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Abstract  

With the construction of dams at major freshwater rivers in Singapore, there is a need to monitor 
acute salinity changes where dams operate, to determine impact on marine life. In this work, we 
conduct acute toxicity testing on copepods which are an important link in food webs as primary 
consumers. The copepods originate from different environments – the mouth of Pandan River 
(estuarine), St John’s Island (open sea) and Pasir Ris Mangrove. The copepods are tested for 
mortality during osmotic shock at 5 minutes and later 24 hours, when immersed into salinities of 
0-40 ppt in intervals of 5 ppt. Tisbe (estuarine) copepods have a tolerance span of 20 – 25 ppt, 
while copepods from the mangrove and open sea have a tolerance span of 10 – 15 ppt. The 
longer the duration of immersion, the lower the survival rate of copepods. We also conducted a 
preliminary study observing the development of Tisbe copepods from nauplius to adult stage in 
various salinities.  Copepods develop to maturity faster with increasing salinity (from 15 ppt to 
30 ppt) but die at naupliar stage at 35 ppt. Our experimental data shows that osmotic shock and 
deviation from natural salinity does affect mortality and development of copepods. Thus we 
recommend that the Public Utility Board (PUB) track salinity changes at areas where there is 
sizable freshwater release and decrease the volume of freshwater released so as to maintain the 
salinity of the water surrounding the dam and prevent damage to the local marine ecosystem. 
 
Introduction  

With the increase in emphasis on self-sustainability, Singapore has been improving its water 
resources management and establishing new water processing plants and dams to cope with 
increasing demands. (Moh, 2009) At dams that store large amounts of freshwater, there is a risk 
of salinity shock to marine organisms living around the mouth of the dam when bulk release of 
water occurs, a risk which is further aggrandized by the fact that there is no monitoring of water 
salinity around the dam. As such, there is a growing concern and need to assess the potential 
impact of freshwater release on the marine health.  

As copepods are sensitive to salinity changes (Hall and Burns, 2000; Cervetto et al., 1999), they 
are suitable indicators to assay how salinity changes affect marine health. Copepods are the most 
abundant metazoans on the earth (Turner, 2004). They are a key link between primary producers 
and the higher trophic level consumers (Springer, 1985) and are important to many higher 
trophic level consumers as the main natural food resource to larvae and juvenile fish 
(Lahnsteiner et al. 2009) and as prey for ichthyoplankton and other larger pelagic carnivores 
(Turner, 2004). They act as major grazers of phytoplankton and are components of the microbial 
loop (Turner, 2004). 
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Literature Review 

Research has shown that salinity directly affects the health of copepods. It has been shown in 
experiments that salinity levels affected the survival and reproduction of Boeckella hamata, with 
lower survival rates among both male and female adults and a lower egg production rate among 
female adults (Hall and Burns 2000). Through experiments with three species of Acartia, it was 
shown that the combination of temperature and salinity affected the survival of copepods, with 
acclimation helping to increase survival rate (Lance 1963), while another experiment showed 
that Acartia bifilosa also exhibited poor recovery in full-strength seawater after being immersed 
in lethal dilutions for short periods. Also, previous studies have established the relationship 
between salinity levels and the distribution of the Calanoid copepod, Acartia tonsa, by 
determining salinity tolerance levels (Cervetto et al. 1999). 

Purpose of Research  

Previous research has documented how factors such as temperature and salinity may affect the 
health and survival rate of copepods (e.g. Chinnery, 2004). However studies have not been 
conducted in a local context. As such we sought to deepen our understanding of how salinity 
affects local copepods and contribute in a small way to better conserve local marine biodiversity. 
Within this paper, we aim to analyze the survival rate of copepods of the Tisbe family and other 
local copepods collected from mangroves and the open sea, so as to determine the effective 
salinity range of the copepods. 
 

Hypothesis  

We hypothesized that the copepods will have a salinity tolerance range centered on the natural 
salinity in their habitat. We studied the survival rate of copepods collected from a mangrove, 
estuarine and open sea to determine the effective salinity range of the copepods. Copepods 
collected from Pasir Ris mangrove swamps have the highest tolerance span towards acute 
salinity shocks as they are subjected to tidal conditions. Tisbe copepods (estuarine) will have a 
high tolerance span too as they are subject to the flushing of freshwater from the Pandan river. 
Copepods collected from St John’s Island (open sea) will have a lower tolerance span as they 
experience less fluctuation in salinity. The length of time that the copepods are placed in 
salinities different from their natural salinities is also proportional to the mortality rate. We also 
hypothesize that copepod nauplii will develop to maturity most quickly at the salinities close to 
its natural salinity of 28 ppt (25-30 ppt) as they are subject to more favourable environmental 
conditions. For salinities which deviate the most from the natural salinity (15, 20 and 35 ppt), 
copepod nauplii will take a longer time to develop to maturity. 
 
Experimental Materials and Methods 

Materials 

We used natural seawater filtered with mesh bags of 150-200µm, a salinity meter, a pH meter, 
thermometers, beakers, distilled water, plankton net of 153µm pore size and marine copepods for 
our experiment to test their salinity tolerance. PhycoPure™ CopePod Blend Phytoplankton is fed 
to the copepods. Seawater of different salinities (0, 5, 10, 15, 20, 25, 30, 35, 40 ppt) is prepared 
by first autoclaving the filtered natural seawater obtained from around St John’s Island and Pasir 
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Ris mangrove swamp. We diluted seawater with pure water to produce a lower salinity, and 
evaporated seawater to produce a higher salinity. 
 
Methods 
Our experiment consisted of acute toxicity testing of copepods from different environments. We 
also conducted a preliminary study observing the time taken for Tisbe copepods immersed in 
different salinities to develop from naupliar to adult stage.  
 

Acute Toxicity Testing 

Copepods originating from three different environments are obtained from different sources. 
Tisbe copepods caught at the mouth of Pandan River were supplied by the Danish Hydraulic 
Institute-Nanyang Technological University (DHI-NTU) Research Centre and Education Hub. 
The Tisbe copepods were kept in culture for six months, or about 12 generations. Copepods were 
also caught using a plankton net of 153µm pore size from Pasir Ris mangrove swamp (during 
high neap tide) and the waters of St. John’s Island. The net was towed in the water before the 
contents were collected into a bottle. Thereafter, the copepods were sorted from other marine 
organisms and placed them into a separate beaker. These copepods were then fed with 3 drops of 
PhycoPure™ CopePod Blend Phytoplankton every three days. In order to ensure uniformity of 
results for the copepods used in the experiments, firstly, they were left undisturbed for a week to 
allow monoculturing via competitive exclusion due to limited resources. We also selected adult 
copepods of similar characteristics and appearance during experimentation. Our experimental 
procedure is as followed: 
 
1. Prepare seawater of various salinities (salinity in which copepods are reared in (control), 0, 

5, 10, 15, 20, 25, 30, 35, 40 ppt). The salinity in which the copepods are reared in is based 
on the salinity of the site where the copepods were obtained, which deferred from site to site. 

2. Pour 50ml of seawater of different salinities into different petri dishes. 
3. Place five adult copepods into each petri dish. 
4. Conduct a first count on the number of surviving copepods after five minutes and a second 

count 24 hours after the copepods have been placed in the petri dishes using a low power 
stereoscopic microscope. 

5. Animals showing no visible form of external movements or internal body activity within the 
observation period of 10 seconds are considered to be dead. 

6. Repeat with four replicates in total. 
 

The temperature and salinity of water was measured before and after experimentation in order to 
ensure that the experimental variables are constant. The petri dishes used for the experiments 
were also covered during the experimental 24-hour period starting from the entry of the 
copepods into the petri dishes to prevent evaporation. With the results, we are able to investigate 
the degree to which the environment can influence copepods’ resilience to changing salinity. We 
can also determine the approximate salinity threshold of the copepods through their survival rate 
at different salinities.  
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Observation of Copepods from Nauplius to Adult Stage 
 
This preliminary study was conducted as we wanted to further investigate how salinity affects 
copepod larval development which has not been studied locally. Tisbe copepods are observed for 
one full lifespan – egg, nauplius, copepodite and adult, in order to determine the salinity in which 
they can develop to maturity the quickest, and consequently, thrive best in. The nauplius can be 
distinguished by having a head and a small tail, with no true abdomen or thorax. The copepodite 
has additional segments and appendages and resembles an adult, but has a simple, unsegmented 
abdomen and only three pairs of thoracic limbs. The adult can be identified by a fused head and 
thorax, with the unfused sections of the thorax forming multiple segments, each with limbs. 
Unlike the copepodite, the adult possesses a segmented abdomen with no appendages. Our 
experimental procedure is as followed: 
 
1. Prepare seawater of various salinities (salinity in which copepods are reared in (control), 15, 

20, 25, 30, 35 ppt). 
2. Pour 15ml of seawater of various salinities into separate wells. 
3. Place one gravid copepod into each well. The eggs will hatch in six to 24 hours. 
4. Observe the wells every day. When the eggs hatch into nauplii, record the day as ‘Day 0’ 

and remove the adult copepod. 
5. Record the number of nauplii, copepodites and adults in each well every day for an 

approximate two week period. Recording of data will cease after 2 weeks. 
6. Repeat Steps 1-5 with three replicates in total. 
7.  

The temperature and salinity of all wells are measured everyday. With the results, we are able to 
determine the salinity at which copepods can develop to maturity the quickest. 
 
Statistical Analysis 
 
We used Chi-squared test for independence to determine if significant differences exists in the 
proportion of live copepods between the various salinity treatments and the control for both the 5 
minutes and 24 hours’ time periods. The null hypothesis is that there is no significant difference 
in the proportions of live copepods between each of the salinity treatments and the control. We 
also used Chi-square to determine if significant difference exists in the proportion of live 
copepods between the three locations for both the 5 minutes and 24 hours’ time periods. The null 
hypothesis is that there is no significant difference in the proportions of live copepods between 
the 3 locations. The level of significance for all tests is 0.05. 
 
We also used Wilcoxon test for paired samples, whereby the mean number of surviving 
copepods at t =0 (start of experiment), t = 5 min and t = 24h is used to analyze if significant 
differences in proportions of live samples between each interval exist. The Wilcoxon test for 
paired samples is a non-parametric equivalent of the paired t-test and this was preferred since 
sample sizes were small. The paired test was used because the same copepod individuals were 
observed at different time periods. Our null hypothesis is that there is no significant difference in 
the proportion of live copepods at the start of the experiment t = 0 min, t = 5 min and t = 24 
hours. 
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For our experiment with gravid copepods, no statistical analysis was applied as the results are 
preliminary and the sample size was small. As such, our interpretations for these results will 
need further investigation. 
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Results and Discussion 

Determination of salinity threshold 

Table 1.1: Survival rate of Tisbe Copepods at different salinities (salinities in bold have a significantly 
higher mortality rate) 

 
 

Salinity 

Mean 
number 

surviving 
+ 

Standard 
Error (5 

mins) 

Standard 
Error (24 

hours) 

Chi-
square (5 

mins) 
Significance 

Level (5 mins)
Chi-square 
(24 hours) 

Significance 
Level (24 

hours) 

0 ppt 
0.00 + 
0.00 

0.00 + 
0.00 36.10 p<0.001 36.10 p<0.001 

5 ppt 
0.75 + 
0.48 

0.00 + 
0.00 26.19 p<0.001 36.10 p<0.001 

10 ppt 
3.75 + 
0.95 

3.50 + 
0.56 3.68 p=0.056 4.90 p=0.027 

15 ppt 
5.00 + 
0.00 

4.50 + 
 0.25 0.03 p=0.874 0.53 p=0.468 

20 ppt 
5.00 + 
0.00 

4.25 + 
0.65 0.03 p=0.874 1.44 p=0.230 

25 ppt 
5.00 + 
0.00 

5.00 + 
0.00 0.03 p=0.874 0.03 p=0.874 

30 ppt 
5.00 + 
0.00 

4.25 + 
0.22 0.03 p=0.874 1.44 p=0.230 

35 ppt 
4.00 + 
0.00 

4.00 + 
0.61 2.50 p=0.114 2.50 p=0.114 

40 ppt 
0.25 + 
0.25 

0.50 + 
0.25 32.48 p<0.001 29.19 p<0.001 

 

Figure 1.1: Graph of Mean Number of Tisbe Copepods surviving vs Salinity Level (ppt) 
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Table 1.2: Survival rate of Pasir Ris Mangrove Copepods at different salinities (salinities in bold have a 
significantly higher mortality rate) 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Salinity 

Standard 
Error (5 

mins) 

Standard 
Error (24  

hours) 

Chi-
square (5 

mins) 

Significance 
Level (5 

mins) 
Chi-square 
(24  hours) 

Significance 
Level (24  

hours) 

0 ppt 0.00 + 
0.00 

0.00 + 
0.00 36.10 p<0.001 36.10 p<0.001 

5 ppt 0.50 + 
0.50 

0.75 + 
0.42 29.19 p<0.001 26.19 p<0.001 

10 ppt 3.50 + 
0.29 

2.00 + 
0.79 4.90 p=0.027 14.41 p=0.001 

15 ppt 5.00 + 
0.00 

3.75 + 
0.42 0.03 p=0.874 3.66 p=0.056 

20 ppt 5.00 + 
0.00 

4.25 + 
0.22 0.03 p=0.874 1.44 p=0.230 

25 ppt 5.00 + 
0.00 

4.25 + 
0.22 0.03 p=0.874 1.44 p=0.230 

30 ppt 4.50 + 
0.29 

1.25 + 
0.42 0.53 p=0.468 20.91 p<0.001 

35 ppt 0.50 + 
0.29 

0.25 + 
0.22 29.19 p<0.001 32.48 p<0.001

40 ppt 0.00 + 
0.00 

0.00 + 
0.00 36.10 p<0.001 36.10 p<0.001 

 

Figure 1.2: Graph of Mean Number of Pasir Ris Mangrove Swamp Copepods surviving vs Salinity Level (ppt) 
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Table 1.3: Survival rate of St John’s Island Copepods at different salinities (salinities in bold have a 
significantly higher mortality rate) 
 

Salinity  

Standard 
Error (5 

mins) 

Standard 
Error (24 

hours) 

Chi-
square 

(5 mins) 

Significance 
Level (5 

mins) 
Chi-square 
(24 hours) 

Significance 
Level (24 

hours) 

0 ppt 
0.00 + 
0.00 

0.00 + 
0.00 36.10 p<0.001 36.10 p<0.001 

5 ppt 
0.00 + 
0.00 

0.00 + 
0.00 36.10 p<0.001 36.10 p<0.001 

10 ppt 
1.75 + 
1.03 

0.00 + 
0.00 16.4 p=0.001 36.10 p<0.001 

15 ppt 
3.50 + 
0.65 

2.75 + 
0.82 4.90 p=0.027 9.18 p=0.003 

20 ppt 
4.75 + 
0.25 

4.75 + 
0.22 0.00 p=1.000 0.00 p=1.000 

25 ppt 
4.75 + 
0.25 

4.50 + 
0.25 0.00 p=1.000 0.53 p=0.468 

30 ppt 
5.00 + 
0.00 

4.25 + 
0.22 0.03 p=0.874 1.44 p=0.230 

35 ppt 
4.25 + 
0.48 

0.00 + 
0.00 1.44 p=0.230 36.10 p<0.001 

40 ppt 
0.00 + 
0.00 

0.00 + 
0.00 36.10 p<0.001 36.10 p<0.001 

 

Figure 1.3: Graph of Mean Number of St. John’s Island Copepods surviving vs Salinity Level (ppt) 
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Figures 1.1, 1.2 and 1.3 illustrate the mean number of copepods from each location that survives 
acute toxicity testing at each salinity level. 
 
From our Chi-Square analyses, we graphed the salinity tolerance range of copepods from the 
three locations. (Figure 1) Copepods from Pasir Ris Mangrove and St John’s Island both have a 
tolerance span of 15ppt at 5 minutes and 10ppt at 24 hours (Figure 1), but copepods from St 
John’s were more capable of withstanding high salinities whereas those from the mangrove 
survive better in lower salinities, both in the short term and long term. Additionally, the control 
salinities (28 ppt, 22.8 ppt and 27 ppt for Tisbe, Mangrove and St. John’s copepods respectively) 
fall in the approximate middle of the tolerance range, indicating that copepods had ability to 
osmoregulate in both directions. 
 
We previously hypothesized that copepods caught from Pasir Ris mangrove will have a higher 
salinity tolerance as they are constantly experiencing changes in the salinity of the water due to 
tide changes. However, results show that copepods from Pasir Ris Mangrove and St. John’s 
Island can tolerate span of 15ppt at 5 minutes, and tolerance span of 10 ppt at 24 hours (Table 2). 
Tisbe copepods can tolerate a span of 25 ppt and 20 ppt at 5 minutes and 24 hours respectively.  
 

Table 2: Salinity tolerance range of copepods for 5 minutes and 24 hours 

Site Tolerance range (5 
minutes)/ppt 

Tolerance range (24 hours) 
/ppt 

Tisbe copepods 10-35 15-35 
Pasir Ris Mangrove 15-30 15-25 

St John’s Island 20-35 20-30 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Figure 2: Tolerance Range of three types of copepods 
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The higher tolerance span of the Tisbe copepods can be accounted for by the fact that they are 
copepods that have been cultured in the laboratory for six months. Hence they have adapted to 
laboratory conditions, and are able to survive better after being cultured. In contrast, the 
copepods from Pasir Ris Mangrove and St John’s Island were freshly caught and left to 
monoculture and left to adapt to laboratory conditions for only one week before experimentation, 
and hence their death can be partly attributed to the shock caused by the change in environment. 
Also, the lower tolerance of the mangrove copepods tells us that the salinity fluctuations in the 
mangrove environment may not be as great as we originally thought. 

The control salinities of 28 ppt, 22.8 ppt and 27 ppt for the Tisbe, mangrove and St. John’s 
copepods respectively are close to the middle of the calculated tolerance ranges – 25 ppt, 20 ppt 
and 25 ppt of the various groups of copepods, which confirmed our hypothesis that the 
copepods’ salinity tolerance range corresponds to the natural salinity in their habitat.  
  
As we can see, the tolerance range of the three different types of copepods at both 5 minutes and 
24 hours are the same as those determined by the Chi-squared Test. An abnormality can be seen 
for Tisbe copepods, at 40ppt where there are more alive copepods after 24 hours, than after 5 
minutes. Since the salinity is extremely high, the copepods might have experienced a salinity 
shock and thus went into temporary immobility. However, they may have recovered from the 
shock afterwards and hence recorded as alive after 24 hours. 

Determining the impact of location on the survivability of copepods 

It can be shown that at 5 minutes, there is a significant difference in mortality rates between the 
copepods from different environments at 10 ppt, 15 ppt, and 35 ppt. (Table 3) Based on the 
individual p values of each different type of copepod calculated  above (Tables 1.1, 1.2 and 1.3), 
we can see that the copepods from St. John’s have a significantly lower tolerance to lower 
salinities (10 and 15 ppt) while the mangrove copepods have a lower tolerance to higher 
salinities (35 ppt)  as compared to the other two groups of copepods respectively. 

At 24 hours, there is a significant difference in mortality rates between the copepods from 
different environments at 10 ppt, 15 ppt, and 35 ppt. (Table 4) Based on the individual p values 
of each different type of copepod calculated  above (Tables 1.1, 1.2 and 1.3), we can see that all 
copepods have a significantly low tolerance to lower salinities (5, 10 and 15 ppt) while the 
mangrove copepods have a significantly lower tolerance to higher salinities (30 and 35 ppt) as 
compared to the other two groups of copepods. 
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Table 3: Comparison of survivability between copepods sampled at three different locations, at 5 
minutes (salinities in bold have a significant difference rate) 
 

Comparison between 
Tisbe, Mangrove and 
St John's (5 minutes)    

Salinity Chi-square
Significance 

Level
0  0 p = 1.000
5  3.055 p = 0.217

10  7.917 p = 0.019
15  13.333 p = 0.001
20  2.034 p = 0.362
25  2.034 p = 0.362
30  4.138 p = 0.126
35  28.937 p < 0.001
40  2.034 p = 0.362

 
Table 4: Comparison between three types of copepods, at 24 hours (salinities in bold have a 
significant difference rate) 
 

Comparison between 
Tisbe, Mangrove and 
St John's (24 hours)     

Salinity Chi-square
Degree of 
Freedom

Significance 
Level

0 0 2  p = 1.000 
5 6.316 2  p = 0.043 

10 21.244 2 p < 0.001 
15 6.307 2 p = 0.043 
20 1.294 2 p = 0.524 
25 3.055 2 p = 0.217 
30 21.099 2 p < 0.001 
35 39.562 2 p < 0.001 
40 4.138 2 p = 0.126 

 
As hypothesized, copepods from different locations will have different abilities to tolerate 
salinity changes. Our results show further that the copepods from St John’s are more capable of 
withstanding high salinities whereas those from the mangrove survive better in lower salinities, 
both in the short term and long term. This can be attributed to the influence of their individual 
environments which differ in salinity. The waters of Pasir Ris Mangrove are 19 ppt in salinity, 
while the waters of St John’s Island are 24 ppt. As such, even though the copepods from both 
locations have been shown to have the same tolerance span of 15 ppt at 5 minutes and 10 ppt at 
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24 hours, copepods found from lower salinity water are more capable of tolerating lower salinity 
water and vice versa. Thus, this can be taken into consideration when trying to deal with the 
problem of freshwater release as different groups of copepods will be affected to different 
extents.  
 
Determining the impact of duration on the survivability of copepods 

As shown in previous results, the salinity threshold also differs between the 5 minute and 24 
hour interval. (Table 2) Thus, the duration in which copepods are immersed in water of certain 
salinities affects their mortality. Lab-cultured Tisbe copepods show that immersion after 5 
minutes show a near significant decrease in mortality (Table 3). Results also show that further 
immersion from the 5 minute interval up till 24 hour duration results an insignificant decrease in 
mortality. (Table 5) 

Copepods originating from the Pasir Ris Mangrove Swamp as well as St John’s Island show a 
significant decrease in mortality after 5 minutes. Further immersion from the 5 minute interval 
up till 24 hour duration also results in a significantly further decrease in mortality. (Table 5) 

Table 5: P-values of Wilcoxon test for paired samples for Tisbe, Paris Ris Mangrove and St. John’s 
copepods 

 t = 0 vs t = 5min t = 5min vs t = 24h 
Z p Z p 

Tisbe 1.88776 0.0625 1.80708 0.09375 
Mangrove 2.10819 0.03125 2.03565 0.04688 
St. John’s Island 2.46564 0.00781 1.8964 0.0625 

 
Consequently, we can conclude that for copepods originating from Pasir Ris Mangrove Swamp 
and St. John’s Island, the duration of immersion into water of certain salinities during acute 
toxicity testing affects the mortality. The longer the copepod is immersed, the greater the risk of 
mortality. Furthermore, copepods that survive short term effect of acute toxicity testing may not 
survive the long term effect. 
 
However, Tisbe copepods prove to be more resilient to both short term and prolonged immersion 
during acute toxicity testing. 
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Observation of Copepods from Nauplius to Adult Stage 
 
The graphs below show the development of copepods from nauplius to adult stage over an 
approximate two week course, in different salinities. 
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Copepod development at 20 ppt
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Figure 3.2: Copepod development at 20ppt 

Figure 3.1: Copepod development at 15 ppt 
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Copepod development at 30 ppt
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Copepod development at 25 ppt
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Figure 3.3: Copepod development at 25 ppt 

Figure 3.4: Copepod development at 30 ppt 
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Copepod development at 35 ppt
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Copepod development at Control
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Figure 3.5: Copepod development at 35ppt 

Figure 3.6: Copepod development at control (28ppt) 
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From our preliminary investigations, we analyzed that the Tisbe copepods reached adult stage the 
fastest in 15 ppt and 20 ppt water. This may be due to the difference in salinity from its natural 
environment which contributes to an environmental pressure that speeds up the maturing process 
of the nauplii in order to help it gain an advantage in an unfavourable environment, whereas the 
nauplii developing in a favourable salinity will mature at a slower rate without any 
environmental pressures. Possibly, the adult stage of the copepod s has better osmoregulating 
mechanisms compared to the nauplius and copepodite stage. 
 
Application 

Due to a lack of freshwater resources, Singapore has been damming up all major freshwater 
rivers to increase its self-sustainability. This results in a sharp change in salinity at the river 
mouth when the dams open to release freshwater into the river mouth. A prime example would 
be the operation of the Marina Barrage. The Marine Barrage operates at the Singapore River to 
collect water for human use. During heavy rain, the dams are activated to prevent flooding of 
surrounding land. When this happens, the excess water is released into the sea (during low tide) 
or pumped out with giant pumpts (during high tide). Consequently, rainwater in addition to 
freshwater from inside the reservoir is released, causing salinity of the mouth of the river to 
decrease sharply.  

Data obtained from the Public Utility Board (PUB) shows that freshwater in the reservoir is 
about 0.1 – 0.2 ppt.  The release of a large volume of such water will cause an acute change in 
the salinity of the seawater. This will result in the copepods in local water, which can only 
tolerate a salinity deviation of 10 – 15 ppt from natural conditions. Acute salinity change outside 
their tolerance range may cause decimation of copepods. Since copepods constitute the largest 
biomass in the marine environment – and thus, a fundamental step in the trophodynamics of the 
ocean – this will have an impact on the other marine trophic levels. 

This means that there is a need to strike a balance between Singapore’s effort to increase its self-
sustainability and its impact on the marine health of the ocean. Checks from the Public Utility 
Board shows that there is no regular tracking of the salinity level at the mouth of the river and 
hence no information is available to see whether the salinity change is significant and of concern. 
Therefore, we propose that PUB installs measuring devices to record the salinity level of the 
mouth of the river regularly and if the salinity change is indeed too sudden and large, a possible 
consideration is to increase the frequency of releasing freshwater into the river so that the release 
each time will not cause such an acute change in salinity.  

Conclusion 
 
In summary, our results show that the copepods have a 10-15  ppt salinity tolerance span which 
revolves around the salinity conditions in their natural habitat. While salinity shock caused by 
salinity change has an impact on the copepods, it is shown that salinity shock also exerts a 
gradual effect on the copepods over time, with copepods that are unable to adapt to the change 
dying off, as exemplified by how more copepods are incapable of surviving long term exposure 
to salinities differing from their natural salinity. The environment in which the copepods are 
found also plays a role in determining their salinity tolerance range, as evident from the different 
tolerance ranges the copepods from different locations have. Thus, our results suggest that local 
populations of copepods may be adversely affected by large amounts of freshwater release at the 
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mouth of dams, and that long term changes in salinity of the water may cause an increased 
mortality rate among copepod populations. With that in mind, we hope to propose to PUB 
measures to track the salinity changes at areas where there is sizable freshwater release and 
possibly decrease the volume of freshwater and rainwater released each time so as to maintain 
the salinity of the water surrounding the dam and prevent any damage done to the local marine 
ecosystem. 
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Appendix A  

Results of Acute Toxicity Testing of Tisbe copepods originating from mouth of Pandan 
River 

Replicate 1  pH  Temperature 
 

Number of 
copepods 
alive at 5 
mins

Number of 
copepods 
alive at 24 
hours

Salinity 
after 24 
hours 

pH after 
24 hours 

Temperature
After 24 
hours 

0 ppt  5.2  20.8 5 dead 5 dead 0.4 6  20.8
5 ppt  7.8  20.5 5 dead 5 dead 6.7 7.3  21.0
10 ppt  7.8  20.7 5 dead 5 dead 10.8 7.4  21.1
15 ppt  8.3  20.7 5 alive 5 dead 15.6 7.6  20.8
20 ppt  8.3  20.8 5 alive 1 alive 4 dead 20.8 7.8  20.8
25 ppt  8.4  20.8 5 alive 5 alive 25.2 7.8  20.8
30 ppt  8.3  21.1 5 alive 5 alive 30.4 7.9  20.8
35 ppt  8.2  20.9 3 alive 2 dead 3 alive 2 dead 34.8 7.8  20.8
40 ppt  8.1  21.1 5 dead 5 dead 38.8 7.8  20.8
Control (28 
ppt) 

8.4  21.5 5 alive 4 alive 1 dead 28.1 7.8  20.9

 

Replicate 2  pH  Temperature 
 

Number of 
copepods 
alive at 5 
mins

Number of 
copepods 
alive at 24 
hours

Salinity 
after 24 
hours 

pH after 
24 hours 

Temperature
After 24 
hours 

0 ppt  5.2  20.6 5 dead 5 dead 0.4 6  21.1
5 ppt  7.8  20.8 5 dead 5 dead 5.7 7.3  20.7
10 ppt  7.8  21.1 4 dead 1 alive 5 dead 10.6 7.4  20.8
15 ppt  8.3  20.8 5 alive 5 alive 15.6 7.6  20.7
20 ppt  8.3  20.8 5 alive 4 alive 1 dead 20.3 7.8  20.6
25 ppt  8.4  20.5 5 alive 5 alive 25.1 7.8  20.7
30 ppt  8.3  20.3 5 alive 5 alive 30.4 7.9  21.1
35 ppt  8.2  20.3 2 dead 3 alive 4 alive 1 dead 34.8 7.8  20.9
40 ppt  8.1  20.8 4 dead 1 alive 5 dead 38.7 7.8  20.9
Control (28 
ppt) 

8.4  21.1 5 alive 6 dead?! 28.2 7.8  20.9
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Replicate 3  pH  Temperature 

 
Number of 
copepods 
alive at 5 
mins

Number of 
copepods 
alive at 24 
hours

Salinity 
after 24 
hours 

pH after 
24 hours 

Temperature
After 24 
hours 

0 ppt  5.2  20.7 5 dead 5 dead 0.4 6  21.1
5 ppt  7.8  20.3 5 dead 5 dead 5.5 7.3  20.7
10 ppt  7.8  20.2 4 alive, 1 

dead
4 alive 1 dead 10.4 7.4  20.7

15 ppt  8.3  20.1 5 alive 4 alive 1 dead 15.2 7.6  20.7
20 ppt  8.3  20.3 5 alive 5 alive 20.4 7.8  20.6
25 ppt  8.4  19.8 5 alive 5 alive 25.1 7.8  20.8
30 ppt  8.3  20.8 5 alive 4 alive 1 dead 30.4 7.9  21.1
35 ppt  8.2  20.8 4 alive 1 dead 5 alive 34.8 7.8  21.1
40 ppt  8.1  20.6 5 dead 1 alive 4 dead 38.7 7.8  21.0
Control (28 
ppt) 

8.4  20.5 5 alive 4 alive 1 dead 28.1 7.8  21.0

 

Replicate 4  pH  Temperature 
 

Number of 
copepods 
alive at 5 
mins

Number of 
copepods 
alive at 24 
hours

Salinity 
after 24 
hours 

pH after 
24 hours 

Temperature
After 24 
hours 

0 ppt  5.2  20.1 5 dead 5 dead 1.8 6  21.4
5 ppt  7.8  20.3 2 alive 3 dead 5 dead 6.2 7.3  20.7
10 ppt  7.8  20.3 1 alive 4 dead 3 alive 2 dead 10..8 7.4  20.7
15 ppt  8.3  20.3 5 alive 4 alive 1 dead 15.1 7.6  20.7
20 ppt  8.3  20.1 5 alive 2 alive 3 dead 20.4 7.8  20.7
25 ppt  8.4  20.0 5 alive 5 alive 24.9 7.8  20.7
30 ppt  8.3  20.7 5 alive 5 alive 30.4 7.9  21.1
35 ppt  8.2  20.5 4 alive 1 dead 5 alive 32.8 7.8  21.1
40 ppt  8.1  20.2 1 alive 4 dead 6 dead 38.8 7.8  21.0
Control (28 
ppt) 

8.4  20.3 5 alive 5 alive 27.9 7.8  21.0
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Appendix B 

Results of Acute Toxicity Testing of copepods originating from St. John’s Island 

 

 

Replicate 1 pH  Temperature 
 

Number of 
copepods 
alive at 5 
mins

Number of 
copepods 
alive at 24 
hours

Salinity 
after 24 
hours 

pH after 
24 hours 

Temperature
After 24 
hours 

0 ppt  5.1  21.2  5 dead 5 dead 1.6 6.5  21.5
5 ppt  7.4  23.1  5 dead 5 dead 5.9 6.9  21.4
10 ppt  7.7  22.9  5 dead 5 dead 11.0 7.3  21.2
15 ppt  7.8  22.7  5 alive 

(barely)
4 alive 1 dead 15.3 7.6  21.2

20 ppt  8.1  22.7  5 alive 5 alive 20.3 7.7  21.5
25 ppt  8.2  22.9  5 alive 5 alive 25.2 7.8  21.5
30 ppt  8.3  22.9  5 alive 5 alive 30.1 7.8  21.4
35 ppt  8.0  22.9  4 alive 1 dead 5 dead 35.1 7.4  21.2
40 ppt  8.1  22.4  5 dead 5 dead 39.4 7.5  21.1
Control (27 
ppt) 

8.1  22.7  5 alive  5 alive 27.1 7.8  21.5

Replicate 2 pH  Temperature 
 

Number of 
copepods 
alive at 5 
mins

Number of 
copepods 
alive at 24 
hours

Salinity 
after 24 
hours 

pH after 
24 hours 

Temperature
After 24 
hours 

0 ppt  5.1  21.2  5 dead 5 dead 1.1 6.1  21.5
5 ppt  7.4  23.1  5 dead 5 dead 5.8 7.0  21.4
10 ppt  7.7  22.9  5 dead 5 dead 9.6 7.3  21.2
15 ppt  7.8  22.7  2 alive 3 dead 5 dead 14.0 7.2  21.1
20 ppt  8.1  22.7  5 alive 4 alive 1 dead 20.2 7.7  21.5
25 ppt  8.2  22.9  5 alive 4 alive 1 dead 25.2 7.8  21.4
30 ppt  8.3  22.9  5 alive 4 alive 1 dead 30.1 7.8  21.4
35 ppt  8.0  22.9  5 alive 5 dead 35.1 7.5  21.2
40 ppt  8.1  22.4  5 dead 5 dead 40.6 7.5  21.1
Control (27 
ppt) 

8.1  22.7  5 alive 5 alive 28.6 7.8  21.4
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Replicate 3 pH  Temperature 
 

Number of 
copepods 
alive at 5 
mins

Number of 
copepods 
alive at 24 
hours

Salinity 
after 24 
hours 

pH after 
24 hours 

Temperature
After 24 
hours 

0 ppt  5.1  21.2  5 dead 5 dead 0.9 6.5  22.3
5 ppt  7.4  23.1  5 dead 5 dead 5.5 6.8  22.3
10 ppt  7.7  22.9  4 alive 1 dead 5 dead 10.9 7.1  21.7
15 ppt  7.8  22.7  4 alive 1 dead 3 alive 2 dead 15.5 7.5  21.5
20 ppt  8.1  22.7  4 alive 1 dead 5 alive 20.4 7.4  22.1
25 ppt  8.2  22.9  4 alive 1 dead 4 alive 1 dead 25.6 7.8  22.7
30 ppt  8.3  22.9  5 alive 4 alive 1 dead 31.1 7.8  22.1
35 ppt  8.0  22.9  3 alive 2 dead 5 dead 36.5 7.5  22.2
40 ppt  8.1  22.4  5 dead 5 dead 42.2 7.5  22.0
Control (27 
ppt) 

8.1  22.7  5 alive 5 alive 27.9 7.8  22.4

Replicate 4 pH  Temperature 
 

Number of 
copepods 
alive at 5 
mins

Number of 
copepods 
alive at 24 
hours

Salinity 
after 24 
hours 

pH after 
24 hours 

Temperature
After 24 
hours 

0 ppt  5.1  21.2  5 dead 5 dead 1.4 6.2  22.3
5 ppt  7.4  23.1  5 dead 5 dead 6.0 7.0  22.0
10 ppt  7.7  22.9  3 alive 2 dead 5 dead 10.3 7.3  22.0
15 ppt  7.8  22.7  3 alive 2 dead 4 alive 1 dead 15.4 7.5  22.0
20 ppt  8.1  22.7  5 alive 5 alive 20.3 7.8  22.2
25 ppt  8.2  22.9  5 alive 5 alive 25. 7.8  22.0
30 ppt  8.3  22.9  5 alive 4 alive 1 dead 31.1 7.9  21.9
35 ppt  8.0  22.9  5 alive 5 dead 36.4 7.5  21.8
40 ppt 8.1 22.4 5 dead 5 dead 42.4 7.5 21.8 
Control (27 
ppt) 

8.1 22.7 5 alive 5 alive 28.0 7.8 22.3 
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Appendix C 

Results of Acute Toxicity Testing of copepods originating from Pasir Ris Mangrove Swamp 

Replicate 1 pH Temperature 
 

Number of 
copepods 
alive at 5 
mins 

Number of 
copepods 
alive at 24 
hours 

Salinity 
after 24 
hours 

pH after 
24 hours 

Temperature
After 24 
hours 

0 ppt 5.1 21.5 5 dead 5 dead 1.6 6.3 22.3 
5 ppt 8.4 21.6 5 dead 5 dead 5.7 7.2 22.7 
10 ppt 8.7 21.5 4 alive 1 dead 1 alive 4 dead 10.5 7.6 22.9 
15 ppt 8.6 21.6 5 alive 5 alive 15.3 7.8 22.7 
20 ppt 8.6 21.6 5 alive 4 alive 1 dead 20.1 8.0 22.7 
25 ppt 8.5 21.5 5 alive 4 alive 1 dead 25.0 6.6 23.6 
30 ppt 8.5 21.8 5 alive 4 dead 1 alive 29.1 8.1 24.6 
35 ppt 8.4 21.6 5 dead 4 dead 1 alive 34.3 7.6 23.4 
40 ppt 8.3 21.6 5 dead 5 dead 38.0 7.8 23.1 
Control (22.8 
ppt) 

8.5 21.5 5 alive 5 alive 22.7 7.5 22.7 

 

Replicate 2 pH Temperature 
 

Number of 
copepods 
alive at 5 
mins 

Number of 
copepods 
alive at 24 
hours 

Salinity 
after 24 
hours 

pH after 
24 hours 

Temperature
After 24 
hours 

0 ppt 5.1 21.5 5 dead 5 dead 1.4 6.3 22.2 
5 ppt 8.4 21.6 2 alive 3 dead 2 alive 3 dead 6.0 7.5 22.7 
10 ppt 8.7 21.5 4 alive 1 dead 4 alive 1 dead 10.4 7.8 22.3 
15 ppt 8.6 21.6 5 alive 3 alive 2 dead 15.2 8.1 22.7 
20 ppt 8.6 21.6 5 alive 4 alive 1 dead 20 9.2 22.7 
25 ppt 8.5 21.5 5 alive 5 alive 24.9 8.1 22.3 
30 ppt 8.5 21.8 4 alive 1 dead 5 dead 29.2 7.9 22.5 
35 ppt 8.4 21.6 4 dead 1 alive 5 dead 34.2 8.7 22.5 
40 ppt 8.3 21.6 5 dead 5 dead 38.5 8.2 22.6 
Control (22.8 
ppt) 

8.5 21.5 5 alive 3 alive 2 dead 22.8 8.0 22.7 
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Replicate 3 pH Temperature 

 
Number of 
copepods 
alive at 5 
mins 

Number of 
copepods 
alive at 24 
hours 

Salinity 
after 24 
hours 

pH after 
24 hours 

Temperature
After 24 
hours 

0 ppt 5.1 21.5 5 dead 5 dead 0.8 6.1 22.2 
5 ppt 8.4 21.6 5 dead 5 dead 5.5 7.2 22.3 
10 ppt 8.7 21.5 3 alive 2 dead 3 alive 2 dead 10.5 7.5 22.5 
15 ppt 8.6 21.6 5 alive 3 alive 2 dead 15.2 7.9 22.7 
20 ppt 8.6 21.6 5 alive 5 alive 20.2 7.9 22.5 
25 ppt 8.5 21.5 5 alive 4 alive 1 dead 25.1 7.6 22.5 
30 ppt 8.5 21.8 5 alive 2 alive 3 dead 29.8 7.8 22.5 
35 ppt 8.4 21.6 1 alive 4 dead 5 dead 34.3 7.9 22.6 
40 ppt 8.3 21.6 5 dead 5 dead 38.7 7.9 22.6 
Control (22.8 
ppt)  

8.5 21.5 5 alive 1 alive 22.7 7.6 22.3 

 

Replicate 4 pH Temperature 
 

Number of 
copepods 
alive at 5 
mins 

Number of 
copepods 
alive at 24 
hours 

Salinity 
after 24 
hours 

pH after 
24 hours 

Temperature
After 24 
hours 

0 ppt 5.1 21.5 5 dead 5 dead 0.6 6.1 22.5 
5 ppt 8.4 21.6 5 dead 1 alive 4 dead 5.5 7.0 22.5 
10 ppt 8.7 21.5 3 alive 2 dead 5 dead 10.4 7.3 22.5 
15 ppt 8.6 21.6 5 alive 4 alive 1 dead 15.6 7.2 22.6 
20 ppt 8.6 21.6 5 alive 4 alive 1 dead 20.2 7.8 22.6 
25 ppt 8.5 21.5 5 alive 4 alive 1 dead 25.0 7.5 22.6 
30 ppt 8.5 21.8 4 alive 1 dead 2 alive 3 dead 29.7 7.6 22.7 
35 ppt 8.4 21.6 5 dead 5 dead 34.5 7.7 22.7 
40 ppt 8.3 21.6 5 dead 5 dead 38.4 7.8 22.7 
Control (22.8 
ppt) 

8.5 21.5 5 alive 5 alive 22.4 7.4 22.5 

 

 
 


