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1 Abstract 
 

Urbanization has led to a stark decrease in the population of wildlife in the natural 
habitats of Singapore, which threatens the survival of the species involved. As such, 
three fish species facing endangerment - Harlequin Rasboras, Croaking Gouramis and 
Kuhli Loach were chosen as the target of our research project, to find the ideal 
conditions that they can thrive in and hence keep them in captivity, then releasing them 
back into the wild to prevent extinction of their kind. Our hypothesis is that the ponds 
and rivers in Singapore are suitable for reintroduction of these species and the 
construction of artificial habitats may facilitate the process. To confirm our hypothesis, 
we did preliminary studies by analyzing water samples from the pond in East Coast 
Park, and then simulate the river environment to understand if the fishes are able to 
survive in such conditions. Results have shown that the fishes can indeed survive in the 
extreme conditions of pH, temperature and level of dissolved oxygen in some of the 
waterways in Singapore, confirming our hypothesis. A further extension to our project 
could be investigating the ideal conditions for breeding these species such that the 
process of repopulation can be sped up. 

(200 words)



2 Introduction 

 

In this project, we have chosen to work on the three species, Kuhli loach, Harlequin Rasboras 
and Croaking Gouramis as research has shown that there is a dwindling population of the 
three species of fish (Robert,2001). This could be due to pollution of the rivers similar to the 
early Singapore River or some general causes such as eutrophication in the ponds of parks or 
loss of natural habitats due to rapid urbanization. Being an urbanized country, Singapore may 
face environmental threat such as eutrophication as the use of fertiliser in parks is common. 
Leaching of the nutrients into the ponds from surrounding grass patches occurs regularly due 
to the frequent rain in the tropical climate. When this happens the pH of the water in the pond 
will be altered, and thus the survival of the fish in the pond will be affected. 

Another reason behind their dwindling population could be due to the introduction of the new 
species into the habitat. For example, the introduction of the terrapins into the waters of 
Singapore may pose a threat to the survival of the other fish in the waters. Being omnivorous, 
these terrapins, upon introduction into our ponds, canals and reservoirs, may feed on the eggs 
and the fingerlings of native fish in the waters, thereby affecting their population (Kelvin, 
2006). 

Evidently, there is a need to save these species from extinction in Singapore. To do so, we 
have decided to explore how to keep these fish in captivity by finding out the optimal 
conditions that they can live in so as to breed them in captivity. 

As a further extension of the project, we would want to find a more suitable and safer 
location to release the fish that had been bred in captivity into our waterways to maintain the 
biodiversity of our pond ecosystems. We aim to reintroduce them into our waterways such as 
the turtle ponds in East Coast Park, reservoirs, or the Singapore River. However, these 
locations may be unsuitable due to PUB’s implementation of the Active, Beautiful, Clean 
Waters (ABC Waters)  programme, which had called for the transformation of the waterways 
to become new recreational spaces for water activities(PUB, 2011) Giant water wheel on 
Kallang River may be used to collect litter(Rita, 2006).This would lead to the increase in 
activities near the water surface at the reservoirs, which makes these locations unsuitable to 
support the Croaking Gouramis. Currently, the most ideal location is the Lorong Halus 
Wetland, which is also part of the ABC Waters Programme. One objective of this programme 
is to construct new habitats for wildlife. 

The inspiration of our project was the artificial reef restoration done by various scientists, 
particularly the one done in Tokyo, in which scientists planted thousands of corals on ceramic 
beds(Ria, 2008). 

We then adapted this idea, and chose to create artificial habitats to provide the fish with 
shelter from predation and allowing the fish to flourish in the location that we plan to release 
them into. 



3 Materials and Methods 

 

3.1 Subjects 
The three layers of water dwellers – Kuhli Loach, Harlequin Rasboras and Croaking Gourami 
have been chosen to be the target of our project. 

3.2 Material 
The pond water was collected from East Coast Park (Area D), Singapore, on 14th October 
2011. A bottle of the pond water sample is kept in the Science and Technology Centre at 
Victoria Junior College. 

 

3.3 Methods 

3.3.1 Site Study 
Data was collected for a period of 7 days, from the 1st October to 7th October 2011, to 
investigate the following parameters of the pond water: temperature, pH, conductivity (an 
indirect measure of salinity) and dissolved oxygen levels. Data was collected daily at 7 am 
and 3 pm. The rationale behind the timings is that 7 am would be the lowest temperature of 
the water because the sun has yet to rise to warm the water and it would have undergone a 
long period of low atmospheric temperature throughout the night; 3 pm would be when the 
water has been warmed by the sun throughout the day. 

The readings were done using a data logger with temperature sensor, pH sensor, conductivity 
sensor, and dissolved oxygen sensor (Addest Technology) respectively. Results were 
recorded to determine the conditions of the pond and daily fluctuations for simulation 
purposes in later experiments.  

 

 

   

 Figure 3.2.1The pond water that was collected 
from the turtle pond and kept at Victoria 
Junior College’s Science and Technology 
Centre. 



3.3.2 Acclimatization 
100 specimens of three species of fish: the Kuhli Loach, Harlequin Rasboras and Croaking 
Gourami were purchased from Qian Hu Fish Farm, and housed at the Science and 
Technology Centre of Victoria Junior College (VJC).The fish were kept in an air conditioned 
room at temperature of  25± 1°C. 

The three species of fish (Kuhli Loach, Harlequin Rasboras, Croaking Gouramis) were placed 
in stock tanks with tap water from the laboratory for acclimatization purposes before 
experimentation. 

Three stock tanks were used:  
T1: Harlequin Rasboras (tank size 48l) 
T2: Kuhli Loach and Croaking Gouramis (tank size 48l) 
T3: Small tank (experimental tank 24l) (Ocean Free, Nano Space 2), 

The tanks, purchased from Qian Hu, were aerated using built-in water pumps and filtration 
system and were kept at 25°C,using water chiller (Artica Chiller, 1/2 HP) throughout the 
duration of the project. 

1. 

 
Figure 3.3.1The set-up of filtration system 
consisting of a water pumps and 2 containers, 
that comes with the tanks (Ocean Free, Nano 
Space 2) from QianHu 
 

2.

Figure 3.3.2The set-up of filtration system 
consisting of a water pumps and 2 
containers, that comes with the tanks (Ocean 
Free, Nano Space 2) from QianHu 

 

 

The fish were fed food (Aquadene Fish Food) once, on every alternate day, i.e. Monday, 
Wednesday, Friday. Each time, half a spatula of food was fed into a tank(Ocean Free,Nano 
Space 2). More food was added in only after it had been completely eaten for a maximum of 
5 minutes.  

Water conditioner (Fritz, Ammonia Remover) was added to condition the tap water for 
experimentation.  

   

Container 1)  Container 2) 



3.3.3 Simulating pond water conditions in the laboratory. (Extreme conditions of the 
pond water - pH and the temperature) 

 
The experiment was carried out using 8 tanks each containing 5 specimens of each species, 
(Kuhli Loach, Harlequin Rasboras and Croaking Gouramis). The fish were kept in their 
respective tanks (Ocean Free, Nano Space 2) for 4 weeks to determine the conditions in 
which the fish were able to survive. 

 

 

Table 3.3.1The parameters of the respective tanks at the start of the experiment. 

Tank Temperature/°C pH 
A1 25.0 6.0 
A2 25.0 6.0 
B1 25.0 10.0 
B2 25.0 10.0 
C1 33.0 6.0 
C2 33.0 6.0 
D1 33.0 10.0 
D2 33.0 10.0 
 

The temperature at 33°Cwasmaintained using water heater (XiLong Heater, AT-700)and that 
at 25°C was maintained using water chiller (Artica Chiller, 1/2 HP)while the pH was adjusted 
accordingly using aquarium pH buffer- pH plus and pH minus (Aquredi). The tanks (Ocean 
Free, Nano Space 2),from Qian Hu, were aerated using the built-in system that came with it. 

   

Figure 3.3.3The 2.4l (Ocean Free, Nano Space 
2) tank used for the experiments, bought from 
Qian Hu. 



3.3.4 Verification of survival in actual pond water 
This was done to verify whether the fish could survive in the pond water. Five specimens of 
each fish were placed into 2 separate tanks, each containing 20L of the freshly collected pond 
water for 2 weeks. The tanks (Ocean Free, Nano Space 2),from Qian Hu, were aerated using 
the built-in system that came with it. 

 

   

Figure 3.3.4The verification of fish survival in the 
pond water, kept in tanks P1 and P2 



3.3.5 Artificial habitat studies 
IKEA materials, such as ice cube makers, glass bottles, light bulbs, porcelain containers, table 
baskets and plastic plates, were placed into the tanks to simulate natural shelters created by 
underwater plants, structures and crevices formed by the rocks. The fish were continuously 
observed to determine if they were adapting to this simulated environment and making use of 
the structures for hiding. 

1.  2.

 

3.  

 
 

Figure 3.3.5From the top left: 1.Mini wine bottles and 
trays, 2.plastic funnels, 3. plastic plates 
 

 

   



3.3.6 Testing the hardness of the pond water (Ca2+ content) 
The method, Complexometric titration, was employed in the test for Ca2+ ions present in the 
pond water(University of Canterbury, 2011). 10 cm3  pond water was transferred to a conical 
flask using a pipette (10ml). Approximately 3 Sodium hydroxide pellets (GCE Laboratory 
Chemicals, Goodrich Chemical Enterprise) were added to the conical flask and swirled until 
the pellets were fully dissolved. The solution was left to stand for 5 minutes, in order to allow 
precipitate (if any) to form. After 5 minutes, 0.1g of Patton-Reeder indicator (Sigma-Aldrich, 
Pf. D-089555, Steinheim) was added to the solution. The solution was then swirled until the 
indicator was fully dissolved. 0.025 moldm-3Ethylenediaminietetraacetic acid (EDTA) was 
diluted 25 times to produce 0.001 mol dm-3 EDTA. EDTA was then titrated against the pond 
water solution, until the end-point (turquoise colour) was observed.   

1. 

 
Figure 3.3.6Dilution of the EDTA by 25x using a 
standard flask with the ratio of EDTA:water 
being 10:25 
 

2.

 
Figure 3.3.7Pipetting the turtle pond water 
into the conical flask (the red rectangle) 

3. 

 
Figure 3.3.8Student adding the sodium hydroxide 
pellets into the conical flask containing the turtle 
pond water; after which the conical flask is left to 
stand for 5minutes. 

4.

 
Figure 3.3.9Addition of the indicator into the 
conical flask containing the pond water. 



5. 

 
Figure 3.3.10Titration of the turtle pond water 
(in the conical flask) against the diluted EDTA 
(in the burette) 

6.

 
Figure 3.3.11Titration of the turtle pond water 
reaches the end point when the turquoise 
colored solution is obtained. The volume of the 
EDTA used is then recorded 

7. 

 
Figure 3.3.12Different colors of the titration 
results. A) Pink: Start point of titration, 
indicating high levels of Ca2+ ions, B) Purple: 
Mid- point of titration, C) Turquoise: End Point 
of titration, No presence of the Ca2+ ions 
detected. 

  

 

 

3.3.7 Simulation of river condition with surface disturbance 
A wave propeller (ECOSMART Driver, Vortech MP40W) was installed to simulate the 
possible disturbances caused by passing motorboats, to observe if the fish were able to adapt 
and continue to live normally in the rivers. The wave mode used was Long pulse, at strength 
of magnitude 3. 

   

A  B  C 



All remaining fish were transferred from their various tanks to a stock tank. 

1.  

  
Figure 3.3.13Students removing the fish 
from their individual tanks 

 

2. 

Figure 3.3.14 Student rinsing the emptied tank 

  

 

To observe the direct effect of the wave propeller on the fish, the fish were fed food to 
compare their conditioned responses before and after the introduction of the wave propeller. 
Before the addition of the propeller, we only mimicked the hand gestures of feeding the fish 
with food, so as to observe the usual conditioned behaviour of the fish when “fed food”. The 
purpose of mimicking the hand gestures instead of feeding the real fish food is to ensure that 
the hunger state of the fish remains the same before and after the introduction of the 
propeller, thus ensuring the accuracy and the fairness of the experiment. After the addition of 
the propeller, fish food was then fed to the fish and their responses were once again observed. 

3.3.8 Eutrophication Simulation (O2 deprivation) 
10 specimen of Kuhli Loach and Rasboras, as well as 8 specimens of the Gouramis were 
taken out from the stock tank, and placed into three separate tanks. Dissolved oxygen was 
allowed to be depleted from the tank water by not providing aeration in order to determine 
the minimum amount of oxygen required by the fishes to survive, i.e., the level of oxygen 
where at least 50% of the population is able to survive. This is necessary to find out whether 
the fish can survive in ponds experiencing a great degree of eutrophication where dissolved 
oxygen levels are usually low. The pumps were first removed from each tank.  

Steps taken to reduce the oxygen levels in the tank: 



1. Initially, after the removal of the tank, one quarter of water from each tank (capacity 
24L) was removed and replaced with boiled and cooled water. 

 
Figure 3.3.15 Three species in separate tanks 
 

2. The survivors of each tank are then transferred to individual 1 Lglass bottle and 
tightly capped to cut off gaseous exchanges with the surroundings for three days.  
The species in each tank is as follow: 
A- Croaking Gourami 
B- Harlequin Rasbora 
C- Kuhli Loach 

 
Figure 3.3.16Each species of fish kept in individual bottles. 
 

 

 

 

 

 



4 Results and Discussion 

 

4.1 Site Study 
 
Table 4.1.1The average daily temperature readings at 3pm 
Time 7am

Parameters Temperature/°C pH DissolvedO2/mg 
L‐1 

Conductivity/ µS 
cm‐1 

Average Reading 
for the 7 days 

27.6 ± 1.20 9.1±0.554 4.07± 1.59 77.4±18.6 

 
Table 4.1.2The average daily temperature readings at 3pm 

 

The pH of the pond water was found to be too high for the 3 species of fish to live 
comfortably in as verified by the following table from a website called Tim’s Tropicals, a 
“Top ranked Tropical fish Compatibility database”(Anderson, 2009). 

The alkaline pH could be due to high levels of Ca2+ ions present in the pond, since lime (e.g., 
dolomitc lime, calcitic lime, hydrated lime, slaked lime, etc.) is usually added to the bottom 
layer of an artificial pond during its construction (Whetstone, 2002; Watson, 2001). Lime will 
react with water to form Ca(OH)2 resulting in the alkaline pond water. 

After analyzing the result of the site study, we chose to work on investigating the effects of 
pH and temperature on the survival of the fish. The chosen temperature was the maximum of 
33°Cand normal room temperature of 25°C; the chosen pH was the optimal 6.0 and the pond 
condition of 10.0, to be used in the later experiments. 

 

 

 

 

 

Times 3pm

Parameters Temperature/°C pH Dissolved  O2/ 
mg L‐1 

Conductivity/µS cm‐

1 
Average Reading 
for the 7 days 

31.3±1.93 8.54± 0.770 4.64± 2.59 99.7±14.9 



4.2 Stimulating pond water conditions in the laboratory 
Before: 10:15am 

Table 4.2.1The parameters of the water in the respective tanks at 10.15am, before changes in the temperature and the 
pH values were made 
 A2 B1 C2 D1 
Temperature/°C 27.9 27.9 27.9 28.0 
pH 7.3 7.2 7.3 7.2 
Dissolved O2 /mg L‐1 7.8 7.0 7.0 7.2 
Conductivity/µS cm‐1 131.9 125.6 131.2 136.1 
 
Table 4.2.2The parameters of the water in the respective tanks at 10.15am, after changes in the temperature and the 
pH values were made 
 A2 B1 C2 D1 
Temperature/°C 26.2 26.5 28.2 28.4 
pH 6.1 9.8 6.1 9.3 
Dissolved O2 /mg L‐1 7.1 7.2 6.8 6.8 
Conductivity/µS cm‐1 130.9 126.5 130.1 136.0 
 

On 21st November 2011, the remaining fish are as follows: 

 

 

Comparing tanks A1 and C2, where the pH was lowered from pH 9 to pH 6 for both tanks, an 
increase in the temperature from 25˚C to 33˚C in tank C2 led to more deaths of the fish 
(i.e.,only 1 Croaking Gourami and 1 Harlequin Rasboras remained) than a decrease in the 
temperature from 33˚C to 25˚C in tank A1 (i.e.,5 fish per species remained).  

Comparing tanks B1 and D1 where the pH is increased from pH 6 to pH 9 for both tanks, an 
increase in the temperature from 25˚C to 33˚C in tank D1 led to more deaths than a decrease 
in the temperature from 33˚C to 25˚C in tank B1. 

Figure 4.2.3 Graph showing the Number of Fishes of the various species left in the 
different tanks, as of 21/11/2011 



This shows that the fish cannot survive in conditions where the temperature is high. 

Comparing tanks A2 and B1, where the temperature is lowered from 33˚C to 25˚C for both 
tanks, an increase in the pH from pH 6 to pH 9 in tank B1 had led to more deaths than a 
decrease in the pH from pH 9 to pH 6 in water in tank A2. 

Comparing tanks C2 and D1, where the temperature is raised form 25˚C to 33˚C for both 
tanks, an increase in the pH from pH 6 to pH 9 has led to more deaths in tank D1 than a 
decrease in the pH from pH 9 to pH 6 in tank C2. 

pH plus makes the water extremely cloudy. Also, life is supported by biochemical reactions 
in the body catalyzed by enzymes, which are sensitive to pH; therefore a slight change in the 
pH would affect the enzymatic activity (Ningthoujam, 2011). This change in enzymatic 
activity results in the death of the fish. This is shown when the fishes started to exhibit 
strange behaviours. Gouramis started to swim to the surface to breathe, as the precipitate 
causes breathing difficulties for Labyrinth fish (Sharpe, 2011). Thus, this shows that the fish 
do not survive well in the water that is too alkaline. 

Therefore, the 3 species of fish were unable to survive at high pH levels. 

Hence, subsequent experiments were only conducted at the optimum pH of 6.0 and no longer 
at 10.0 since it has been shown that the fish do not survive well at pH 10.0. The temperature 
is also set at 25˚C instead of 33˚C since high temperature was unfavourable for the fish to 
survive in. 

 

4.3 Verification of survival in actual pond water 
The experiments done (in section 1.3.3) previously had shown us that many fish died in 

alkaline conditions, thus it is possible that the fish is not likely to survive in the alkaline pond 
water too. Therefore, after the tank A to D experiment (in section 1.3.3), some pond water 
was brought back to verify whether the fish can survive in the pond water. The fish were then 
kept in the following two tanks containing pond water, P1 and P2. 

Table 4.3.1The number of fish remaining in the tanks at 28/11/11 
 P1 P2 
Croaking Gourami 1 1 
Harlequin Rasboras 4 2 
Kuhli Loach 5 5 
 

In tank P1, a total of 4 Gouramis and 1 Rasbora died while in tank P2, a total of 4 Gouramis 
and 3 Rasboras died. This death toll is significant, as we had initially started off with 5 
species in each tank. Therefore, this shows that both the Harlequin Rasboras and the 
Croaking Gouramis were unable to survive well in the pond water. However, Kuhli Loaches 
were observed to survive in this condition better than the other 2 species as none of them 
were observed to have died in this experiment. 



4.4 Artificial habitat studies 
  
1. 

 

2.

 
 

3.  

 
 

Figure 4.4.1 The fish swimming around the newly added materials, showing that they have adapted to the new 
environment. From the top left: 1. Kuhli Loach found hiding under the ice cube makers  
2. Fishes found swimming in the containers. 3. Some fish found swimming in between the hole of the ice cube 
makers and one found inside the green glass bottle. 
 

It can be observed that all three species were able to adapt and made use of the added 
structures with ease as shelters and protection. This adaptation means that they are able to 
avoid predation by terrapins and larger fishes, thus ensuring their survival. 
 

 

 

 

 

 

 

 



4.5 Testing the hardness of the pond water (Ca2+ content) 
 
Table 4.5.1Concentration of the Ca2+ ions present in the turtle pond water (by titration against EDTA.) 
Volume of EDTA (cm3) required to titrate against 10cm3 of turtle pond water

 Initial Reading Final reading Volume Used 
R1  0.00 2.10 2.10

R2 0.00 2.10 2.10

R3 0.00 2.10 2.10

Average Reading                                                 2.10

 

The outcome was 10 cm3 of pond water required 2.1cm3 of 0.001 mol dm-3 EDTA for 
complete neutralisation.  

The number of moles of Ca2+ ions in the pond water is calculated to be 2.1 x 10-4mol dm-3. 

 

 

 

0.01 mol dm-3 EDTA was also titrated against tap water. 

Table 4.5.3 Concentration of Ca2+ ions in the tap water, with titration against EDTA. 

Volume of EDTA (cm3) required to titrate against 10cm3 of tap water
 Initial reading (cm3) Final reading (cm3) Volume used (cm3)
R1 0.00 5.30 5.30 
R2 0.00 5.20 5.20 
R3 0.00 5.40 5.40 
Average reading 5.30 
 

Figure 4.5.2 Print screen from an online source (Lenntech, 2011) showing the 
Interpretation of the concentration of the Ca2+ ions in the turtle pond water, 
with reference to the hardness of water 



The result was that 10cm3 of tap water required 5.30 cm3 of 0.001mol dm-3 EDTA for 
complete neutralisation. The number of moles of Ca2+ ions in the tap water is calculated to be 
5.30 x 10-4mol dm-3. 

 

 

This shows that the tap water (0.00053 mg/L of Ca2+) is harder than the pond water (0.00021 
mg/L of Ca2+), which is unfavourable to the survival of the fish, as harder water contains 
more Ca2+ ions in the water. On the other hand, the pond water is considered soft by 
international standards. Soft water means low [Ca2+], hence, the alkalinity observed in the 
pond water is unlikely to be caused by lime because lime is calcium oxide, so if the alkalinity 
is due to lime, there should be a high concentration of Ca2+ in the pond water. Some other 
possible causes of alkalinity: Dissolved CO2 in the water causes the water to be slightly 
acidic; however, when photosynthesis occurs, the amount of dissolved CO2 drops, allowing 
the pH to rise, which translates into more alkaline water conditions. If there is too much algae 
in the pond undergoing photosynthesis, the water can become too alkaline. 
 

 

 

 

 

 

 

 

 

 

Figure 4.5.4 Print screen from an online source (Lenntech, 2011) 
showing the Interpretation of the concentration of the Ca2+ ions in the 
tap water, with reference to the hardness of water. (Lenntech, 2011) 



4.6 Simulation of river condition with surface disturbance 
 

1. 

 
Figure 4.6.1Student mimicking the hand gesture 
of feeding the fish with food before the 
introduction of the wave propeller. 
 

2. 

 
Figure 4.6.2Fish food fed after the 
introduction of the wave propeller (the red 
circle). 
 

 

Table 4.6.3 Comparison between the observable behaviours of the different species of the fishes, before and after the 
introduction of the wave propeller. 

Stock Tank Parameters 
Temperature/°C  27.5
pH  5.8
Dissolved O2 /mg L‐1  7.8
Conductivity/µS cm‐1  113.0
 

 

Figure 4.6.4 Comparison between the observable behaviours of the different species of the fishes, before and after the 
introduction of the wave propeller. 

 

Observations

Before 

 
‐Swimming normal 

‐Fishes swim to surface in 
anticipation of food. 

After

‐Disorientated swimming 

‐Croaking Gourami and Kuhli Loaches hid 
in pipes 

‐Harlequin Rasboras swam in clusters 

‐ Harlequin Rasboras has better swimming 
control than Croaking Gourami 

‐When fed: Fishes waited for food to sink 
to the bottom before eating normally. 



a) Before addition of wave propeller 
Before the addition of the wave propeller, all the fish still responded to feeding by swimming 
to the surface of the water in anticipation of the food. 

 

 

 

b) After the immediate addition of wave propeller 
 

After the immediate addition of the wave propeller, the fish were affected by it as follow: 

Harlequin Rasboras: This previously active species, now swam towards the bottom of the 
tank and displayed a tendency to hide in the shelters provided.  

Kuhli Loaches: This species showed disorientated swimming behavior by coming out of their 
usual hiding place(i.e., the pipes). 

Croaking Gouramis: This species did not adapt that well as they were swimming all over the 
places instead of going into hiding. 

All species: When fed food, none of the species swam to the surface of the water. Instead 
they waited at the bottom of the tank for the food to sink. 

Figure 4.6.5 The actual behavior of the fish when fed food- all 
swimming up in anticipation of the food and the Rasboras 
swimming relatively near the surface of the water. 



6. 

 
Figure 4.6.6 The behavior of the fish immediately after the introduction of the wave propeller 
(the red rectangle)- disoriented swimming with the Rasboras, which usually swim at the 
surface, swimming at the bottom of the tank near the pipes. 
 

 
7. 

 
Figure 4.6.7 Harlequin Rasboras hiding in the pipes. 

 
8. 

 
Figure 4.6.8 The fish feeding on the food that has sunk to the bottom of the tank instead of 
feeding straight from the surface, when fed food.
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4.7 Eutrophication Simulation (O2 deprivation) 
 

Table 4.7.1The parameters of the water of the tank, at the start of the oxygen deprivation test, before any changes to 
the water were made. 

Tank Parameters 
 A B C
Temperature/°C 25.1 25.4 25.4
pH 8.3 8.1 8.2
Dissolved O2 /mg L‐1 6.6 6.7 6.6
Then, one quarter of water from each tank (capacity 24L) was removed and replaced with boiled and 
cooled water.  

Table 4.7.2The comparison of the level of the dissolved oxygen (/ mgL-1) in the respective tanks, before and after the 
addition of the boiled water. 

 A B C
Dissolved O2 /mg L‐1 5.9 5.3 5.3
Dissolved  O2  (after 
adding  boiled 
water)/ mg L‐1 

5.2 4.7 4.7

 

This shows that the replacement of the water with the boiled water reduces the amount of the 
dissolved oxygen present in the water for the fish. Thus, this created an unfavourable 
condition for survival for the fish. 

However, on 14/12/11, it was measured and recorded that there was a general increase of the 
dissolved oxygen level as compared to the readings recorded on 7/12/11. A possible reason 
behind this is that there is some gaseous exchange between the atmosphere and the surface of 
the water. 

Therefore, by transferring the survivors in each of these three into separate 1 L bottles, it will 
mean a significant decrease in the amount of the oxygen that the fish is provided with(a 
change from 2.4 Ltank to a 1 liter bottle). Furthermore, the bottles are also tightly to ensure 
no gaseous exchange to take place.  

The species in each bottle is as follow: 
A-Croaking Gourami 
B-Harlequin Rasboras 
C-KuhliLoach 

 



3. 

 
Figure 4.7.3 Kuhli loaches swimming to the 
surface to gasp for air 
 

4.

 
Figure 4.7.4 The remaining 5 survivors of the 
Kuhli Loach  in the bottle, with one at the 
surface (the one in red rectangle), gasping for 
air and 4 at the bottom (those in the red 
circle.).

 
This observation of the fish swimming at the surface of the water could be used as a 
preliminary evaluation of whether ponds are undergoing eutrophication, i.e., if most of the 
fish in the pond are observed to be near the surface, it could be an indication that the pond is 
undergoing eutrophication and dissolved oxygen levels are extremely low. 
 

Table 4.7.5 The minimum oxygen level required for each species to survive and the survivor count at the point of the 
recording of the 

Species of fish Minimum Oxygen  Level  (mg 
L‐1) 

Survivor Count 

Croaking Gourami(Tank A) 0.4 3
Harlequin Rasboras (Tank B) 0.9 5
KuhliLoach(Tank C) 0.5 5
 

From the above experimental results, it can be concluded that minimum dissolved oxygen 
level for survival is the highest for Rasboras(0.9mg L-1), followed by Loach (0.5 mg L-1), and 
lastly, Gourami (0.4mg L-1) in decreasing order. 

According to the experiments conducted, Rasboras have the highest minimum dissolved 
oxygen level of 0.9mg L-1 as it is the most active among the three species with quick darting 
movements at all times. Fast movements would mean stronger muscular contractions, higher 
metabolic rates and higher demand for dissolved oxygen in order to produce energy via 
cellular respiration (Bailey, 2011).  

Kuhli Loach are able to survive at lower minimum oxygen levels (0.5 mg L-1), than Rasboras 
as they are generally slow-moving, and thus require less oxygen for muscular contractions. 

Gouramis require the lowest minimum dissolved oxygen level (0.4mg L-1) as they, being 
Labyrinth fish, are able to obtain small amounts of oxygen directly from air (Anderson, 
2009). Thus, they are able to survive even at low dissolved oxygen levels. 



5 Conclusion 

 

From the above experiments, we have concluded some points. 

Firstly, according to the experiments conducted in section 1.3.7 and the results obtained in 
section 2.6, fish can acclimatize to surface disturbance quickly so the transformation of our 
reservoirs into recreational parks should not hinder plans to reintroduce fish. 

Secondly, ponds with alkaline pH nearing 10 might not be suitable for reintroduction as the 
experimental results in section 2.2 has shown us that an alkaline condition results in a higher 
death rate than an acidic condition. 

Thirdly, ponds with dissolved oxygen levels above 1.0 mg/L would provide the minimal 
condition for the fishes to survive. Ponds with dissolved oxygen level of more than 2.0 mg/L 
might have other causes leading to population decline such as predation or pollution. 

Also, artificial habitats created using glass, plastic or silicon in place of hollowed rocks could 
be used to enhance the survival of these fish and allow them to re-establish their natural 
populations. The use of these materials could serve as a shelter for the fish when they feel 
threatened by any surrounding factors. 

Future extensions to the project may include investigating the ideal water conditions for 
breeding the fishes or the ideal arrangements of the artificial habitat to promote spawning. If 
positive results are collected from such studies, we could proceed to reintroduce fish into 
selected ponds/ reservoirs and track their survival rate.  Alternatively, we could also 
collaborate with the local fish farms and the Lorong Halus Wetland under the NEA Active 
Beautiful Waters Programme. Lorong Halus Wetland was transformed from a landfill into an 
educational site and biodiversity haven for plants, birds and other wildlife.  We could aid this 
effort by introducing our artificial landscape prototype into the wetland. We could also 
compile a manual on how the interested hobbyists could breed native freshwater fish at home 
by constructing suitable breeding conditions in their tanks. 
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