), it may be wise to also direct some attention to
secondary forests, especially the native-dominated secondary
forests. Native-dominated secondary forests are potential
recruitment sites for the primary forest species in the nature
reserves. They can also act as buffers for the primary forest
patches against the effects of hard edges (e.g., an edge
between forest and a road) surrounding the nature reserves.,
Moreover, these native-dominated secondary forests can
provide habitats for many forest-dependant animal species
(Corlett, 1997).

Abandoned-land forests and waste-woodlands are usually
unprotected and are often slated for future clearance for the
development of housing estates and transport infrastructure.
Van Breugel (2013) questioned the conservation value of
such ephemeral secondary forests, as they seldom contain
native trees mature enough to act as seed sources. However,
studies like those of Hassan Ibrahim et al. (2011) and Neo
et al. (2012, 2013a, 2013b, 2014a, 2014b) have found
some nationally-threatened species in the abandoned-land
forests and waste-woodlands of Singapore. Even though the
clearance of these two types of forests is mostly inevitable,
such species can still be propagated or transplanted elsewhere
for conservation. This thus highlights the need for proper
and publicly-accessible environmental impact assessments
to be conducted before the clearing of any forest patch.

It has been noted that the succession of native-dominated
secondary forest to primary forest in Singapore is a very slow
process, possibly impeded by the lack of seedling recruitment
and the persistence of long-lived pioneer species (Goldsmith
etal., 2011; Chuaetal., 2013). It is also unknown whether or
when the two exotic species-dominated secondary forest types
will revert to native-dominated forest. Active reforestation
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and assisted natural regeneration may perhaps be needed to
restore these types of secondary forest in Singapore (Shono
et al., 2006, 2007a, 2007b). More long-term monitoring of
plots similar to that of the 2-ha Bukit Timah Forest Dynamics
Plot (Lum et al., 2004) is needed to better understand the
succession of secondary forests in Singapore.

There has been increasing public concern over the disturbance
and clearance of secondary forest patches in Singapore in
recent years, for example, the case of residents living near
the Petir Road forest and Pasir Ris woodlands (Chua, 2012,
2013). The recently proposed cross-island line that will cut
through the secondary forest around MacRitchie Reservoir
has also raised the attention of members of the public and
nature groups (Nature Society (Singapore), 2013; Neo, 2013).
Therefore it seems that spontaneous vegetation (including
secondary forests), is appreciated by Singaporeans to be of
conservation value. There is a need to better understand the
ecosystem functions, services and values of these forests, so
that conservation efforts can be geared towards the needs
of future generations.
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