
121 

Proceedings of Nature Society, Singapore’s Conference on ‘Nature Conservation for a Sustainable Singapore’ – 16th October 2011. Pg. 121–166.  

 

 

THE FRESHWATER SWAMP FORESTS OF SUNGEI SELETAR CATCHMENT:  

A STATUS REPORT 
 

Tony O’DEMPSEY
1 
& CHEW Ping Ting

2
 

1 
Vertebrate Study Group,

 
Nature Society (Singapore) 

510 Geylang Road, #02-05, The Sunflower, Singapore 389466 
2 
Senior Project Officer (Flora), Central Nature Reserve,  

National Parks Board, 1 Cluny Road, Singapore 259569. 

 (
1 
E-mail: ajodempsey@yahoo.com) 

 

 

ABSTRACT 

 

Singapore has experienced significant losses of Freshwater Swamp Forest (FWSF) habitat since the early 1800s due to 

early land conversion for commercial Gambier, Pepper, Pineapple and Rubber cultivation, market gardening and 

aquaculture.  In more recent times, land conversions for canalisation, residential and industrial development have wiped 

out whatever fragments were left over from the agricultural era.  Exactly how much swamp forest there was originally 

has been difficult to determine, owing to sparse records and the passage of time. We hypothesise that the proportion of 

Singapore’s total land area originally occupied by this special freshwater swamp habitat could have been substantially 

more than current wisdom suggests. In this paper, we give a brief overview of the history of land conversion in 

Singapore and attempt to draw some conclusions about its effect on the original FWSF habitat. We then develop and 

document a Geographic Data Fusion Technique or Geoprocessing Model as a basis for identifying areas that are, or 

were topographically capable of hosting FWSF. The process is calibrated and validated using selected Herbarium 

records and historical accounts of this habitat, as well as field observations of FWSF species for the Sungei Seletar 

Catchment. Thus, we are able to recapture and reconstruct the almost ‘ghostly’ footprint of Singapore’s historical 

FWSF areas. We conclude with suggestions for further conservation and indeed replanting of FWSF species that go 

beyond simply maintaining the status quo of protecting the Nee Soon Freshwater Swamp Forest and various other 

fragments of swamp forest within the Nature Reserves. 

 

 

INTRODUCTION 

 
In 1819, when Sir Stamford Raffles established Singapore as an outpost of Britain’s East India Company, the island was 

sparsely populated and its forests largely intact, except for a few Gambier and Pepper plantations previously established 

by Chinese immigrants from the Riau islands. The majority of the island at that time was covered with Lowland 

Dipterocarp Forest, and with Coastal Hill Dipterocarp Forest on the ridges towards the centre of the island; aquatic 

Freshwater Swamp Forest (FWSF) and Mangrove Forest habitats occurred in the low-lying areas, while a smaller 

amount of Coastal Forest stretched along the sandy and rocky shores. Today, the great majority of this primeval forest 

coverage has been lost to land conversion, a process that started in the 19
th

 century. 

 

From a floristic point of view, the aquatic habitats are particularly vulnerable to species loss because they host   

specialist species restricted to those habitats. Consequently, the habitat loss to date in such aquatic locations has been 

substantial.  A recent accounting by Yee et al. (2010) has provided an estimate for the primeval coverage of mangrove 

habitat in Singapore and has also compared this to our current coverage. This account has helped us to appreciate fully 

the importance of conservation strategies for mangroves among the various aquatic habitats. We now need to follow 

through and produce a similar accounting for the FWSF habitat. 

 

The task of accounting for primeval FWSF habitat coverage, however, is somewhat more difficult because land 

conversions affecting this habitat occurred earlier than those affecting mangrove habitats. Extracting traces of 

Singapore’s original FWSF habitat from archived maps and records is much more difficult. The task requires a 

methodology that can draw on, or utilise every fragment of evidence available. Our hypothesis is that the original area 

of FWSF coverage in Singapore was significantly larger than current wisdom suggests. We also believe that by working 

with larger-scale datasets we should be able to provide an updated estimate. Our ultimate goal is to produce the best 

estimate possible for the primeval area of FWSF habitat. We expect that this estimate will then become a valuable tool 

in the development of future conservation strategies for the FWSF habitat. If our hypothesis is proven correct, the 

conservation value of the currently protected FWSF (mainly the Nee Soon Freshwater Swamp Forest) will be 

significantly increased. In addition, this new estimate will challenge us to consider further conservation strategies that 

must go beyond the domain of the Nature Reserves. 
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This paper represents a significant milestone along the way to determining Singapore’s primeval FWSF coverage. It 

outlines a reproducible Geographic Data Fusion approach to determining or ‘retrodicting’ the primeval coverage of 

FWSF, compensating for the rather fragmented nature of existing sources of information. We chose to develop our 

methodology first by referring to  the Sungei Seletar Catchment, simply because this was an area where we could most 

easily collect fairly abundant data originally observed on the ground, providing us with ‘ground truth’. We needed such 

data in order to calibrate and validate our model. 

 

 

LITERATURE REVIEW 

 

The earliest formal account of FWSF in Singapore resulted from investigations into the floristic aspects of this habitat 

by the late Professor E.J.H. Corner during his tenure as the Assistant Director of the Singapore Botanic Gardens. The 

documentation of his work had to wait until his retirement in 1978 and was published as a supplement to the Gardens 

Bulletin (Corner, 1978). Corner’s account of FWSF at Mandai Road is directly relevant to our investigation of the 

Sungei Seletar Catchment. 

 

The primeval extent of Mangrove, FWSF and Rainforest habitat were originally estimated by Richard Corlett (Corlett, 

1991) based on small-scale data sources; Singapore Botanic Gardens, the mangrove coverage documented by Corlett 

was further refined by Yee et al. (2010). Corlett’s FWSF estimate of some 20 years ago continues to be cited as the 

authority for primeval coverage of that habitat. However, this estimate of Corlett’s is also worthy of  

refinement/enhancement in much the same way that Yee et al. (2010) have recently undertaken for the mangrove 

habitat estimate. But for the time being, we will take the Corlett estimate of FWSF area (slightly modified due to Yee’s 

refinements of the mangrove extent) as the current authority for the extent of FWSF habitat island-wide. And for this 

paper, we will specifically review the section of the Corlett FWSF estimate that covers Sungei Seletar. 

 

Turner et al. (1996) correctly point out that investigation of Singapore’s FWSF habitat so far has been only limited in 

scope. There may be a simple explanation for this. As Corner testifies from the experience of his early 1930s studies 

(Corner, 1978), penetrating FWSF for the purpose of study is a difficult undertaking due to swampy terrain, the density 

of thorny rattans and the proliferation of stilt, buttress and pneumatophore roots. Perhaps this is one reason why the 

FWSF habitat has not enjoyed the same amount of attention than the mangrove habitat has. 

 

Formal structural and flora studies of the local FWSF habitat are limited to Corner’s original investigations as 

previously cited, to the National Parks Board (NParks) floristic surveys (Wong et al., 1994), and notable papers such as 

those published by Corlett (1991) and Turner et al. (1996). These latter two papers are of particular interest to us 

because each of them offers a different estimate for the geographic extent of swamp forest over a common location, i.e. 

the Nee Soon Freshwater Swamp Forest in the Sungei Seletar Catchment. 

 

 

INFORMATION SOURCES 

 

1. Archived Maps 

The National Archives of Singapore (NAS) maintains a collection of historical topographic and land cover maps dating 

back to 1924, the year when the first large-scale topographic maps were produced for Singapore (Mok, 2006).  Prior to 

1924 mapping was quite sparse and at small scale; the most useful maps for our purpose are those by J. T. Thomson 

(1845), H. E. McCallum (1885) and A. Murray (1898), which give us some concept of land development at three 

distinct epochs (Figure 1). Many of the early maps were more concerned with navigational aspects of the local waters 

than with land-use or occupation. This was consistent with government priorities of the day, i.e., commercial 

development of the free port of Singapore and the immediate environs of the town. The maps illustrated below give us 

some time-scale reference to early land development through road construction and gazettal of forest reserves. We will 

analyse this in more detail in a later section. 

 

   
J. T. Thomson (1845) H. E. McCallum (1885) A. Murray (1898) 

 Figure 1. Various pre-1900s maps of Singapore. 
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For the mid-1900s, we had access to a land over map published in 1937 and a topographic map published in 1948, both 

covering the Sungei Seletar Catchment. Maps from this mid-1900s period are considered more reliable than earlier 

topographic maps due to advances in map compilation technologies – such as aerial photography, aerial triangulation 

and the availability of stereoscopic plotting machines, as well as enhanced skills and techniques developed during the 

war years. The terrain model that we have built for our geographic analysis is of highest reliability when taken from 

maps of this vintage. 

 

2. Herbarium Records 

The Herbarium at the Singapore Botanic Gardens (NParks) had its origins in collections started by Henry James Murton 

(Superintendent of the Gardens 1875–1880) and later formally housed and organised in 1882 by Nathaniel Cantley 

(Superintendent of the Gardens 1881–88). Henry Ridley (Director of Singapore Botanic Gardens 1888–1912) took over 

from Cantley and enhanced the Herbarium with collections of the higher plants and ferns of the Malay Peninsula, to the 

extent that it enabled him to write the five-volume Flora of the Malay Peninsula (1922–1925). Most remarkably, the 

Herbarium and its collection survived World War II and the Japanese Occupation. This was due to the Japanese 

Government’s wartime policy that museums, libraries and scientific collections in occupied territories should be 

maintained in place. Today, the Herbarium maintains specimens and a database (BRAHMS), with records dating back 

to the late 1800s, along with information about the specimens’ original collection locations. For our project, the 

Herbarium specimens and various field notes relating to FWSF habitat and locations have played an important role in 

determining the primeval extent of this habitat. We are grateful for the assistance of NParks’ Herbarium in providing an 

extract from the BRAHMS database for use in this project. 

 

3. Annual Reports of the Singapore Botanic Gardens 

The annual reports of the Directors of the Singapore Botanic Gardens provide very useful information relevant to our 

research. For example, in 1889, Ridley reported on the proportions of swampy forest (FWSF) in various forest reserves 

throughout Singapore. He also reported the existence of a ‘razor grass swamp’ at Sungei Jurong. This type of 

information is invaluable to our project as it helps to validate (or invalidate) our hypothesis of swamp forest coverage, 

which otherwise would be based solely on topographic analysis. 

 

 

A BRIEF HISTORY OF LAND CONVERSION 

 

If we want to retrodict FWSF coverage in Singapore, then inevitably we have to confront the question of what happened 

to it. When viewing old topographic maps with a ‘cartographic eye’, one wonders why there is very little swamp forest 

shown even on maps published in the 1936–1946 period. ‘Fresh Water Swamp’ is a recognised classification with its 

own symbol in the map legends, yet the symbol is hardly seen on these maps. We are drawn to conclude that much of 

the land conversion activity that consumed the FWSF had already occurred earlier. In contrast, much of the mangrove 

habitat is still depicted on these maps, even though we know from the annual reports of the Forest Department that it 

would have been degraded by charcoal production and the harvesting of timber for fishing poles and the construction of 

‘kelongs’ (Malay for fishing platforms). The mangrove habitat generally was not yet completely obliterated, probably 

due to the fact that there was no alternative competing land use. Only later, when prawn farming became popular, and in 

the later 1900s when demand for residential and industrial land escalated, did mangrove habitat come into serious 

contention - the price of  modernisation. 

 

It is also apparent from the writings of E. J. H Corner (Corner, 1978) that some of the last remaining unprotected FWSF 

on the island was being cleared for Pineapple (Jurong Road) and for the Impounding Reservoir (Mandai Road) during 

his tenure as Assistant Director of the Singapore Botanic Gardens. Both of the two Singapore study plots documented 

by Corner were actually being cleared at the very time that he was conducting his flora survey at these locations. 

 

1. EARLY CHINESE AGRICULTURAL SOCIETY AND PRACTICES 

 

Before Sir Stamford Raffles landed on Singapore in 1819, Chinese immigrants from the Riau islands had already 

moved to Singapore sometime in the 1700s, possibly as refugees from fighting that had broken out among different 

dialect groups. From Jackson (1965), we learn that these early immigrants continued in Singapore with the only 

occupation they knew – Gambier and Pepper cultivation. By the time the British arrived, some 20 Gambier plantations 

are thought to have already been in existence, although these were known only because they were close to town. There 

could also have been more remote plantations on the island. However, these outlying plantations escaped official 

attention until 1846, when one such plantation was discovered accidentally along a branch of the Sungei Seletar (Pitt, 

1987). 



O’DEMPSEY & CHEW, 2013: Freshwater Swamp Forests 

124 

1a. Social organisation and the Kangchu system 

The early ‘Teochew’ immigrants (Chaozhou people, a dialect group originating from Chaoshan in eastern Guangdong 

province, southern China) not only brought their 

agricultural practices, but also their ‘Kangchu’ system of 

social organisation. The fundamental unit of organisation 

was the Kangkar, the riverine village headquarters for the 

Kangchu (head man). The whole area worked out of these 

headquarters. The Kangkar contained a number of 

Bangsals, which were the areas cleared and cultivated 

with Gambier and Pepper and included the processing 

facilities and ‘coolie lines’ (accommodation). Typically, 

9–10 men would work a single Bangsal in what we might 

today call a share-farming arrangement. 

 

As Bangsals became depleted after 15–25 years the 

planters moved outwards within the Kangkar to establish 

new Bangsals, leaving the abandoned areas to revert to 

‘Belukar’ (secondary forest) and ‘Lalang’ grass. 

 

Reliance on river transport meant Kangkars kept close to 

navigable river systems and they were typically located at 

the point of tidal influence (i.e. at an intertidal site where 

the tides rise and fall, periodically inundating the land 

with seawater). An added advantage of these intertidal 

locations would have been the ready supply of the back 

mangrove palm Nypa fruticans, the Nipah Palm (‘back 

mangrove’ comprises plants growing closer to the 

landward side of the mangrove; such plants may have 

similar tolerance of salinity and poor nutrition, yet do not 

qualify as ‘true mangrove’ species that typically hug the 

intertidal zones proper). Nipah leaves are commonly used for roof thatching, while other parts of the palm, such as its 

deliciously chewy ‘attap chee’ seeds, are harvested for other domestic uses (Ng & Sivasothi, 1999). 

 

The typical Kangkar village consisted of substantial central buildings essentially comprising the Kangchu’s residence 

and operational centre, around which were scattered shops and stores, often including an opium den and gambling 

house. Further out would have been pig sties, vegetable farms and orchards. Traces of this land tenure system remain to 

this day in the names of various localities in Singapore: familiar place names such as Lim Chu Kang, Yio Chu Kang 

and Choa Chu Kang are geographic markers for these Gambier production centres of the 1800s. 

 

It should be noted that the road system in Singapore was very limited in the early 1800s, with a road to Bukit Timah 

established only in 1840 and to Kranji by 1845 (Lum & Sharp, 1996). Hence, for many years after the arrival of Raffles, 

remote areas were accessible only via navigable waterways. This inevitably meant that the development of these remote 

areas began along the rivers, expanding outwards from the central village (Chu Kang). 

 

 

1b. Gambier and Pepper cultivation 

Gambier and Pepper were typically grown together for crop management reasons, since neither was economically 

viable in its own right. Although Pepper was lucrative, it was seasonal and so did not require workers to be constantly 

on hand. In contrast, Gambier required almost continuous attention, so this crop ensured that a workforce was ready 

onsite when occasionally needed for the harvesting or maintenance of the pepper vines. Additionally, the waste runoff 

from the gambier-boiling process provided manure for the pepper plants. From Ridley (1912), it is known that while 

both these crops preferred moist conditions, neither could thrive in ponded water (swampy ground), so typically they 

were planted on low-altitude sites, never on steep hillsides or at altitudes greater than 200-300 ft (61-91 m). After a 

period of 15–20 years the gambier and the pepper crops would exhaust the nutrients in the soil and would start to 

decline. 

 

The great majority of Gambier and Pepper plantations were concentrated to the north and west of Singapore due to 

better soil conditions in that area. The eastern side was considered more swampy. Gambier particularly could not thrive 

in stagnant soil, nor on land subject to frequent flooding (Pitt, 1987). Timber resources within the confines of any 

Bangsal commonly were fully consumed during the time that it was occupied. Thus the harvesting of FWSF standing 

timber for firewood and crop-support stakes is a very plausible explanation for some FWSF losses. Jackson (1965) 

reports that towards the end of the Gambier era, timber resources had declined to such an extent that it was difficult to 

find even the simple stakes needed for growing Gambier and Pepper vines. This was one of the reasons for the eventual 

 
 

  Figure 2. Kangkar impression (Jackson, 1965). 
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decline of these crops in Singapore. There were, of course, other reasons for their decline. Among these was the 

colonial government’s move in the mid 1850s to enforce a land title system that made shifting cultivation more difficult. 

In addition, the falling price of Gambier would also have been a significant factor in that crop’s decline. The total 

acreage under Gambier and Pepper dropped significantly in 1890, from 110,000 acres (4,445 ha) to 60,000 acres 

(24,281 ha), remaining at this level until 1910, after which the acreage dropped below 1,000 acres (404 ha). 

 

Jackson observed from the McCallum map of 1885 (Figure 3) that by the late 1800s, Gambier and Pepper plantations 

were concentrated in the north and west, and that two significant Kangkars (Yio Chu Kang and Chan Chu Kang) were 

shown as devoid of Gambier and Pepper Bangsals. Jackson interprets this to mean that the Sungei Seletar Catchment is 

likely to have been amongst the very first remote areas of Singapore to come under Gambier and Pepper cultivation. 

 

 

 
 

Figure 3. Kangkars and Bangsals in Singapore (1885).  

 

 

1c. Early cultivation in the Sungei Seletar Catchment 

The Sungei Seletar district Gambier and Pepper cultivations are believed to have been pioneered by Neo Liang Quan 

who was a gambier planter and fugitive from the Riau islands some time in the early 1840s. Due to the lack of road 

infrastructure Neo’s plantations were not included in J. T. Thomson’s original survey map of Singapore; they were 

discovered by accident, circa 1846 (Pitt, 1987). 

 

 Later, other planters became active in the area including Chan Ah Lak, the ‘Kangchu’ of Chan Chu Kang (later 

renamed as Nee Soon Village). This Kangkar is thought to have had 13 Bangsals and to have employed no more than 

170 coolies, in 1851. This was substantially fewer than Lim Chu Kang, also located in the north-west district, which had 

30 Bangsals and some 250 coolies. From this evidence, it can be deduced that Gambier and Pepper cultivation was less 

extensive in the Sungei Seletar Catchment than in other areas. It should be noted however that the records really only 

start circa 1850, when the Straits Settlements (East India Company) Government first required planters to acquire title 

to the land they occupied. Prior to the 1850s, the records essentially are anecdotal only. 

 

 

1d. Market gardening 

Vegetable farming is known to have occurred in the vicinity of Chan Chu Kang village, and extended towards the 

current location of the Seletar Reservoir. This vegetable-growing area, as we will see later, is most likely to have been 

converted FWSF. Today it may be recognised as the general area where Upper Thomson Road intersects the Upper 

Seletar expressway, then extending west along the original Mandai Road. Today we see Grasses, wild Bananas and 

Albizia trees in this former agricultural area. The Nee Soon Freshwater Swamp Forest abruptly ends exactly at the 

western boundary of these now abandoned farm lands. A golf course and driving range have also been developed in this 
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area. It should be noted however that the literature searched so far reveals no specific reference to the clearing of swamp 

forest for this purpose. 

 

During the early 1900s, Singapore’s growing population and the resulting shortage of food caused the colonial 

government some concern. Hence government encouraged residents to take up market gardening to help satisfy the 

demand. It is known that “Crown Reserve land” on the “right side” of Sungei Seletar was converted to market 

gardening and general farming at the instigation of Lim Nee Soon (Pitt, 1987) sometime in the early 1900s. We have 

good reason to believe that this “Crown Reserve” was the South Seletar Forest Reserve (see Figure 9) due to the 

number of small farms, orchards and scattered buildings depicted on the 1936 land cover map for this area. In addition 

to this, we interpret the numerous cart tracks and land subdivisions evident on the cadastral maps (compiled for land 

taxation purposes) of the same period as evidence of rural land-conversion activity. This is the area generally known as 

Yio Chu Kang today. Moreover, all of Lim Nee Soon’s Rubber and Pineapple holdings were known to be north of the 

river. Any FWSF in this area apparently was gone by the time the 1936 map was compiled. 

 

The most significant evidence of land conversion for agricultural purposes in swamp forest comes from the cadastral 

maps of the mid-1900s which show subdivisions for small farms as well as ‘food cultivation reserve’ sites. These 

actually penetrate the Nee Soon Freshwater Swamp Forest. Traces of these farms are evident on the ground today in the 

vicinity of Seletar Expressway and Upper Thomson Road. 

 

 

  
Food cultivation reserve land and farmland subdivisions along Sungei 
Seletar. 

Subdivisions penetrated the Nee Soon Swamp Forest. 

 

Figure 4. Farming activity on Sungei Seletar, west of Nee Soon Village. 

 

 

2. Reservoir Construction 

One of the few land conversion activities that we can be certain was directly responsible for the destruction of FWSF is 

the construction of reservoirs. The MacRitchie Reservoir was originally constructed in the 1860s on a branch of the 

Kalang River. However, the island’s ever-increasing population rendered this reservoir inadequate towards the turn of 

the century. By 1902, the Municipal Engineer R. Peirce had laid plans for two more reservoirs on the Kalang and 

Seletar rivers. In 1907, tenders were called for the construction of the Kalang Reservoir (The Singapore Free Press and 

Mercantile Advertiser, 1907). Construction work for the Kalang Reservoir included the clearance of swamps (Pitt, 

1987) and was completed in 1911. A number of farming communities including squatters were resettled at the time 

construction began. This suggests that there was agricultural activity in the area at that time. Because of delays caused 

by funding issues, construction of the Sungei Seletar Reservoir did not commence until 1920. The two reservoirs were 

renamed as ‘Seletar’ (from ‘Peirce’) and ‘Peirce’ (from ‘Kalang’) in 1922 by which time Mr Peirce had departed 

Singapore. 

 

The Sungei Seletar Reservoir has undergone a number of changes over the years since its original construction in 1920: 

the reservoir was expanded in 1940 and in 1969, another larger expansion brought it up to its present size. Corner was 

investigating the flora of the swamp forest in 1933 (Corner, 1978) at the same time as clearing work had commenced 

for the first expansion of this reservoir. His plots A and B were inundated by 1940, but his plot C, which he never fully 

described, remained intact on the north side of the old Mandai Road until the final expansion of the Sungei Seletar 

Reservoir occurred between 1967–1969. The great majority of FWSF losses from the Sungei Seletar Catchment 

occurred during the 1967 expansion of this reservoir. The Lower Seletar Reservoir was constructed in 1986, and 

consumed the mangrove habitat of Sungei Seletar downstream from the Nee Soon Village location with no significant 

loss of FWSF habitat. 
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3. Rubber Cultivation 

In the late 19
th

 century, Henry Murton, the first Superintendent of the Singapore Botanic Gardens, planted 11 seedlings 

of the Brazilian Rubber Tree (Hevea brasiliensis) provided by England’s Kew Gardens in 1877. These trees essentially 

languished until Sir Henry Ridley was appointed as the first 

Director of the Singapore Botanic Gardens in 1888. By then, 

these trees had reached a stage of maturity that allowed Ridley to 

develop a sustainable harvesting technique and it was through his 

efforts that the Brazilian Rubber Tree became a popular 

commercial crop on the Malay Peninsula. The rise of the rubber-

tyred motor car as a common means of transport in the early 

1900s fuelled demand for the latex produced by H. brasiliensis. 

Rubber became one of the world’s most important crops just at 

the time when demand for Gambier was dwindling and the land 

and firewood resources required to grow the crop were anyway 

exhausted. 

 

We know that H. brasiliensis did not thrive on poorly drained 

soils and it is clear from topographic maps dating from the early 

to middle 1900s that rubber was planted on dry land only, leaving 

strips of unplanted land along the drainage systems where the ground was either swampy and/or subject to frequent 

flooding. Tracing the lines that demarcate the borders of rubber plantations alongside the streams on old maps gives a 

very good indication of where there was swampy ground that would have been unsuitable for planting rubber. Such 

swampy ground most likely was a former swamp forest habitat. It 

is apparent from the maps that many of these areas not planted 

with rubber did however support other types of cultivation, most 

likely vegetable farming. In later years there are also records of 

aquaculture ponds being established in low-lying swampy areas 

(Lim & Lim, 1987). Such areas can be taken as evidence of land 

that potentially hosted FWSF originally. For the Sungei Seletar 

Catchment however, this type of evidence is substantially 

reduced by the presence of the Chan Chu Kang Forest Reserve 

where no rubber plantations existed. 

 

 

4. Pineapple Cultivation 

During the early 1900s, Pineapple became a viable crop in the 

region due to the invention of canning technology – previously 

pineapples could not be easily stored or exported and so were not 

viable for large-scale production. Soon pineapple canning 

factories sprang up throughout Singapore. A pineapple research 

station was established close to where the Sungei Buloh Wetland 

Reserve is located today, indicating the importance of this crop to 

the economy. 

 

For the rubber planters, Pineapple was an attractive cash crop, 

since pineapple revenues would offset the 5–7 years it took for 

newly planted H. brasiliensis seedlings to provide any return on 

investment. Pineapples were usually interplanted with Rubber for 

the first several years until the rubber trees overshadowed them.  

We know from Corner’s account of his Jurong swamp forest plot 

(Corner, 1978) that some FWSF habitats were being converted to 

pineapple production by the 1930s. On historical maps substantial 

drainage works are evident in the area of Corner’s plot, indicating 

that FWSF was in fact converted directly to agriculture. This 

drainage work occurred prior to the 1930s.  

 

In the case of the Chew Boon Lay Estate west of the Jurong River 

(Figure 6) too, it is evident from a reading of the map symbols as 

well as from Corner’s account of the area (Corner, 1978) that 

pineapple farming was undertaken on these converted FWSF areas. Lim Nee Soon is known to have invested in and 

cultivated a substantial amount of pineapple in the Sungei Seletar Catchment. He also constructed a pineapple 

processing plant in Nee Soon Village. But as most of these plantations were north of the river, on higher ground, it is 

unlikely that his pineapple plantations encroached on FWSF. 

 
 

Figure 5. Colour-enhanced 1936 Land Cover map 
(swampy areas are shaded blue).  

 
 

Figure 6. A 1945 Topographic map showing pineapple 
cultivation over former FWSF at Jurong. 

 
 

Figure 7. FWSF was cleared for pineapples at Jurong 

(Corner, 1978). 
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Our conclusion here is that while it is known that FWSF was converted directly to pineapple plantations in some parts 

of Singapore, this type of conversion probably did not occur in the Sungei Seletar Catchment. 

 

 

5. The Forest Reserves 

Around 1850, the Straits Settlements Government began to address land administration issues, initiating a requirement 

for planters to acquire title to the land that they occupied. It is also from 1850 onwards that Forest Reserves began to be 

gazetted over the island. We can see from the McCallum map of 1885 (Figure 8) that the Chan Chu Kang and Sempang 

forests within the Sungei Seletar Catchment, as well as the Bukit Mandai and Sembawang Forest Reserves adjoining the 

Catchment, already existed at the time of publication. 

 

  

 Figure 8. Island of Singapore and its Dependencies, 1885 (left) and 1898 (right). 

 

From the Murray map of 1898, we note that the Seletar Forest Reserve had been created by then, apparently gazetted 

some time between 1885 and 1898. A great deal of useful information on forest habitat can be gleaned from the Annual 

Reports of the Singapore Botanic Gardens, and it is from Ridley’s 1889 report that we are able to summarise forest 

habitats for the forest reserves in and around the Sungei Seletar Catchment, as follows: 

 
    Table 1. Summary Habitat Notes for Forest Reserves (1889). 

Forest Reserve Summary of Habitat 

Chan Chu Kang 50% “Very Good Forest”, 50% Lalang, Brushwood & Secondary  Forest 

Seletar 12% “Good Forest”, 88% Lalang, Mangrove & Swampy Jungle 

Sembawang 10 % “Good Forest”, 60% Lalang, Brushwood & Secondary Forest, 30% Swampy Jungle 

Bukit Mandai 30% “Good Forest”, 70% Lalang & Brushwood 

 
From this, we are able to deduce the following interesting observations: 

 

 Forest reserves with ‘good forest’ were typically hilly locations – Gambier planters avoided steep hillsides and it is 

possible that the survival of good forest in these reserves was due to steeper terrain that had discouraged the planters 

prior to the area’s gazettal for the reserves. 

 

 For the reserves on flatter ground, only Mangrove and Swampy Forest remained. Ridley identified the remaining land 

cover as Lalang, Brushwood and Secondary Forest – the Lalang and Brushwood areas are likely to have been former 

Bangsals, indicating that Gambier and Pepper cultivation occurred in these areas prior to gazettal of the forest from 

1850 onwards. 

 

 The reporting of ‘swampy forest’ indicates that FWSF habitat survived up to the time of the report at least, i.e., 1889.  

Apparently, the Gambier and Pepper operations did not encroach on the swampy forest in this area and their demand for 

firewood did not eat into it either.  

 

On this last point, most probably there was less harvesting pressure on the swamp forest for firewood and stakes simply 

because of the lower intensity of Gambier cultivation in the Sungei Seletar Catchment. The FWSF habitat would have 

been more vulnerable to the more intense cultivation regimes that are likely to have existed to the north and west of the 

island. 
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The map below (Figure 9) illustrates the Forest Reserves (1900) and Bangsals (1850–1880) superimposed on Land 

Cover categories adapted from the 1936 Land Cover map. Note that Bangsals prior to 1850 were not surveyed (no land 

title system was in place) and therefore are not shown here: 

 

 
 

 Figure 9. 1900 Forest Reserves and 1850–1880 Bangsals superimposed on 1936 land cover. 

 

 

WHAT HAPPENED TO THE FRESHWATER SWAMP FOREST? 

 

This is a question we cannot answer definitively in this paper. We can only refer to the areas of FWSF that were 

consumed by reservoir construction in the upper part of the Catchment (west of Upper Thomson Road). However, we 

can provide some insight based on what we have found so far in the literature, as summarised above. It is possible that 

further, deeper investigation of the archived records could reveal a more detailed and definitive account of the land 

conversions responsible for the loss of FWSF habitat. But time constraints have dictated against us in the context of this 

paper. For the time being, our conclusion is as follows: 

 

Gambier and Pepper were known to fail in swampy conditions or on land subject to frequent flooding. Hence, we take it 

that no significant amount of FWSF was converted for this type of cultivation. This opinion is corroborated by Ridley 

(1889) who reported Swampy Forest (FWSF) and Mangrove Forest existed along with Lalang and Brushwood in the 

Seletar Forest Reserve. The lalang and brushwood areas would have been the abandoned Gambier and Pepper 

cultivations. It is evident that the FWSF was left intact by this early plantation activity. 

 

Having established that the Sungei Seletar FWSF habitat largely survived to the early 1900s, we must now consider the 

impact of Rubber, Pineapple and Vegetable cultivation. We know that Rubber also would not thrive in swampy 

conditions and from the 1936 Land Cover map, we are able to establish that the rubber plantations always stopped along 

the edge of the low-lying floodplains of the river systems. These floodplains are the locations where FWSF habitat 

would have originally thrived and therefore on this basis, we also rule out Rubber plantations as being a likely cause of 

FWSF loss. 

 

We know that Lim Nee Soon invested in pineapple production and that pineapples were an interim crop planted 

between rows of young rubber seedlings during the early 1900s. The purpose was to generate more immediate cash 

flow from this faster growing crop while waiting for the rubber trees to mature to the point where they could be tapped 

for latex. On the other hand, it was established by Corner (1978) that FWSF was being converted for pineapple 
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production in the early 1930s at least, in the Jurong area. We have been unable to determine whether or not Lim Nee 

Soon cleared FWSF for pineapple cultivation. However, we believe his pineapple cultivation would have been 

associated with his rubber plantations and all of this plantation area was located north of Sungei Seletar. But most of the 

FWSF east of Upper Thomson Road occurred on the south side and within the Seletar Forest Reserve – so we also rule 

out pineapple cultivation as a likely cause of FWSF loss. 

 

By the early 1900s, the Chan Chu Kang village was becoming a thriving rural centre. The construction of a pineapple 

processing plant and a rubber factory by Lim Nee Soon brought employment opportunities and attracted people to the 

area. At the same time, the Straits Settlements Government was becoming concerned about food supply for the 

increasing population and several schemes were launched to encourage villagers in rural areas to become primary 

producers. Lim Nee Soon, in his capacity as a community leader, negotiated with the Straits Settlements Government to 

allow vegetable farming on Government Reserve lands on the “right side” of the Sungei Seletar. Consequently, many 

villagers flocked to this area to farm it (Pitt, 1987). This area is most likely to have been the Seletar Forest Reserve; we 

can see from the 1936 land cover map that substantial vegetable farms and orchards had been established in this area. 

We also know that toward the mid-1900s, swampy low-lying land was being converted for aquaculture (Lim & Lim, 

1987) in that locality and that such areas were almost certainly FWSF. Remnants of these aquaculture ponds can still be 

found in the adjoining catchment to the north of Sungei Seletar within Bottle Tree Park. 

 

The conversion from plantation and farming lands to Housing and Development Board (HDB) estates and the attendant 

canalisation of more recent times is likely to have been a secondary and minor contributing factor to the loss of FWSF. 

We believe it most probable that it was market gardening and aquaculture activities up to the mid-1900s that were 

responsible for the majority of FWSF habitat loss in the lower parts of the Sungei Seletar Catchment. 

 

 

PLANT SPECIES DISTRIBUTION IN FRESHWATER SWAMP FOREST 

 

Given a complete list of all the vascular plants of Singapore, you would be hard pressed to draw a line that demarcates 

swamp forest species from dry land species. In between the species that grow exclusively in dry land forests and those 

that are exclusively found in the wetter parts of the swamp forest, there are many transitional or peripheral species that 

can occur in both habitats. 

 

Turner et al. (1996) provided a checklist of some 600 vascular plant species that are known to occur in the Nee Soon 

FWSF. This list is based on a collation of records made by Corner, from NParks surveys and from Herbarium records 

for which the location given is ‘Chan Chu Kang’. We note that the inclusion of Chan Chu Kang records could have 

resulted in some overestimation due to collections from 

outside the swamp forest proper. Corner (1978) alone provided 

a list of 400 species found in the FWSF of Jurong and Mandai 

during his early 1930s studies.  

 

For our purpose, we will take the median of these at 

approximately 500 species known from FWSF in Singapore. 

We further estimate (or rather, ‘guesstimate’) that some 150–

200 plant species would be exclusive to this habitat; examples 

include Kopsia singaporensis, Shorea platycarpa and 

Syzygium papillosum. The remainder are either transitional or 

peripheral species, examples of which include Knema 

malayana, Lithocarpus bennettii and Hopea mengarawan, 

which are more likely to be found at the edges of the swamp 

forest rather than actually inside it. Included also in the non-

exclusive species are those that are able to grow either in 

swamp forest or on dry land, e.g., Bhesa paniculata, 

Blumeodendron tokbrai and Artocarpus spp. 

 

Figure 10 illustrates the relative proportions of FWSF species 

compared to general habitat types for Singapore. We note that 

a more detailed investigation is required to improve on our estimate of the number of FWSF-exclusive plant species 

(150–200). 

 

This transition scenario presents us with a dilemma: how to establish a line on a map where all areas on one side are dry 

land forest and all those on the other are FWSF habitat? Simply drawing the line around the area that is actually 

swampy, as shown on some topographic maps, would result in an underestimation of the FWSF. Such a line would also 

not be consistent with Whitmore’s (1975) description of FWSF: he defined FWSF as extending into areas that are only 

occasionally or seasonally flooded, areas that would normally be considered dry-land in the intervening periods. 

 

  Figure 10. Proportion of FWSF species/habitat, Singapore. 
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Our aim then, is to delineate between the actual swampy or near-permanently inundated land and the area that 

apparently is well drained on account of slope formation and therefore likely to host only exclusively dry-land species. 

We can achieve this with a Geoprocessing Model. 

 

 

THE GEOMORPHOLOGY OF FRESHWATER SWAMP FOREST 

 

1. Swamp Forest and Swampy Streams 

The swamp forests in Singapore tend to form along and around existing streams, starting around the point where the 

average longitudinal slope is less than 4°. Above this value, the streams typically move faster and the substrate is more 

likely to be sandy. In such environments, although we will find occasional swamp forest species along the banks, the 

stream bed is generally clear of vegetation. This is most likely because seeds and seedlings get washed away during 

heavy rainfall periods. We do not consider these habitats to be true swamp forest. 

 

The upper reaches of the swampy streams occur on longitudinal slopes of between 3° and 2°. However, during the 

Central Catchment Survey Phase II (1994–1997), fauna surveyors penetrating the stream systems noted that many 

streams will drop in ‘steps’, with alternating fast flows and  swamps forming along the flatter slower sections (Murphy, 

1996). For these higher swampy streams, the occurrence of swamp species is limited to a narrow strip a few metres 

either side of the stream. Typically, these swampy streams do not exhibit a great diversity of flora. However, they do 

differ from the steeper (> 4°) streams in that vegetation will be found growing either within the stream or very close to 

it, generally in swampy or flooded conditions. Often, Pandanus species will be predominant in this habitat. 

 

As the stream approaches the flat areas behind the back mangroves, the longitudinal slope is less than 2° and is likely to 

break into several streamlets over a wider area; here quantitatively more and also more diverse swamp species are 

found. It is these flat areas that become temporarily flooded during extended periods of rain or during extreme rain 

events. In these flat floodplain habitats, swamp forest contributes to a unique and non-uniform micro-terrain that serves 

to further obstruct the flow of water through the floodplain. The nature of this micro-terrain was best described by 

Corner (1978) as follows: 

 

“The old leaves of the massive palms such as Livistona and Oncosperma and Pholidocarpus often created more or less 

barren patches by smothering or smashing the undergrowth. Along with rotans, their strong roots created special 

surroundings in the soil. Floods swept fallen trunks and limbs into heaps, padded with drifted humus, to create barriers, 

mounds and pools where water was trapped and this diversified the apparently uniform habitat. Pigs rooted up the soil 

in search of edible rhizomes. Elephants entering the swamp in dryer periods smashed pathways and pulled up seedlings, 

saplings and many kinds of monocotyledon. The result was the chaos of mounds, pools, muddy creeks, small clearings 

and multifarious debris among stands of trees with stilt roots and pneumatophores, often so closely set as to obstruct 

passage.” 

 

 

2. Topographic Analysis of Swamp Forest 

Using the contours of the 1945 topographic map (HIND series), we have produced a Digital Elevation Model (DEM) 

from which stream profiles and cross sections are extracted. We extract these profiles in areas known to us as either 

swamp forest or swampy streams; from this we are able to determine empirically the geomorphic circumstances that are 

conducive to formation of swamp forest or swampy streams. 

 

It is important at this juncture to take note of the limitations of topographic maps. Specifically, the contours that 

describe the height and form of the terrain are generalisations, which means that small variations in the uniformity of 

slope will be lost in this form of presentation. For example, ‘step swamps’ as described by Murphy (1996) will not 

appear on a topographic map. As a result, we have no choice but to assume that the slope of a stream between two 

contour lines is indeed uniform, and our resulting analysis naturally will be generalised to the same extent. 

 

The following map (Figure 11) illustrates the locations of cross and longitudinal sections obtained from the DEM in the 

locality covered by the Nee Soon Swamp Forest. 
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 Figure 11. Swamp Forest profiles. 

 

 

2a. Cross sections 

The cross sections obtained from the DEM indicate swamp forest occurring on a larger range of slopes than one might 

expect. For the swampy streams where the longitudinal slope is between 4° and 2° we are measuring cross section 

slopes up to 4°–6° , while downstream where the flood plain is wider, we are finding swamp forest occurring in the 

slope band from 0°–2° as we would expect. We attribute this finding to the nature of our source data and subsequent 

processing, as follows: 

 

 The DEM is produced from a triangulated network of points obtained from the 

digitised contours of topographic maps; 

 Where the contours are closer together, the error in slope due to any position 

error in the contours is greater. 

 

At the location labeled A in Figure 12, the 50ft and 75ft contours are 

approximately 26 metres apart. The slope is computed as 16.3° = tan
-1

((25ft  

0.3048)/26m). 

If the relative distance between contours is in error by three metres, the slope 

would be 14.7°, a difference of 1.6°. 

If you now consider the longitudinal section between points A and B, the slope is  

0.5443° = tan
-1

((25ft  0.3048)/802m). If the same three-metre relative error in 

the position of the contours is considered, our slope calculation would be 0.5423°, 

a negligible difference of 0.002°. 

From this, we can determine that longitudinal slopes extracted from the DEM are 

more reliable than cross-sectional slopes. In the profile diagrams below (Figure 

13), the approximate known extent of swamp forest is indicated as a thickened 

line. 
 

 

 

 Figure 12. Contour Map sample. 

A 

B 
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 Figure 13. Swamp Stream cross sections. 

 

 

2b. Long sections 
From the long section profile below, we note that the swampy streams occur below 4° slopes. It is also noteworthy that 

there is a sudden change in slope at the highest point of the swampy stream; this is likely to be a result of gully erosion 

occurring along these streams. Since we have established that the contour-derived slopes for the stream long sections 

are reliable, we will directly exploit this terrain feature in our Geoprocessing Model. 
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 Figure 14. Swamp Stream long sections. 

 

 

2c. Formulating a Geoprocessing Strategy 

By combining our knowledge of the accuracy of slopes derived from topographic maps with our DEM-measured 

swampy stream profiles from known FWSF areas, we can devise a topographical analysis model capable of predicting 

(or retrodicting) areas likely to host FWSF. The capabilities and limitations of our contour-derived DEM for prediction 

of FWSF are as follows: 

 Swampy Streams can occur where the longitudinal slope is less than 4° and above 2°.   

 Swamp Forest proper is likely to occur where streams have a longitudinal slope less than 2° and a cross section 

slope for the floodplain of less than 4°. 
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 Our ability to identify the streams by longitudinal slope is good due to the accuracy of slope calculation in this 

direction. 

 Our ability to identify the width (orthogonal, or at a right angle to the stream) of swamp forest coverage is less 

reliable. 

From this, we can devise a geoprocessing strategy as follows: 

 Identify and select streams with longitudinal slopes < 4°. These will be fairly reliable estimates for the location 

of the swampy streams themselves. 

 Use a cost-path algorithm to radiate outwards from the streams until some threshold is reached. We realise we 

cannot compute the threshold due to the accuracy limitations of cross section slopes. 

 We will choose a threshold by gradually increasing the cost accumulation threshold, until the area included 

coincides with a ‘known’ extent of FWSF. 

 The known extent of FWSF can be determined by field observations, Herbarium records and scientific 

accounts of FWSF in the area. 

 

The Geographic Data Fusion Approach 

The basic idea behind the Data Fusion Model (Figure 15) is that topographic information obtained from archived 

topographic maps can be converted into a DEM. This model may then be analysed using Geographic Information 

System (GIS) technology to find low-lying and poorly drained areas that might be conducive to the formation of FWSF. 

 

The candidate FWSF areas thus produced still need to be validated to confirm if it is likely that FWSF was historically 

present at these locations. For this, we turn to the Herbarium records, available literature and to some extent, current 

field observations. Herbarium records are of particular importance because the first records date back to the late 1800s, 

coinciding with the time when Ridley collected most prolifically in Singapore. 

 

 

SELECTION OF TARGET SPECIES 

 

The process involves selecting a range of target species that have a high affinity for swamp forest from the Herbarium 

records (extracted from the BRAHMS database) and utilising any location data stored with the BRAHMS record. The 

detail level for location information stored with the Herbarium record is quite variable and may be classified as follows: 

 
    Table 2. Classes of Location Information available with Herbarium Records. 

Location Classification Utility for our project 

No location information Many of the Ridley records fall into this category. We hope that the Ridley Diaries might help 

us to obtain reasonable locations for many of these records. 

General locality These records are of marginal use to us; some of the Ridley records that fall into this category 

may be redeemable once we gain access to the Ridley Diaries. 

Forest Reserve These types of records are reasonably useful, since they confirm the existence of FWSF in a 

particular reserve. 

Road Milestone or address These records, though few in number are of the highest utility, because they allow us to 

pinpoint a specimen location down to a few hundred metres or to a particular part of the 

swamp forest near the referenced milestone. Of the historical collectors, Sinclair and Corner 

should be credited with having the foresight to provide such detailed location information with 

their collections. 
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  Figure 15. Geographic Data Fusion concept. 
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The selection of FWSF species from BRAHMS database is as follows: 

 

    Table 3. Selection of FWSF Species from BRAHMS extract. 

Family Species  Family Species 

Anacardiaceae Campnosperma squamatum  Myristicaceae 

 

Horsfieldia irya 

Annonaceae Polyalthia glauca  Horsfieldia polyspherula 

Xylopia fusca  Knema conferta 

Apocynaceae Kopsia singaporensis  Knema intermedia 

Arecaceae 

 

Eleiodoxa conferta  Myristica elliptica 

Daemonorops angustifolia  Myristica iners 

Daemonorops longipes   Myristica lowiana 

Daemonorops sabut  Myrtaceae Syzygium cerinum 

Salacca affinis   Syzygium pseudocrenulatum 

Burseraceae  Santiria laevigata  Orchidaceae 

 

Cystorchis variegata 

Celastraceae Lophopetalum multinervium  Hetaeria obliqua 

Dipterocarpaceae Shorea platycarpa  Nephelaphyllum pulchrum 

Euphorbiaceae Macaranga recurvata  Neuwiedia griffithii 

Fagaceae Lithocarpus bennettii  Plocoglottis gigantea 

Icacinaceae Stemonurus scorpioides  Plocoglottis javanica 

Malvaceae 

  

Neesia malayana  Pandanaceae Pandanus atrocarpus 

Sterculia macrophylla  Rhizophoraceae Pellacalyx axillaris 

Aglaia rubiginosa  Sapindaceae Pometia pinnata 

Myristicaceae 

 

Gymnacranthera bancana  Sapotaceae  Madhuca motleyana 

Gymnacranthera farquhariana   Palaquium xanthochymum 

Horsfieldia crassifolia  

 

 

 

 
FWSF IN LITERATURE 

 

With respect to the literature, there is a small selection that includes articles in the Gardens Bulletin and Annual Reports 

of the Singapore Botanic Gardens, such as Ridley (1889), as well as Corner’s account of FWSF in Singapore and Johor 

(Corner, 1978). The two FWSF plots studied by Corner may be accurately geo-located from information provided in his 

monograph. The Annual Reports provide evidence of the existence of FWSF at the Forest Reserve level, and those 

dating back to Ridley’s time are most useful for qualifying the existence of FWSF in reserves that are long gone.  

 

There are other sources of information which were tentatively inaccessible, but which are worth pursuing in the longer 

term. These include the papers and diaries of Henry Ridley and Isaac Burkill that are archived at the Kew Gardens 

library in England. We anticipate that these diaries and field notes might mention specific locations for collections, so 

that the field trip dates could be correlated with the specimen collection dates to produce a good estimate of the original 

collection location. This would validate the existence of FWSF at a particular location. 

 

 

Field Observations 

Additionally, there are a number of areas inside as well as outside of the Nature Reserves that are known to us as FWSF 

habitat sites, even though there are no Herbarium records relating to these locations. Such first-hand field observations 

provide living evidence of the former FWSF habitat and serve our needs well in the validation of the topographic 

model. In some cases, such as that of Admiralty Park in the north of Singapore, the FWSF is highly degraded and 

limited in extent compared to its former glory – at such sites we can rely only on the occurrence of a few stems of some 

wretched looking trees. 
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TOPOGRAPHIC GEOPROCESSING MODEL 

 

We have developed a Topographic Geoprocessing Model using the ArcGIS ® Geoprocessing toolset. Using inputs 

digitised from topographic maps, we have tuned the model to produce a polygon feature dataset representing low-lying 

poorly drained areas (i.e., candidate FWSF areas). The model is described in detail below (Figure 16). 

 

This model is stored in the Geodatabase along with the feature datasets used in this project. The model may be executed 

repeatedly, so long as the four prerequisite feature datasets (described below) are available and populated. This means 

that the model may be reused for different catchments as data collection is completed. 

 

 
 

 Figure 16. Geoprocessing Model for retrodicting FWSF. 
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1. Data Sources and Preparation 

A triangulated Irregular Grid Digital Elevation model is constructed from information digitised from contour maps. The 

contours, ridgelines and streams are digitised from archived topographic maps into separate feature datasets for 

convenience in later processing. The preparation of these datasets is time consuming and requires skill in the 

interpretation of ridge lines and stream lines. 

 

The recommended approach is to scan the source topographic maps and then geo-reference them to a common 

coordinate system. In our case, we chose to use the Cassini/Kertau Spatial Reference System currently in use by 

NParks. The geo-referenced images may then be loaded as a background image in ArcGIS, thus allowing the collection 

of terrain features directly from the display. 

 

 
  Table 4. Preparation of Data Sources. 

 FormLines A polyline feature class directly digitised from the 

contour maps, with heights expressed in feet. The 

vertices of the features in this dataset are used as mass 

points in generating the Triangulated Irregular Network 

(TIN) model needed for topographic analysis. 

 

 

   

 RidgeLines A polyline feature class representing the tops of ridges 

and hilltops is interpreted from the contours and spot 

heights found on the topographic maps. These features 

help to minimise ‘step artefacts’ along ridges in the 

resulting TIN. 

 

   

 StreamLines A polyline feature class representing valley floor as 

interpreted from the contours and streams shown on the 

source topographic map. The purpose of this feature 

dataset is to delineate a hydrologically logical drainage 

network within the TIN. This dataset is of critical 

importance to the model. 

 

   

 ProcessMask Unseen in the model diagram above is a processing mask 

set as a Model Environment property. This polygon 

feature class delineates the extent of the subject 

catchment excluding mangrove areas. This feature 

dataset is directly digitised from an archived topographic 

map showing the mangrove areas. 
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2. Geoprocessing 

The ArcGIS ® Geoprocessing tools are used to produce a TIN and DEM from the input feature classes representing the 

terrain. The processing applies various geoprocessing operators to produce derivative datasets, such as a Raster Datasets 

representing Elevation and Slope, as well as Vector Datasets representing Low Gradient Streams. These derivative 

datasets are analysed using the Path Distance algorithm to produce a Raster Dataset that will represent the candidate 

areas that are topographically conducive to the formation of FWSF. Subsequent processing converts this Raster into a 

polygon feature dataset, which is smoothed and from which the candidate FWSF areas are calculated. 

 

 
 Table 5. Geoprocessing Components. 

 Create TIN Geoprocessing tool that produces a Delaunay TIN 

representing the terrain as a collection of triangular 

faces. The triangle edges are constrained to follow the 

ridge and stream lines (break lines), while the 

FormLine vertices are utilised as unconstrained mass 

points. 

 

   

 TIN to Raster The TIN is converted to a DEM (Raster Dataset) for 

subsequent processing. Raster cells are interpolated 

using a 25-metre Ground Sample Distance (GSD) from 

the TIN faces upon which they fall. Elevation values 

are converted from feet to metres using a scalar of 

0.3048 – this is required for subsequent slope 

determination. 

 

   

 Filter A 3×3 Low Pass (averaging) filter is applied to the raw 

interpolated DEM produced from the TIN. This 

removes the ‘Edge Artefacts’ from the DEM, resulting 

in a more ‘natural’ representation of the terrain surface. 

 

   

 Slope Terrain Slope is determined for each cell based on the 

maximum change in elevation between neighbouring 

cells. The result in degrees is computed using the 

formula tan
-1

(max[H]/GSD) for each cell. Note that 

flat areas (blue) occur on hill tops as well as in valleys. 

 

 

   

 Split Line at 

Vertices 

The polyline features of the StreamLine feature class 

are represented by vertices of varying elevation, and 

each segment has a different slope. We need to split 

these features into individual two-point lines in order to 

discriminate flat streams from steep streams 
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 Adjust 3D Z 
 

The original StreamLine feature class has elevation 

values in feet. These need to be converted to metres for 

the purpose of subsequent slope calculation. A scale 

factor of 0.3038 is applied to the Z value of each vertex 

in the dataset. 

 

 
   

 Add Z 

Information 

Computes the Average Slope as the percentage slope for 

each line based on the following formula:   

100  (Z_Max – Z_Min) / Length_3D.  

The values for Z_Max, Z_Min, Length_3D and 

Avg_Slope are added to the Feature Attribute Table 

(illustrated here). 

 
 

   

 Select The flatland streams are selected as those lines with an 

Avg_Slope < 7%   (equivalent to 4°) and are here shown 

in red. The parameterised value of 7% was determined 

by analysis of long sections along streams known to host 

FWSF. 

 

   

 UnSplit Lines This process will dissolve the selected StreamLines that 

are made up of segments, back into contiguous features. 

These features will be subsequently used as seed 

locations for determining the extent of candidate FWSF 

areas. 

 

   

 Path Distance The Cost Distance is the critical process that determines 

candidate FWSF areas by traversing the slope raster 

outwards from the swampy stream features and 

accumulating cost of movement based on slope and 

elevation. The parameters used for this process are 

discussed in detail later. 

 

   

 Equal To The output of Path Distance is a raster of variable cell 

values, representing the increasing slope cost of moving 

away from the swampy streams. For convenience in 

polygonisation (next step), we want all of the candidate 

cells to be assigned a value of 1. 
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 Raster To 

Polygon 

The rasterised FWSF candidates are converted to a 

polygon feature class based on the cell value (which was 

set equal to 1 in the previous step). The resulting features 

are made up of raw polygon geometries with sharp edges 

as a result of the polygonisation process. 

 

   

 Smooth 

Polygon 

This process will smooth the polygonised dataset, 

producing a more ‘realistic’ representation of the natural 

swamp edge. 

 

   

 Calculate 

Areas 

Finally, candidate FWSF areas are computed in square 

metres and added to the Feature Attribute Table. Here, the 

areas are converted to hectares (divided by 10,000) and 

labelled. 

 

 

 

3. Calibrating the Geoprocessing Model 

This geoprocessing model is semi-empirical, in the sense that while the stream slopes are computed and analysed 

numerically, candidate FWSF polygons are determined empirically by ‘growing’ these areas away from the flat streams 

until a threshold of accumulated cost for the least cost path of each cell back to the closest stream feature is reached – 

and until that process results in an area consistent with the known extents of Nee Soon FWSF. In our case, a cost 

threshold in the range 70 < threshold < 90 gave the best (believable) results. 

 

We have arrived at this threshold value for the Sungei Seletar Catchment by repeating the model processing and 

manipulating the threshold until the candidate areas approximate the already known areas of FWSF. By extrapolation, 

this process can also reveal to us other FWSF areas not previously known to us.  This same threshold value will also be 

applied to processing in other areas where we have little or no prior knowledge of previous FWSF coverage. 

 

The reason for using a semi-empirical approach is the limitations imposed on us by the source data, specifically the 

archived topographic maps. The contours found on topographic maps are a cartographic representation suited to and 

specifically designed for human interpretation; they are otherwise a poor numeric representation of the terrain surface 

for the purpose of digital modeling. However, they are the only source available. 
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4. Results of Geoprocessing 
The resulting candidate FWSF polygons are shown here superimposed on a modern theme base map showing their 

relationship to current roads, reservoirs and built-up areas. 

 

 
 

 Figure 17. Candidate FWSF Areas superimposed on current land use and roads base map. 

The candidate FWSF Feature Attribute Table contains the areas of the candidate FWSF polygons. These may be 

summed using the statistics tool, to give a total candidate FWSF area of 595 hectares or approximately six square 

kilometres. 

 

 

 

 

 Figure 18. Candidate FWSF Area attributes and summary statistics. 
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5. Validating the Geoprocessing Model with Ground Truth Data 

We have observed a good correlation between the retrodicted FWSF areas resulting from our geoprocessing model with 

both historical and current records of FWSF species in the Sungei Seletar catchment. Our ground truth records include 

the following: 

 Herbarium records with good locations. 

 Scientific accounts of swamp forest with good location information. 

 Known extent of the Nee Soon Freshwater Swamp Forest depicted on maps. 

 Field observations by the authors. 

 

5a. Ground truth locations west of Upper Thomson Road 

The map below (Figure 19) illustrates the retrodicted FWSF west of Upper Thomson Road and the Nee Soon Village, 

overlaid with ground truth references and themes; the heritage of these references and themes ranges from 1936 through 

to the present day: 

 

 

 Figure 19. Ground Truth locations west of Upper Thomson Road. 

   

Map Ref. Details 

A James Sinclair collected from this location at 12¾ milestone (old) Mandai Road. 

B Mature Alstonia pneumatophora at (today’s) Mandai Road. 

C Corner’s Mandai Road Swamp Forest Plot. 

D FWSF adjacent to Upper Seletar Reservoir Park. 

E FWSF between the Nee Soon firing ranges. 

F Swampy stream adjacent to Nee Soon pipeline. 

G Swampy stream near Upper Peirce Reservoir Park access road. 

H Swampy stream crossings along Woodcutters Trail. 

I Swampy stream on western slopes of Bukit Seletar. 

J Swampy Chestnut Stream. 

 

 With the exception of locations (H) and (J), these localities are documented below: 
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James Sinclair collections - 12¾ Milestone Mandai Road (A): 

This location is today a small lay-by off Mandai Lake Road where the original Mandai Road can be seen disappearing 

into the Upper Seletar Reservoir. This original swamp forest 

site is now substantially altered since the time of James 

Sinclair’s multiple collections, due to construction of the 

Upper Seletar Reservoir as well as the Mandai Lake Road 

that provides access to the Singapore Zoo. From the 

Herbarium records, we see that Sinclair made several 

collections of a Nutmeg known to inhabit swampy areas 

(Gymnacranthera bancana) from this location. No doubt his 

interest in the G. bancana at this location was part of his 

field work for his monumental revision of the regional  

Myristicaceae, published posthumously in the Gardens 

Bulletin in 1968 (Sinclair, 1968).  

  

On 27 July 1953, Sinclair collected Blumeodendron tokbrai 

from this same location and while B. tokbrai is not 

exclusively a swamp forest species, the notation on the 

Herbarium sheet reads “Tree at roadside swamp forest…” as 

illustrated below. This is good validating evidence for this 

particular highly modified location at the north-western limit of the swamp forest as determined by our geoprocessing 

model. 

 

 

 

 

  
 Figure 21. Sinclair’s Herbarium Sheet for Blumeodendron tokbrai. 

 

 

 
 

 Figure 20. 12¾ Milestone, old Mandai Road, today. 
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Mature Alstonia pneumatophora at Mandai Road (B): 

This tree is located right on the edge of the Upper Seletar Reservoir 

and immediately next to Mandai Road, in the vicinity of Lorong Lada 

Hitam. It stands at the head of a swampy feeder stream that originally 

flowed into Sungei Seletar. The original stream has since been 

inundated by the Upper Seletar Reservoir. 

 

This mature Alstonia pneumatophora or ‘Pulai’ was revealed to us 

recently (11 February 2011) when a violent storm at Mandai Road 

damaged large tracts of secondary forest in the area. Trees 

surrounding this ‘Pulai’ were blown over, clearing our view of its 

crown from this well-travelled road. This very rare swamp forest 

species (fewer than 10 individual trees are known from the Central 

Catchment Nature Reserve) survived the storm despite the fact that 

most of the trees surrounding it were either snapped in two or 

completely blown over. 

 

This record validates the northern limit of FWSF as determined by 

our geoprocessing model. 

 

 

 

 

 

Corner’s Mandai Road Swamp Forest Plot (C): 

In April 1933, Corner set out three plots in a section of FWSF near Mandai Road and proceeded to enumerate the 

species found there just as he had done at Jurong the previous year. Corner’s study of this Mandai Road plot was 

undertaken at the same time the swamp forest was being cleared 

for the second expansion of the Seletar Reservoir. Upon 

retirement, Corner found time to document his investigations into 

the FWSF of Singapore and Johor and his account was published 

as a supplement to the Gardens Bulletin in 1978 (Corner, 1978).  

In this account, Corner described the location of the Mandai Road 

Plot as follows: "… three plots were marked out at a bend of the 

old Mandai road where it passed through the swamp-forest”.   

Corner also provided a diagram of his plots in relation to the road 

and a stream (see below). Both the diagram and the textual 

description match the location marked (C) on the map above. As 

such, the Corner plot validates the presence of FWSF at the 

northern side of our retrodicted swamp forest extent. 

 

 

 

 

 
 

 

Figure 24. Corner's Mandai Road Plot diagrams. 

 
 

Figure 22. Alstonia pneumatophora at Mandai 
Road. 

 
 

Figure 23. Corner's Mandai Road plot today. 
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An interesting feature of Corner’s species list for Plot A is his recording of two emergent Alstonia spatulata trees 

(shaded red in Figure 24) and his comment that these trees had pneumatophore roots. The presence of pneumatophores 

indicates that these trees were more likely to be A. pneumatophora, a species which today is in serious peril of 

extinction as are many other swamp forest species. 

Swamp Forest adjacent to Upper Seletar Reservoir Park (D): 

The swamp forest adjacent to the Upper Seletar Reservoir Park is one of three tributaries of streams that feed into 

Sungei Seletar. These streams are all considered part of the Nee Soon Freshwater Swamp Forest. 

 

  
  Eleiodoxa conferta (left), Pometia pinnata (right). 

 

  Syzygium papillosum: stilt roots. 

  
  Knema conferta: fruit. 

 

  Lophopetalum multinervium: pneumatophores. 

Figure 25. Selection of FWSF species adjacent to Upper Seletar Reservoir. 
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Swamp Forest between the Nee Soon Firing Ranges (E): 

The FWSF between the Nee Soon firing ranges is probably the most pristine example of this habitat, effectively 

protected by the restricted-access military facility surrounding it. Two new records of this species have recently been 

reported at this location. 

 

  
  Kopsia singaporensis: flower.   Unidentified stilt-rooted tree in swamp forest. 

 

  

  Pometia pinnata: large plank buttresses (swamp form). 
 

  Alstonia pneumatophora: emergent tree (centre). 

Figure 26. FWSF between the Nee Soon firing ranges. 
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Swampy stream adjacent to the Nee Soon pipeline (F): 

This swampy stream hosts a mature Alstonia pneumatophora, as well as other swamp forest species such as Pandanus 

atrocarpus and Lithocarpus bennettii. This record, as well as the following one, validates the allocation by our 

geoprocessing model of narrow strips of potential FWSF habitat along streams with low-flow gradients. We will count 

such swampy streams as FWSF because they host a significant amount of swamp forest flora. 

 

  
    A. pneumatophora (centre) next to stream: pneumatophore lower 

right. 
    Upstream view of swampy stream from the A. pneumatophora. 

 

 Figure 27. Alstonia pneumatophora adjacent to Nee Soon pipeline. 

 

 

Swampy stream adjacent to Upper Peirce Reservoir access road (G): 

This is the same stream that eventually parallels the Nee Soon pipeline and hosts the mature A. pneumatophora from 

location (F) described above. Our validation point is some 500m upstream from that location and immediately adjacent 

to the Upper Peirce Reservoir Park road. The stream at this point starts as a spring with a narrow stream issuing from 

the ground that very quickly widens to some 20 metres across, with no discernible flow. This swampy stream hosts 

swamp species, such as Horsfieldia crassifolia, Mussaendopsis beccariana, and Pandanus atrocarpus (all FWSF 

species) growing immediately within and adjacent to the inundated section. The predominant species is P. atrocarpus; 

many of its stems are estimated to be between 15 and20m high. On the banks adjacent to the swampy stream are found 

FWSF-associated species such as Pellacalyx axillaris, Syzygium borneense and Calophyllum ferrugineum. 

 

 

 

 

 

 

 

 

 

 



Proceedings of NSS Conference: Nature Conservation for a Sustainable Singapore 

 149 

  

  Mussaendopsis beccariana. 
 

  Syzygium borneense: here common in, but not exclusive to FWSF. 

  

  Pandanus atrocarpus (centre), Calophyllum ferrugineum (left). 

 
  Horsfieldia crassifolia: stilt roots. 

  

  Pandanus atrocarpus: wide ‘M’-shape leaf cross-section. 

 

  Horsfieldia crassifolia: underside of leaf. 

Figure 28. Swampy Stream adjacent to Upper Peirce access road. 
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Swampy stream on western slopes of Bukit Seletar (I): 
This swampy stream at the head of an inlet of the Upper Seletar Reservoir hosts Ploiarium alternifolium and 

Campnosperma squamatum.  Ploiarium alternifolium grows gregariously in the swampy stream. We suspect this area to 

be secondary swamp forest; it would have been substantially disturbed during construction of the Upper Seletar 

Reservoir. 

 

  

  Ploiarium alternifolium: stilt roots. 

 

  Ploiarium alternifolium: seedlings growing gregariously. 

  

  Campnosperma squamatum: leaf.   Absence of lobes distinguishes C. squamatum from C. auriculata. 

 

Figure 29. Swampy stream west of Bukit Seletar. 
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5b. Ground truth locations east of Upper Thomson Road 

We do not expect to find much, if any, remaining swamp forest to the east of Upper Thomson Road, as we know that 

this area was subjected to extensive agricultural activity and village settlements up to the mid-1900s, and following that, 

modern high-density urbanisation at Yio Chu Kang and Ang Mo Kio. The map below illustrates the Ground Truth 

locations selected for this area: 

 

 
 

Figure 30. Ground Truth locations east of Upper Thomson Road. 

 

Map Ref. Details 

K Swampy stream at intersection of Upper Thomson Road and Seletar Expressway (SLE) 

L Stream at Tagore Drive (lower) 

M Stream at Tagore Drive (upper) 

N Stream at Tagore Road and Munshi Abdullah Walk 

O Stream at Ang Mo Kio Ave 6. 

 

 

Herbarium Records 

Herbarium records corroborating the existence of FWSF in the Seletar Forest Reserve are listed in Table 6 below. 

Detailed location information is not available for these Ridley and Goodenough collections. 

 
   Table 6. Herbarium Records of FWSF species for Seletar Forest Reserve. 

Accession # Collector Collected Family Species 

5344 Ridley, H. N. April 1894 Annonaceae Goniothalamus malayanus 

5344 Ridley, H. N. April 1894 Annonaceae Goniothalamus malayanus 

027145 Ridley, H. N. 1890 Stemonuraceae Stemonurus scorpioides 

18280 Ridley, H. N. Mar 1889 Anacardiaceae Campnosperma squamatum 

76127 Ridley, H. N. April 1894 Burseraceae Santiria laevigata 

076650 Ridley, H. N. - Meliaceae Aphanamixis polystachya 

081530 Goodenough, J. S. April 1893 Myristicaceae Gymnacranthera bancana 

081531 Ridley, H. N.  Feb 1892 Myristicaceae Gymnacranthera bancana 
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Cadastral Map Comparison (L, M, N, O): 

For the swampy streams east of Upper Thomson Road, a 1935 cadastral map originally published by the Survey 

Department was available to us. This includes a delineation of swampy ground and streams. The map is based on 

cadastral plans which could have been surveyed many years before the map was compiled. The map therefore offers a 

good representation of the land cover in the early 1900s. For our purpose, the scanned cadastral map was colour-

enhanced to compensate for the poor quality of the original, geo-referenced to bring the data into alignment with the 

other data sources, and superimposed with the candidate FWSF output from our geoprocessing model.  

 

The resulting graphic (Figure 31) confirms that the streams in this area were indeed swampy prior to land conversions 

and canalisation. There is exceptionally good agreement between candidate FWSF areas arising from geoprocessing 

(‘Geoprocessing FWSF’ on the map) and the swampy areas derived from the cadastral map. It should be noted that this 

comparison simply confirms swampy ground. We rely on Ridley’s 1889 Annual Report indicating “swampy forest” in 

this general area to interpret this as FWSF. Some other interesting interpretations from the original map are: 

 

 The cadastral boundaries on the original map indicate an advanced state of land development in the area as some of 

the parcels are shown as “power lots” indicating re-subdivision of the original parcels.  

 

 The network of “Cart Tracks” indicates that the land was occupied and actively worked. 

 

This particular comparison indicates that our topographic model is giving very reasonable retrodiction of swampy 

ground, considering the generalised nature of the topographic map source. The differences are due to scale difference 

between the smaller-scale topographic map source, from which the geoprocessing candidate FWSF areas were produced 

and the much larger-scale cadastral map that used information based on theodolite surveys in the early 1900s. 

 

 

 
 

Figure 31. Comparison of geoprocessing results with large-scale cadastral map showing swampy areas surveyed in the 1900s. 
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Swampy stream at corner of Upper Thomson Road and SLE (K): 

This is the only location where we found remnant swamp forest. The streams in this locality have been re-routed and all 

that is left is a stagnant pond where a stream once flowed.  In the swampy stream bed, two trees of interest were found: 

Campnosperma squamatum (a swamp species) and Syzygium borneense (an associated species that also grows on dry 

ground). Both of these trees were growing in the inundated part of the swampy stream. Surrounding the swamp were 

secondary species, such as Ficus fistulosa, Ficus variegata and Hevea brasiliensis (many saplings), as well as several 

old Durian trees (Durio zibethenus) that would have been cultivated in this area. It is evident that this location would 

have been a healthy swamp forest stream prior to disturbance. 

 

  

  Swampy stream (looking north). 

 

      Swampy Stream (looking south). 

 

  

  Campnosperma squamatum (looking up into the crown). 

 

      C. squamatum: winged petiole without lobes. 

  

  Syzygium borneense (looking up into the crown). 

 

      S. borneense: bullate leaves are the identifying feature. 

 

Figure 32. Swampy stream at intersection of Upper Thomson Road and SLE. 
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Swampy streams at Tagore Industrial Estate (L, M, N):  

The Tagore Drive streams have been highly modified and it is evident that this area has been completely cleared in the 

past; we could not find any remnant FWSF species in these streams. The area is now covered in Albizia forest and its 

attendant undergrowth. All we can say about these streams is they were swampy and most probably hosted FWSF 

species prior to the 1900s. 

 

  

  Grassy stream and Albizia forest  at Tagore Drive. 

 

  Modified stream at the end of Tagore Drive. 

  

  Canalised stream adjacent to Tagore Road. 

 

  Disturbed stream adjacent to Tagore Road. 

 

                                                              Modified stream at Munshi Abdullah Walk. 

 

Figure 33. Swampy streams around Tagore Industrial Estate. 
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Swampy stream at Ang Mo Kio Avenue 6 (O): 

Originally, a substantial swampy stream drained the area now known as Ang Mo Kio town. Beginning where the library 

now stands, FWSF would have extended north to today’s Yio Chu Kang Road where it would have transitioned into the 

mangrove forest surrounding the Sungei Seletar. Today this stream has been replaced by underground pipes emptying 

out into an open drain just north of Yio Chu Kang Road. An open field just north of the Yio Chu Kang MRT station has 

been left undeveloped, possibly as a buffer for excess water in times of heavy rain. 

 

There is no hope of finding any FWSF species in this area today as market gardening in the early 1900s would have 

wiped out most of it, followed by the residential development of the later 1900s. In the map below (Figure 34), the 

FWSF candidate areas produced by our geoprocessing model along with the original streams are rendered against the 

backdrop of Ang Mo Kio town as we know it today. 

 

 

 
 

Figure 34. Original FWSF and stream along Ang Mo Kio Ave 6. 

 

 

SUMMARY OF RESULTS AND CONCLUSIONS 

 

1. Primeval Forest Coverage 

As a result of applying the Geoprocessing Model to the 38 square-kilometre Sungei Seletar Catchment, we are now able 

to report the following areas and proportions of aquatic habitat for the Catchment: 

 8 square kilometres of Mangrove (21%) estimated from Corlett’s map. 

 6 square kilometres of FWSF (16%) estimated by our geoprocessing model. 

 24 square kilometres of Dipterocarp Forest (63%) as residual. 

 

2. Discussion 

The area west of Upper Thomson Road has provided us with many opportunities for validation of the Geoprocessing 

Model. This is thanks to the fact that this area has been protected somewhat from the market gardening and aquaculture 

activities of the early to mid-1900s by the existence of the Chan Chu Kang Forest Reserve (and later, the Central 

Catchment Nature Reserve), as well as by the complete absence of residential development in this area. For these areas, 

we have obtained 100% agreement between the Ground Truth locations and the retrodicted extent of FWSF provided by 

our geoprocessing model. 
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In contrast to this, the retrodicted FWSF areas east of Upper Thomson Road were subjected to substantial disturbance 

by market gardening and aquaculture up to the mid-1900s. This disturbance was deepened by the subsequent residential 

development of the Tagore and Springleaf estates, as well as Ang Mo Kio town, which wiped out any evidence of the 

FWSF habitat, due to stream modification and canalisation. 

 

Other than the degraded FWSF and associated species found at the corner of Upper Thomson Road and the SLE, we 

can only rely on Ridley’s comments in the 1889 Annual Report on Forests to determine that there existed any swampy 

forest in the Seletar Forest Reserve. This reserve was managed differently from Chan Chu Kang, as its purpose was for 

‘Bakau’ (mangrove) timber resources. The remainder of the reserve was described as Lalang, Brushwood and Swampy 

Forest. These later habitat types were considered expendable and so the area was given over to market gardening by the 

early 1900s (Pitt, 1987). Thereafter, industrial and residential development, along with canalisation would have 

obliterated any remaining FWSF species. It is not surprising that we find virtually no evidence of FWSF in this area 

today. 

 

With respect to the Herbarium records, the Corner and Sinclair records were of the most use due to the fact that these 

gentlemen included good location information with their records. These records were used as part of the validation 

process for areas west of Upper Thomson Road. The remainder of the Herbarium records (see Table 6), for which 

location data was limited to government-gazetted localities only, were still of value in  corroborating the existence of 

FWSF in the lower half of the Catchment. The absence of location data is typical for the older Herbarium records and 

many FWSF species collected by Ridley fall into this category. It is hoped that the Ridley Diaries archived at the Kew 

Gardens Library will soon be available in Singapore, as we anticipate that analysis of these diaries would allow us to 

substantially enhance the location information for the historic records. It was unfortunately not practical to access this 

valuable resource for this research paper. We suggest that detailed location data be collected along with all new 

Herbarium specimens, as the information is likely to be highly valuable to future researchers. A WGS84 coordinate 

obtained from a GPS or scaled off Google Earth ® would be sufficient for this purpose. 

 

3. Comparison with Corlett’s 1991 Map 

The map produced by Corlett (1991) is the only source we can find that illustrates the extent of FWSF for the whole of 

the Sungei Seletar Catchment. In fact, Corlett’s map illustrates the extent of FWSF, Mangrove and Dipterocarp forest 

for the whole of Singapore. 

 

 
 

Figure 35. Comparison of Candidate FWSF areas (blue) with Corlett’s 1991 map (pink). 
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Comparing areas obtained from this map, our FWSF estimate of 595 ha (blue areas) for the Sungei Seletar Catchment is 

greater than Corlett’s area of 429 ha (pink areas) by an amount of 166 ha, or approximately 38% more. Besides the 

difference in area, inspection of the map above (Figure 35) shows that our larger-scale source data has afforded the 

opportunity to more accurately retrodict the locations likely to have hosted FWSF. Considering these differences, we 

are now motivated to repeat the Geoprocessing Model over all of the other significant catchments in Singapore, to 

produce an estimate for Singapore’s total primeval FWSF habitat. 

 

4. Comparison with Turner’s 1996 map for Nee Soon Freshwater Swamp Forest 

For the Nee Soon Swamp Forest alone, the estimated area from our model is 90 ha, and this compares very closely with 

Turner’s estimate of 87 ha  (Turner et al., 1996), although once again our geographical extent is different (see Figure 

36) due to different methodology. In our case, terrain data was extracted from large-scale topographic maps, whereas 

Turner’s map was based on Murphy’s (1996) rapid compass and distance survey technique. However, Murphy’s 

procedure is subject to the accumulation of measurement errors originating from the instruments used. 

 

Allowing for the lateral overestimation of the Turner delineation, that would cause it to stray into the higher and steeper 

ground unlikely to host FWSF, as well as allowing for the likely distortions due to Murphy’s rapid compass and 

distance surveying techniques, we consider that our model still offers a very good comparison with Turner’s map. 

 

 

 
 

Figure 36. Comparison of FWSF areas identified by geoprocessing with those on Turner’s 1996 map. 

 

 

THE CASE FOR INTENSIFIED CONSERVATION STRATEGIES FOR FWSF 

 

If you had to choose between the urgency of conservation strategies for Mangrove habitats and for FWSF habitats in 

Singapore, you would surely go swiftly into emergency mode on behalf of FWSF. Mangrove habitat estimates suggest a 

primeval area of 7,500 ha, of which 659 ha or 8.8% of the original cover still remains (Yee et al., 2010). Yet FWSF, 

which can claim a similar total primeval area of 6,030 ha (Corlett, 1991), has no more than 90 ha remaining today, or a 

mere 1.5 % of the original cover. 

 

Clearly, there is great cause for concern about the future of Singapore’s FWSF habitat. The table below summarises this 

comparison: 
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 FWSF Mangrove 

Primeval area: 6030 ha 7500 ha 

Remaining area: 90 ha 659 ha 

Plant species at risk: 200+        30+ 

 

While the primeval FWSF coverage was comparable to that of Mangrove, for the FWSF habitat, there are an estimated 

200 endangered species of vascular plant unique to that habitat, with only 90 ha of currently available living space in 

terms of extant FWSF. Contrast this with some 30 species of mangrove plant enjoying comparatively luxurious 650 ha 

of currently available living space. Mangrove conservation strategies currently provide for replanting (e.g., at Pasir Ris 

and Pulau Semakau) and for protection at multiple sites, whereas in the case of FWSF, just one contiguous area is 

protected, within the Central Catchment Nature Reserve. 

 

We note that there is a small amount of FWSF in the Western Catchment live-firing area and around the streams 

feeding the various reservoirs that is not included in our figures above. The true extent of this habitat has not yet been 

determined. Clearly, there is a need to update estimates for both the primeval and current areas of FWSF habitat so that 

the figures and proportions indicated above can be provided with greater confidence than we can offer at this time. 

 

1. Enhanced Conservation Strategies for FWSF 

Besides the continued management of the Nee Soon Freshwater Swamp Forest and other swampy streams as core 

nature areas within the Central Catchment Nature Reserve, there are a number of other strategies that we could consider 

to increase the conservation intensity for FWSF habitat: 

 

 Raise public awareness of this ‘forgotten’ habitat.  

 Undertake reforestation programmes in degraded swampy areas of the Nature Reserves. 

 Undertake FWSF planting programmes in suitable areas within Nature Parks. 

 Promote the planting of aquatic species in flood mitigation projects. 

 Identify FWSF areas in Ministry of Defence (MINDEF) controlled lands and establish a joint conservation 

programme. 

 

Reforestation programmes cannot be expected to restore every targeted area into a perfect FWSF. Rather, our objective 

should be the conservation of endangered species wherever we can cultivate them. With this in mind, we could identify 

many suitable areas in Singapore for such cultivation. In the case of flood mitigation projects, we may be able to 

capitalise on, and benefit from the inundation-tolerant features of FWSF species. 

 

2. Raising Public Awareness 

Freshwater Swamp Forest truly is the forgotten habitat. Members of the public can visit Nature Reserves and Nature 

Parks and see every kind of habitat there, except FWSF. This habitat and its resident species group are out of sight and 

out of mind. In order that there be public support for the funding of conservation programmes, it will be necessary to 

raise public awareness of this critically endangered habitat. There are several things that can be done: 

 

 Take every opportunity in public forums to promote the conservation of FWSF. 

 Publish articles in nature magazines and other media. 

 Install FWSF species as a feature at the Singapore Botanic Gardens. 

 Install a small viewing platform at Upper Seletar Reservoir Park allowing viewing of FWSF habitat. 

 

3. Reforesting Degraded Swampy Areas of Nature Reserves 

The Sime Road Swamp is located next to the Sime Golf course and is fed by the Rifle Range stream, ultimately 

emptying directly into the MacRitchie Reservoir. This is a degraded swamp forest with mainly secondary regrowth and 

parts of it are subject to rapid stream flow during times of heavy rainfall. The swampy area extends back towards the 

tributary of a number of streams. Species of interest in this area include Alstonia spatulata and the palm Pholidocarpus 

kingianus. The Pholidocarpus is a recent rediscovery by NParks staff, formerly considered Nationally Extinct. This is 

the only location in the Nature Reserves where these two species are known to exist. 
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  Alstonia spatulata: buttress roots. 

 

  Pholidocarpus kingianus. (Photo: Sunia Teo)   A. spatulata: growing in grassy marsh. 

Figure 37. FWSF species at the Sime Road Swamp. 

 

 

 
 

Figure 38. Sime Marshes, a candidate site for enrichment and reforestation. 

 

 

4. Reforesting Suitable Areas within Nature Parks  

Several Nature Parks have within their boundaries, areas that are suited to reforestation with FWSF species; indeed it is 

likely that these locations hosted FWSF in the past. Areas that have been identified so far include: 

 Freshwater stream with FWSF species at Admiralty Park 

 Potentially swampy streams at Bukit Batok Nature Park. 
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4a. Admiralty Park 

Admiralty Park is situated a short distance east of the Woodlands township and occupies a part of the Sungei China 

catchment. The freshwater stream system is thought to have been converted for market gardening sometime in the early 

1900s. By the 1960s, ‘padi’ and other vegetables were well established around the freshwater stream systems (personal 

communication: childhood memories of a senior citizen). Subsequently, the character of the catchment was completely 

changed when residential and industrial development occurred in the late 1900s. By the time Admiralty Park was 

developed, virtually all of the FWSF was gone, with the exception of a few FWSF species that remain within the park to 

this day. Our interpretation of FWSF in the higher stream system is based on the evidence of the FWSF species that 

may be found within the park. The map below (Figure 39) illustrates our interpretation of aquatic habitat at the turn of 

the 19
th

 century, with modern themes faintly overlaid. 

 

 

 
 

Figure 39. Aquatic Habitat at Sungei China at the turn of the 19th century. 

 

Almost miraculously, Admiralty Park hosts a number of remnant FWSF species, including Neesia malayana, Vatica 

pauciflora, Macaranga recurvata, Pandanus atrocarpus and Barringtonia racemosa. These species are illustrated in 

Figure 40 below. Most of these FWSF species occur along a soak that issues from the hillside to the east of the park. 

They serve as very strong evidence that the swampy streams in the vicinity hosted FWSF species in the past. The 

locations within the park that are thought to be suited to FWSF restoration are illustrated in Figure 41 below. 
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  Pandanus atrocarpus. 
 

   Vatica pauciflora.   Macaranga recurvata. 

   
  Neesia malayana. 

 

   Neesia malayana.   Barringtonia racemosa. 

Figure 40. FWSF species at Admiralty Park. 

  

 
 

Figure 41. Potential FWSF reforestation areas at Admiralty Park. 
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4b. Swampy streams at Bukit Batok Nature Park 

Bukit Batok Nature Park, west of Bukit Timah Nature Reserve, is a former rubber plantation that has reverted to mature 

secondary forest. Geographic analysis indicates that two streams within the park have a longitudinal slope of less than 

3°, with a reasonably flat though narrow floodplain.  If these streams ever supported FWSF habitat, there is certainly no 

trace of it today. Nevertheless, the terrain characteristics, permanent stream and wet, almost swampy conditions all 

render this area well suited to enrichment planting with FWSF species. Here, there is an ideal opportunity to conserve 

endangered species within a well-established nature park. 

 

While inspecting the southernmost stream, we have noted two fairly open areas with evidence of flooding during recent 

rainstorms. These areas currently host grass and shrubs as illustrated below. These locations would benefit from 

plantings of FWSF-associated species that are tolerant of occasional flooding. 

 

 

 

The remainder of the stream and its surroundings host mature secondary forest, consisting of species such as Artocarpus 

elasticus, Ficus variegata, Syzygium grande and Hevea brasiliensis. Seedlings of H. brasiliensis are a dominant feature 

of the understory. These forested areas provide an excellent environment for enrichment planting of FWSF-associated 

Nutmegs and similar understory species that generally do not tolerate direct sunlight. 

 

 

  
 Mature secondary canopy provides shade for seedlings.     Looking downstream into mature secondary forest. 
 

Figure 43. Forested areas of the Bukit Batok Nature Park floodplain suited to enrichment planting. 

 

The following maps (Figures 44 & 45) illustrate the potential enrichment areas, shaded in green. 

 

  
 This grassy floodplain occasionally floods.   This swampy stream/drain has good potential. 
 

Figure 42. Grassy streams at Bukit Batok Nature Park. 
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Figure 44. Areas with potential for FWSF enrichment planting at Bukit Batok Nature Park. 

 

 

 
 

Figure 45. A 3D perspective of potential FWSF enrichment areas at Bukit Batok Nature Park. 
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USE OF FWSF SPECIES IN FLOOD MITIGATION 

 

Recent flash flooding at the top end of Orchard Road during heavy downpours has become an important public issue in 

Singapore. The affected area is immediately downstream from parts of the Singapore Botanic Gardens and Dempsey 

Hill. It is likely that retention ponds upstream from the flood areas will be required, whereas it is unlikely that the space 

consumed by these facilities will be put to any other use. 

 

Here, there is an opportunity to plant these retention ponds with flood-tolerant species. At least the space can be 

converted to interesting park land. Such treatment would have resonance with the ‘City in a Garden’ concept being 

promoted by the Ministry of National Development (MND) through NParks.  

 

The map below illustrates the natural catchment for the Orchard Road flood area. The locations marked A to E are 

possibly suited to flood retention ponds. These ponds, as well as the streams that connect them, could be planted with 

FWSF species. The tolerance of these species for inundated conditions will allow them to thrive in this situation and in 

return, their presence in the drainage system will cause turbulence in the water flow and reduce the water velocity. 

 

 
 

Figure 46. Orchard Road Water Catchment. 

 

 

CONCLUDING REMARKS 

 

In this paper, we have investigated in detail the status of FWSF within the Sungei Seletar Catchment. We have 

discovered that we currently have less than 16% of the original FWSF habitat remaining in this catchment. If we 

consider the current situation for the whole island, where most catchments are now completely devoid of FWSF habitat, 

we fear that island-wide, only a low 1.5% of this unique habitat will survive, expressed as a proportion of the original, 

primeval FSWF coverage. Most of the FWSF that has been retained so far sits in a single location, i.e., the Nee Soon 

Freshwater Swamp Forest. 

 

In our opinion, there needs to be a national rethink of conservation strategies for FWSF habitat and species. The current 

situation where a single contiguous FWSF habitat of less than one square kilometre extent is protected within the 

Nature Reserves is a classic case of having all of one’s most precious eggs in just one basket. 

 

In the final chapters of this paper, we have identified a few opportunities for conservation that entail utilising suitable 

land to generate what could be described as artificial swamp forests. Perhaps they would be better described as 

Freshwater Aquatic Forests, for many of these locations are not substantially swampy. The most important requirement 

is to ensure the survival of the 200 or so plant species that reside exclusively within the swamp forest. The balance of 

another 300 non-exclusive species may be otherwise conserved without special habitat needs. 
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There is clearly much more work to do: 

 

 The Geoprocessing Model developed for this study needs to be applied to the whole island, so that the best 

possible estimate of primeval FWSF coverage can be determined. 

 Search for remnant pockets of FWSF using the results of the Geoprocessing Model applied to the whole island. 

A few fragments have been found at Admiralty Park, and there is a small, but unquantified amount of the 

habitat remaining in the Western Catchment. 

 Promote conservation strategies for the remaining FWSF pockets that we can find. 

 Using the output of the Geoprocessing Model applied to the whole island, we can also identify areas suited for 

enrichment, such as the two streams identified at Bukit Batok Nature Park. 

 Look for opportunities to develop artificial aquatic forest. The recent flash flooding at Orchard Road and the 

anticipated retention-pond mitigation scheme to deal with it could well offer opportunities to develop artificial 

FWSF habitat within the mitigation schemes. 

 If funds are to be expended on these types of reforestation projects, there needs to be public support. We need 

to take every opportunity to promote the conservation of FWSF species to the public, including articles in 

nature magazines, websites and public events. 

 

The final words for this paper are not our own. Rather, they belong to James Sinclair, Curator of the Singapore 

Herbarium (1948–1967). He was the author of the first comprehensive monographs on the Annonaceae (Custard Apple) 

and Myristicaceae (Nutmeg) families in this region, the latter of which was sadly published after his death in 1968. 

 

“It would be wonderful if only artificial swamp forests could be created to save and care for species which will one day 

vanish from this earth.” ~ (Sinclair, 1968) 
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