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Abstract 

Bukit Brown, an unprotected but relatively remote secondary forest, and Bukit Batok, a 

designated public park composed of secondary forest protected by the National Parks 

Board but readily accessible to the public, are, for the first time in the case of the former, 

surveyed for freshwater fishes. In addition, abiotic factors such as water depth, 

temperature, canopy cover, water flow and pH are measured. The species composition 

and size variation of selected species are compared against observed differences in 

abiotic parameters, accessibility and level of human activity to provide data on the 

ecological state of secondary forest freshwater streams, and in the process assess the 

impact of human activity on such habitats and help generate recommendations on how 

to preserve freshwater fish diversity in Singapore outside of its nature reserves.  

 

Introduction 

Singapore’s freshwater stream habitats have been severely degraded during the past few 

decades, as observed by Ng et al. (1993), which attributes the mass extinction (more 

than 50%) of freshwater species to loss of forest stream habitat and warns of the impact 

that introduced species might have on the surviving fauna. While our reservoirs and 

canals are now dominated by alien species such as cichlids and guppies as reported by 

Ng and Tan (2010), Singapore’s freshwater forest streams, especially in Nee Soon 

Swamp Forest and Bukit Timah Nature Reserve, remain relatively pristine.  

Some secondary forest streams have not been previously surveyed due to the general 

impression they are of little value to Singapore’s fish biodiversity. However, the recent 

threat to Bukit Brown Cemetery posed by a proposed eight lane highway drew attention 

to not just the existing rich avian fauna, but also the presence of a secondary freshwater 

forest stream system, one that had not been previously studied. This study aims to 

provide some basic knowledge of the ecology of the system, with a particular focus on 

fish. During the course of our study, it was discovered that there are in fact two separate 

drainage systems in the cemetery. One is located in the northern half of the cemetery, 

next to Lornie Road, and the other is in the south side of the cemetery, next to 

Gymkhana Avenue. For the purposes of this study, they are called ‘Bukit Brown’ and 

‘Kopi Sua’ respectively.  

The streams in Bukit Brown were concretised into drains to better control flooding in 

the area, but subsequently became naturalised with a stream bed of sediment and dead 

leaves. The riparian zone remains healthy, allowing a variety of fish both native and 

introduced to flourish. As a comparison for what is assumed to be a habitat degraded by 

human use (i.e. as a cemetery), the forest stream system in Bukit Batok Nature Park, 

free from pollution, littering and fishing, was also surveyed as part of the study.  

The study involved taking abiotic parameters, i.e. water depth, pH, canopy cover, 

temperature, dissolved oxygen content and flow rate at a total of six sites, two at each 

stream system. Fish were captured using both nets and baited traps, photographed, 

measured, identified, and then released. 

The aims of this study are three-fold. Firstly, to survey Bukit Brown and Bukit Batok 

for fishes in their secondary forest streams. Secondly, assess if human activity there has 

adversely affected abiotic conditions and species richness. Finally, study the 
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relationship between abiotic factors and the composition of the fish community. Data 

collated from this study allows us to observe and theorise how differences in the 

conservation and protection of the three stream systems affect the health of fish 

communities. We will proceed to propose mitigating solutions to better protect our 

secondary forest stream ecosystems from human degradation. It is hypothesised that 

Bukit Batok, due to its status as a nature park, will have a healthier fish community than 

Bukit Brown and Kopi Sua, which are cemeteries and whose land have been subject to 

human exploitation.   

Method 

List of Materials Used in Field Research 

Garmin eTrex 30 GPS unit 

Forestry Suppliers concave spherical crown densiometer 

Portable Dissolved Oxygen Meter 

pH meter 

Digital Thermometer 

Data Logger  

Vernier Flow Rate Sensor 

Frabill Vinyl-Coated Round Minnow Trap 

Nikon Coolpix AW100 Digital Camera (waterproof) 

Self Made 1.5l Plastic Bottle Traps 

Self Made Push nets 

Hand Nets 

Clipboard with measuring scale 

Small Plastic Ziploc Bags 

Hikari Sinking Carnivore Pellets  

Flexible Plastic Tape Measure 

 

Study Sites 

In June 2012, reconnaissance was conducted within the Bukit Brown and Kopi Sua area 

and four sites were identified for our field survey and their locations marked on the 

GPS unit. Two were identified within the Bukit Batok area following a reconnaissance 

in July 2012. These sites were selected based on on-site visual observation of fish 

species within the forest streams as well as the presence of suitable abiotic factors such 

as dense canopy cover and water depth (above ankle height). Accessibility to the stream 

was also taken into consideration.  
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The field surveys were set to be spread out over a four month experiment period and 

each survey lasted from three to five days with two to three trips to the site at intervals 

of a day within the survey period. Three surveys were carried out for locations within 

the Bukit Brown and Bukit Batok areas and four surveys were conducted in the Kopi 

Sua area.  

Abiotic Data Collection 

During each trip in a field survey, abiotic data including temperature, canopy cover, 

water depth, water flow, dissolved oxygen content and pH were measured and recorded. 

A digital thermometer was used to measure temperature, and an estimate of the 

overhead canopy cover was measured using a concave spherical crown densiometer. A 

dissolved oxygen meter and pH meter were used to probe different sections in the forest 

stream and the data for dissolved oxygen content and pH level respectively was 

recorded using a data logger. Water depth was logged using a measuring tape weighted 

on one end and the distance between the streambed and water surface was recorded. 

Water flow was measured, using a rotor flow meter, only in stretches of stream with a 

minimum rate of flow of 0.1 ms
-1

 and a minimum water depth of 10 cm. Each type of 

data was recorded three times on each trip at each site and collated for the site over the 

course of the study before being averaged to give a mean. 

Trap Preparation 

 

In addition to the purchased steel minnow traps, self-

made 1.5l bottle traps were also used. This was done by 

slicing off the top third including the bottleneck, 

inverting it into the bottom portion, tying them together, 

and poking holes in the bottle to allow the scent of bait 

to diffuse out. The bait used in both types of traps was 

shrimp-based sinking carnivore pellets that were put in 

a small perforated Ziploc bag.  

 

 

Figure 1: Demonstrating how self-made traps were prepared 

Biotic Data Collection 

During each field trip, a session of capture and release occurred. Species of fish were 

captured at each site by scraping a push net against the stream bed and banks. The 

captured fish was then documented by photography and measured longitudinally with a 

white clipboard that had a measuring scale, then released back into the stream. The 

duration of documentation was kept brief to minimize stress inflicted on the fish. On the 

first trip of a survey, baited minnow traps were placed along the section of stream 

flagged for survey to trap any fish that were missed in the initial round of capture and 

release. The traps were tied to plants growing along the stream bank with twine to 

prevent them from being washed away as well as to mark their location. Tags with 

details of research and contact number were also attached for clarification by members 



4 
 

of the public who might stumble across them. A second trip was then scheduled to 

remove the traps and document the caught fish specimens. In the event of a third trip, 

the traps were not removed but refilled with bait and placed back into the stream; the 

traps were removed only at the end of the third trip. Each trip was separated by an 

interval of two days to allow sufficient time for fish to be ensnared.  

 

Precautions 

During each field survey, only two of the three team members enter the stream for data 

sampling while the remaining member assisted from the bank. Long sleeve T-shirts, 

pants and booties were worn for all field survey for protection when entering water 

bodies. In the event of inclement weather before or during a trip, the scheduled survey 

trip would be cut short and continued the very next day. The duration between trips was 

kept at every two days as a precaution against fish dying from starvation. 

Observations and Results 

Data 

Figure 2: Table showing the various fish species found in each site 

Legend: BR: Bukit Brown  K: Kopi Sua  BT: Bukit Batok 

Species BR1 BR2 K1 K2 BT1 BT2 

 Aplocheilus lineatus     X   X 

Betta pugnax X X X X   

Clarias batrachus X X X  X X 

Danio albolineatus X X X X   

Danio rerio   X X   

Macropodus opercularis   X X   

Monopterus albus X X   X  

Oxyeleotris marmorata   X    

Poecilia reticulate X X X X X X 

Puntius banksi X X X X   

Trichopsis vittata      X 

Xiphophorus maculatus X X X X X X 

 

Note: Yellow indicates introduced species. Blue indicates species exclusive to a stream 

Red indicates absence of species that is found in the other two streams. 
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Figure 3: Table depicting data collected at all three sites 

BR: Bukit Brown K: Kopi Sua BT: Bukit Batok 

Site Code: BR1 BR2 K1 K2 BT1 BT2 

GPS 

coordinates of 

site 

01°20.34

6' N, 

103°49.5

37' E 

01°20.39

7' N, 

103°49.6

08' E 

01°19.98

4' N, 

103°49.6

98' E 

01°20.00

1' N, 

103°49.6

67' E 

01°20.83

2' N, 

103°45.7

79' E  

01°20.88

0 N, 

103°45.9

26' E 

Mean Water 

Depth (cm) 

43.7 27.4 34.4 23.4 14.5 21.2 

Mean pH 6.53 5.95 6.48 6.47 6.56 7.05 

Mean Canopy 

Cover (%) 

87.2 82.2 77.5 81.5 89.8 91.8 

Mean Water 

Temperature 

(°C) 

27.59 27.87 27.58 27.69 28.07 28.56 

Mean 

Dissolved 

Oxygen (mg/l) 

7.43 7.60 8.40 8.57 7.00 7.43 

Mean Water 

Flow Rate 

(m/s) 

- - - 0.186 0.159 - 

Number of 

Fish Species 

7 7 9 7 5 5 

Number of 

Native Fish 

Species 

4 4 5 3 3 3 

Mean Length 

of dominant 

species (cm) 

5.3 5.8 8.0 7.8 4.4 5.6 

Variance of 

Length of 

dominant 

species 

3.076 1.705 2.063 5.042 2.527 0.568 

 

Note: A ‘-‘indicates that the water flow was too slow to be accurately measured except 

in the aftermath of rain, or the stretch of stream with flowing water was too shallow for 

the instrument to be employed. Dominant species for BR and K is Puntius banksi, and 

for BT it is Aplocheilus lineatus. 

Figure 3 gives a summary of the differences in several key abiotic parameters in the six 

sites across three different streams. It is evident that the streams in Bukit Brown (BR) 

and Kopi Sua (K) are deeper than those in Bukit Batok (BT).This indicates that there is 

a larger catchment area for rainwater in BR and K, and it was observed that the water 

depth in BT fluctuated more drastically with rainfall during the course of our study. The 

streams in BR and K may therefore be less vulnerable to extreme weather than BT.  
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Canopy cover was slightly higher at 89.8% and 91.8% in BT and lowest in K at 77.5% 

and 81.5%. This may show that the forest in BT is in a later state of succession than that 

in BR and K, due to its designation as a park and the fact that BR and K contain graves 

that continue to be tended after the initial stage of clearing land. However, the BT 

stream was slightly warmer than that of BR and K, possibly due to its smaller volume 

(based on water depth) making it more susceptible to warming from sunlight.  

Dissolved oxygen content was notably higher in K, which had a fast flowing headwater 

(K2), while the generally slow-moving (almost stagnant during prolonged periods 

without rain) stream in BR had a lower oxygen content. The water flow in BT also 

tended to fluctuate between stagnation and flowing, depending on the stretch of stream 

being measured and time since last rainfall, possibly accounting for its lower dissolved 

oxygen content.  

The Puntius banksi population in K was significantly larger on average than that in BR; 

the largest K specimen was 11.5 cm long, while the largest from BR was a mere 8.8 cm. 

No pattern was observed in the variance of the fish sizes, but it can be said that there 

exists a healthy distribution in size of the Puntius banksi and Apocheilus lineatus 

populations, indicating that they are healthy and self-sustaining.  

Figure 4: Graph showing the relationship between the dissolved oxygen level and the 

mean length of Puntius banksi in BR and K 

 

The graph shows a positive correlation between dissolved oxygen in the water and the 

mean fish (Puntius banksi) length from BR and K. In other words, as dissolved oxygen 

increases, mean fish length also increases. This was not part of any initial hypothesis, 

but was the result of observation of the obtained data. Moreover, the sample size may 

be too small to make any conclusive statement about the two variables. 

Observations 

Asides from data, general observations made include the fact that BR and K streams 

were concretised with a muddy substrate while the BT stream was natural despite 

flowing into a concretised drain. Yet more species of fish, and in greater numbers, were 

found in the former streams. It is also worth noting that the BT stream was the only one 
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capable of supporting a population of Parathelphusa maculata, a native species of 

freshwater crab. This may be due to the fact that only BT had a rocky stream bed in the 

stretch located at BT2, providing it with a suitable habitat, while the crabs would likely 

not have survived the concretisation of the streams in BR and K. Macrobrachium 

nipponense, an introduced species of shrimp arriving in Singapore with the ornamental 

fish trade (Chong et. al, 1987), was found in K, as well as a large introduced Trachemys 

scripta elegans (Red-eared terrapin). Worryingly, three juvenile American Bullfrogs, 

Rana catesbeiana, were also spotted in BT. This is a destructive invasive species and it 

is uncertain if they are breeding there.  

More litter, especially plastic food wrappers, was observed in BT despite its 

designations as a park, while the lack of accessibility of K made it almost litter free. 

BR1 was clean, but BR2, which was located next to a preliminary construction site run 

by the Land Transport Authority (LTA) for the upcoming bridge project, was quite 

heavily littered.  

Discussion of data and observations 

Limitations in the research design 

The abiotic parameters of freshwater streams are highly subject to weather conditions, 

especially rain or prolonged absence of rain. Efforts to standardise the time of day in 

which the trips were conducted as well as the season (i.e. before the rainier season from 

November to January) were probably insufficient to rule out all error. Carrying out 

multiple trips in different months (when weather conditions are different) may have 

helped obtain a more accurate mean.  

Due to the difficulty of conducting mark and recapture on small fishes, numerical data 

that was gathered was unsuitable to make conclusions on population size at each site 

and was not included.  

This study also focused primarily on qualitative analysis, such as identifying the species 

composition of the different sites and trying to relate them to the abiotic differences 

observed, but this also meant that no hypothesis relating measurable factors was chosen 

to be tested. This was due to the limited number of sites that were tested (six, in three 

locations), so any attempt to hypothesise relationships between the different parameters 

would have been limited by the small sample size.  

The fish species found in each site 

Figure 2 gives a summary of the fish species caught and identified at the sites during the 

course of the survey. Both BR and K were host to healthy populations of native Betta 

pugnax, the Forest Betta, and Puntius (or Systomus) banksi, the Saddle Barb. The 

former is considered uncommon in Singapore and restricted to forest streams (Lim and 

Ng, 1990), while the latter now has a severely reduced distribution in Singapore 

(Seriously Fish, 2012). The fact that healthy, large populations can be found in a 

degraded habitat such as Bukit Brown Cemetery indicates that Singapore’s remaining 

secondary forest streams may continue to be refuges for once common native species.  

Clarias batrachus, the Common Walking Catfish, including newborns, was observed in 

all three sites; little surprise considering its wide distribution including canals and storm 

drains. 11 adult Monopterus albus, Swamp Eels, were caught in BR, all of which 
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unfortunately died in the traps that were set due to their need to breathe atmospheric air. 

This was despite efforts to leave corners of the traps exposed to air. Almost all the 

specimens were well over 40cm in length, with the largest at 60cm, larger than the 

estimated 40cm provided by Lim and Ng (1990) as an average for individuals in 

Singapore. Two juveniles were caught with hand nets in BT, indicating a viable 

population there as well.   

The fact that BR and K share three native species not found in BT may indicate that 

prior to development of the surrounding area, they may have been part of the same 

water catchment, although the small number of species present at each site makes this 

inconclusive.  

Five species of introduced fish were caught across all sites, of which two, the guppy 

and the platy, were found in all three. This is unsurprising given that they are 

commonly found in Singapore’s waterways (Lim and Ng, 1990), brought here by the 

ornamental fish trade and guppies have been introduced since 1937 (Herre, 1940), 

possibly for mosquito control. The introduction of Aplocheilus lineatus was likely done 

by members of the public for religious reasons (Yeo and Lim, 2010). 

Relating fish species composition, abiotic data and general observations 

Despite Bukit Batok ostensibly being more ‘protected’ as a designated park, it has a 

poorer fish species count than the supposedly degraded cemetery of Bukit Brown. This 

is despite its denser canopy cover, which is indicative of a healthier forest. Its warmer 

temperature, shallower water and more basic pH (refer to Figure 3) make it a less 

suitable habitat for fish than the streams in Bukit Brown.  

Fish diversity in Bukit Brown is not particularly high either, likely because its pH 

(about 6.5; refer to Figure 3) is above the usual pH range of forest streams (5.5-6.0) in 

Singapore (RMBR, 2012) and the process of concretisation in the past would have 

severely disrupted the ecosystem there. Yet it is able to hold a more diverse fish 

community with much larger tertiary consumers (adult Monopterus albus) and rarer fish 

(such as Betta pugnax) than a protected park such as Bukit Batok.  Kopi Sua, which is 

also within the cemetery but more secluded and with a denser forest (though not thicker 

canopy cover), has even more species, including the commercially valuable Oxyeleotris 

marmorata.  

Firstly, it can be seen that as long as a stream is adequately shaded, any further increase 

in the density of canopy cover does not increase the health of the fish community. BT 

has the least number of species, both native and total, despite having the highest canopy 

cover, while K has the most species with the lowest canopy cover. An inverse 

relationship between the two is unlikely however, as other factors are more likely to be 

responsible for this. As long as adequate shade from the riparian zone is present, it 

seems that the density of the canopy cover cease to be a factor.  

Maintaining an acidic pH is also important as most native species are adapted to living 

in acidic forest streams (RMBR, 2012), as the dearth of native acidic stream fish in BT 

demonstrates. Too shallow a streambed may also lead to reduced diversity, as BT also 

has the shallowest water depth. Shallower water leaves fish more vulnerable to 

predation due to their being more exposed, and also leads to faster water flow that 

forces fish to expend more energy. This may also cause the stream to heat up more 

quickly when exposed to sunlight, accounting for the higher temperature in BT (almost 
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one degree higher between BR1 and BT2) despite its denser canopy cover. Too high a 

temperature may be detrimental to some fish species, as it lowers the dissolved oxygen 

saturation point and possibly affect the fish’s metabolism. However, this is inconclusive 

based on our data. 

Finally, the most obvious difference between BT and the sites in BR and K would be its 

accessibility. Being a public park surrounded by high-rise housing estates, BT is oft 

visited by members of the public, who can easily disrupt the stream ecosystem. This can 

take place in the form of releasing introduced species such as Aplocheilus lineatus, 

which has become the dominant species there, or catching fish for recreation. The 

presence of Rana catesbeiana, as noted earlier, is further evidence that alien species are 

being consistently introduced into BT, and there is a danger that they will severely 

impact the population of native species there. BR and K on the other hand, are located 

within a cemetery and have lower human activity. It is not located near any major 

housing estates, reducing the possibility of the public releasing/catching fish in those 

streams. As such, there was a conspicuous lack of introduced fish species over the 

length of 50mm, with the dominant species being Puntius banksi, a native barb. Small 

alien species such as Danio albolineatus, Danio renio, Poecilia reticulate and 

Xiphophorus maculates are present however, indicating that they are not entirely 

untouched by invasive species. These alien species are likely the result of the 

ornamental fish trade in Singapore and not the result of direct introduction, as they can 

be found all over Singapore.   

As mentioned earlier, the sites in BT were moderately littered with rubbish, such as 

plastic food wrappers and even an old bicycle tyre, despite being a public park. BK and 

K, although not patrolled by cleaners or officers, has remained relatively litter free, 

except for BR2, which was located close to a construction site. In BT, proximity to 

housing estates means higher human traffic, and the stream is easily accessible. In BR 

and K, the visitors tend to be birdwatchers, heritage buffs and nature lovers, and this 

group of people are less likely to litter the place.  

Dissolved oxygen and mean fish length 

There is no trend correlating abiotic factors other than dissolved oxygen and fish length, 

so it is assumed that there is no lurking factor.  

Oxygen is essential for every living organism to carry out respiration and metabolic 

processes. In fishes, the metabolic rate is highly affected by the dissolved oxygen 

concentration of the water it inhabits. As the dissolved oxygen concentration decreases, 

feeding activity also decreases and there is declined assimilation rate of food consumed 

(Tsadik and Kutty, 1987). As a result, the growth rates of fishes are highly reduced 

under lower dissolved oxygen concentration and they will be of shorter lengths. 

Maintaining high levels of dissolved oxygen may therefore help in conserving healthy 

fish communities. Dissolved oxygen levels are dependent on the water flow and 

temperature of the stream, so it is deduced that lower temperatures and faster flowing 

(i.e. slow moving as opposed to stagnant) water may lead to larger fish in streams 

located in Bukit Brown (which includes both BR and K streams).  This is of limited 

application to conserving the streams however, as it is not something that can be easily 

modified, and the hypothesis may not apply to all streams. 

Conservation 
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Based on our observations, there are several ways that secondary freshwater streams in 

Singapore can be protected from human impact. Firstly, education of the general public 

on the ecological and inherent value of the streams plays an important role. More can be 

done to prevent littering and introduction of alien species into our waterways. Sign 

boards reminding people not to litter into the stream or release animals could be placed 

at the bridges that span the stream in Bukit Batok and in other forest streams accessible 

to the public, including Bukit Brown and around MacRitchie reservoir. Stronger 

enforcement of anti-littering laws in parks and nature areas is also needed. Reducing 

accessibility to the streams is an option, as this will lower the chances that indifferent 

passersby will litter or release alien species to the streams.    

Concretising streams will also have obvious impacts on their diversity, but the streams 

surveyed here show that forest streams, if given time, may be able to recover and 

resemble partly their original state. It is important that concretised streams are linked 

back to more pristine streams, so that species that were extirpated during the process 

might return and flourish. Concretisation is carried out to ensure faster drainage of 

water, resulting in shallower, swifter streams that are poorer habitats for fish. The loss 

of a natural streambed that is caused by concretisation also cuts the water off from the 

surrounding soil and substrate, which helps regulate the acidity of the water, and this 

could be the reason for the elevated pH levels in BR, K and BT (whose sources are 

concretised waterways). Conserving our secondary forest streams therefore means not 

concretising them. Instead, planting more trees or allowing the forest to regenerate itself 

will lead to an improvement of the ability of the soil to hold water, while digging ponds 

for the streams to flow into will reduce the severity of flooding. Taking measures to 

further clamp down on littering will reduce debris that clogs up waterways. Such 

methods not only help alleviate flood problems, they also help improve the health of 

our nature areas.  

The upcoming highway project is likely to have an impact on the stream even though it 

is planned that the road will bridge the stream instead of destroy it. However, 

construction work will inevitably lead to some impact, and it is important that the LTA 

take steps to prevent pollution of the water by construction materials and litter from 

workers. During this study, it was already observed that site BR2, located next to 

preliminary construction work by the LTA, was littered with plastic bottles and 

wrappers.  

Finally, preserving Bukit Brown’s status as a cemetery will discourage indifferent 

visitors who litter in parks such as Bukit Batok from visiting and polluting the streams 

there. Protecting the surrounding area from further development, such as future housing 

projects will be essential to keeping the streams safe from human callousness.    

It is hoped that this study will contribute to the appreciation of the rich fauna that Bukit 

Brown is home to, and it may serve as a reference point for future studies done after the 

completion of the bridge project.  
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Appendix 

 
Figure 5.1: Guppy (Poecilia reticulae) from BT1 

 

 
Figure 5.1 Saddle Barb (Puntius banksi) from K1 

 

 
Figure 5.3 Southern Platyfish (Xiphophorus maculatus) from BR1 
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Figure 5.4 Common Walking Catfish (Clarias batrachus) from BR1 

 

 
Figure 5.5 Oriental Swamp Eel (Monopterus albus) from BR1 

 
Figure 5.6. Forest Betta (Betta pugnax) from K1 

 
Figure 5.7 Paradise Fish (Macropodus opercularis) from K1 

 
Figure 5.8 Japanese Freshwater Shrimp (Macrobrachium nipponense) from K1 
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Figure 5.9. Zebrafish (Danio renio) from K2 

 

 
Figure 5.10. Pearl Danio (Danio albolineatus) from K2 

 
Figure 5.11 Red-eared Slider (Trachemys scripta elegans) from K1 

 
Figure 5.12  Striped Panchax (Aplocheilus lineatus) from BT2 
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Figure 5.13  Freshwater Crab (Parathelphusa maculata) from BT1 

 
Figure 5.14  Croaking Gourami (Trichopsis vittata) from BT2 

 

Figure 5.15 Soon Hock/Marbled Goby (Oxyeleotris marmorata) from K1 
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Bukit Batok 
Site 1 

Bukit Batok 
Site 2 
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Figure 6.1 Map of Bukit Batok Nature Park (Taken from NParks)

 

Figure 6.2: Map of Bukit Brown (taken from Asian Paranormal Investigators) 

 

Bukit Brown 
Site 2 

Bukit Brown 
Site 1 
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Figure 6.3: Map of Bukit Brown and Kopi Sua (taken from Google Maps) 
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