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Abstract 

Seagrass communities are highly productive and serve as habitats and nursery grounds 
for many marine animals. They also act as substrate stabilizers and are a major food 
source for several grazing animals such as the Dugong dugonand Cheloniamydas. 
Despite this, there has been a widespread loss of seagrass meadows, mostly due to 
human activity. Singapore is home to various species of seagrasses, of which several are 
threatened. In view of the integral role they play in the ecosystem, it is vital that their 
conservation status is improved. 

In this project, we explore the relationship between turbidity and water flow rate with 
respect to the rate of Halophilaovalis development. In-situ investigations were carried 
out at Changi Beach, where seagrass growth density, turbidity and water flow rate 
values were taken. Readings were taken along transects, which were divided into 
distinct quadrats. Randomized sampling was then carried out at various quadrats. Ex-
situ investigations were also carried out, involving the relationship of water flow rate 
and turbidity. It is hoped that our research findings will be used to aid in the 
conservation and rehabilitation efforts of seagrasses, in particular, those that are 
critically threatened and require urgent attention. 

(197 words) 

Introduction 

Situated at the bottom of the food web, the importance of seagrass in a marine 
ecosystem is often undermined. They serve as feeding habitats and nursery grounds for 
many marine animals like the Dugong dugon and also as indicators of the ecosystem 
health.  

However, it is noted that little research on seagrasses has been done in Singapore, which 
is home to twelve species of seagrasses. All seagrass species are listed as being 
threatened in Singapore. This is mostly due of the degradation of their natural 
environment by human impact, pollution and shipping. Reclamation of land around the 
southern and north-eastern coasts of Singapore and the porting industry has greatly 
decreased its numbers (Chou and Goh, 1998).Therefore management of seagrass beds 
needs to be revised to reduce further damage to them. 

Studies were done to investigate the abiotic factors that affect the growth of seagrass in 
its natural habitat and in the laboratory. In particular, the effects of hydrodynamics were 
studied in depth as it is known to deeply affect the growth and primary production rate 
of seagrasses, since it makes up the direct environment that the seagrass meadows 
interacts with (Fonseca et al. 1982 &1983) Stronger wave movement facilitates a 
greater diffusion influx of nutrients and gaseous exchange between the water and the 
leaves due to the decreasing thickness of the diffusive boundary layer on the leaf 
surface; this leads to increased development of the seagrass beds. 

On the other hand, it is hypothesized that when the increase in water motion and 
velocity crosses a certain threshold, growth of seagrass will experience a decline as the 
current speed is too fast to allow effective diffusion of gases and nutrients across the 
leaf surface. (Larkum, A.W.et al, 2006) More sediment would be carried afloat in the 
water, leading to increased cases of turbidity that ultimately affects the photosynthetic 



rate of these seagrasses as sunlight is blocked by these sediments in the water. Therefore 
we once again hypothesized that increased turbidity due to increased water velocity 
shall also affect the growth of these seagrass, we intend to target these objectives in our 
experiments.  

H. ovalis was chosen as the object of study as its distribution is more abundant and 
easily obtainable in Singapore compared to other more vulnerable species of seagrass 
(Larkumet al. 2006)Moreover, it is easy to grow in ex-situ conditions or conditions 
outside its natural environment (Bujang and Lim and Harah, 2008), being able to 
survive in low sunlight conditions. Seagrass samples were taken from two intertidal 
beds at Changi beach, (1°23'36.41"N 103°59'12.92"E) and (1°22'32.18"N 104° 
0'21.73"E) respectively. Quadrat sampling (n=8) was conducted at each of the locations 
and biomass samples (n=3) were taken at random sites in the two locations. Plant 
morphology was also sampled for the biomass samples and while in-situ. Several H. 
ovalis specimens were also taken and transplanted into tanks for long term ex-situ 
observation in the laboratory, where they were exposed to various ranges of water 
velocity to study the effects of solely hydrodynamics on seagrass development and 
turbidity. 

 

Methodology 

Study Site. 

Study was conducted within 2 intertidal seagrass beds atChangi Beach Carpark 1 
(1°23'36.41"N 103°59'12.92"E) and Carpark 7 (1°22'32.18"N 104° 0'21.73"E). Both 
sides are located at the north-eastern point of Singapore. Tides are semidiurnal; with a 
mean tidal range of about 1.77 m. The mean water depth at both seagrass sites varied 
from 2.3 to 2.6 m at high tide.  

 
Figure 1 ‐ Satellite image of the study sites 



 

In-situ: Transect surveys 

 

Figure 2 ‐ The quadrat that was used for in‐situ work 

The area of the seagrass field at both locations were determined by walking around the 
edges of the largest H. ovalis patch found at the two locations using Global Positioning 
System (GPS). 8 different random sample areas were determined within the seagrass 
patch using a random number table and quadrat sampling was conducted at these sites. 
A 1m × 1m quadrat with 25 sub-sections was used. 

A tagged photo of the quadrat was taken along with the GPS location. The percentage 
cover of the seagrass on every 1m2 quadrat location was then derived by using official 
seagrasspercent cover standards. Each of the 25 sub-sections of the quadrat was 
estimated to be 4%. Following that, a 20cm × 20cm section of seagrass was removed 
from 3 of the 8 quadrat samples at both of the two seagrass beds for comparison 
analysis. This was done by digging down into the soil of the selected area to a depth of 
10 cm using a hand shovel and removing all the contents including the soil for further 
analysis. 
 
Plant matter was removed from the soil and rinsed thoroughly to remove sedimentation. 
The plant morphology of every sample was recorded. This entailed the root and rhizome 
lengths. Subsequently, underground biomass and above ground biomass were separated. 
The plant samples were then freeze-dried and then weighed to derive the respective 
biomass values. 
 
Precautions: Booties were worn at all times to ensure safety during in-situ 
experimentation. 



Ex-Situ experiment

 

Figure 3 ‐ Illustration of the top view of the experimental setup 

Tank experiments were done to find out the specific effect of water velocities on 
seagrass growth rate and turbidity. We compared the growth variation between the 
shoots in the 5 tanks to determine the optimum range of water velocity that is beneficial 
for seagrass growth and also the threshold range of water velocity that seagrass can 
survive in before it experiences a large drop in growth numbers. 

Halophilaovalis were collected from Changi Beach Carpark 1 and Carpark 7 at low 
tide. The samples were then transplanted into the 5 separate tanks. Each tank was 
transplanted with three shoots. Seawater was collected from Changi Beach and West 
Coast Park. Seagrass was transplanted onto sand substrate.  A rigid plastic sheet was 
used to section the tank into 3 distinct plots for an individual rhizome. This was done to 
prevent overlap of the 3 rhizomes, which would have rendered our findings inaccurate. 
Salinity was maintained throughout the experiment at 23 ppt. 

The seagrass were not interfered with for 2 days to for acclimatization. Mechanical 
wavemakers were then set up in the tanks at the respective speeds in the 5 tanks: 0 m/s, 
0.28 m/s, 0.34 m/s, 0.39 m/s and 0.45 m/s. The 0m/s tank was to act as a control tank 
and also as a comparison to the rest of the tanks with running wave velocities in them. 
The leaf on the two extreme ends of each sample was cut along its breadth. Doing so 
would aid in the identification of any new growth from the initial date after a period of 
time. Leaf death and growth rates were ascertained. Turbidity values were taken once a 
week. 

After the experiment, the total plant growth rate (new leaves and rate of leaf death) per 
tank was counted and the rhizome length was measured for the surviving plants. The 

HO‐ Halophilaovalis 



rhizome length was compared with the rhizome length at the beginning of the 
experiment. 

In-situ Results& Analysis 

Relation between Turbidity and Water Flow Rate 

 Carpark 1 Carpark 7 

Turbidity 
(Nephelometric 
Turbidity 
Units,NTU) 

155.2 >200 

Speed of Wave 
(m/s) 

0.125 0.077 

Table 1 ‐ The measured turbidity and wave speed at Changi Beach Carpark 1 and 7  

An AddestationTM turbidity sensor was used to measure the turbidity of the water within 
a range of 0-200NTU. At Carpark 1, the wave speed was 0.125m/s and the turbidity was 
155.2 NTU. At Carpark 7, the wave speed was 0.077m/s. However, the turbidity at 
Carpark 7 was too high to be measured by the turbidity sensor, as the turbidity value 
there was greater than 200NTU.  

This is contradictory to findings we found in past research, theoretically, a higher wave 
speed causes higher turbidity in the water. It is generally agreed (Dyer, 1986; Lindsayet 
al., 1996; Lyons, 1997; Morris and Howarth, 1998) that increased water current flow 
increases the resuspension of sediments due to the ‘increased shear stress placed on the 
bed.’ (Webster and Lemckert, 2002). 

In this case, the increased speed of the waves does not appear to affect the turbidity of 
the water in the manner described by theory. The water from the location with the 
slower waves is less turbid than the water from the location with the faster waves. 

However, other factors also play important roles in determining the amount of sediment 
resuspension. The sand at Carpark 1 was mostly composed of clayey or coarse sand. 
The sand at Carpark 7 was sandy loam soil. This would mean that less sediment is 
resuspended at Carpark 1 than at Carpark 7. 

Carpark 7 is also located near Changi Ferry Terminal. This means that there would be 
significantly more traffic in that area, than at Carpark 1. This traffic may also account 
for the increased turbidity. 

Another possible cause for this anomaly would be the varying presence of seagrass in 
the two areas. There is a wide variety of seagrass that have established themselves in the 
two regions. It was noted that the seagrass patch near Carpark 1 was denser than that 
near Carpark 7. The roots of the seagrass patches may reduce sand erosion and may thus 
cause the water to be less turbid in an area with lesser seagrass. 

 

 



 

 

Relation between water flow and turbidity and seagrass development 

 

Estimated Percentage Cover (%) 

Quadrat 
Number 

Carpark 1 Carpark 7

1 10.75 78.00

2 63.50 57.25

3 52.50 60.50

4 31.00 60.25

5 41.00 47.25

6 28.00 51.00

7 10.25 54.25

8 46.00  62.75

Table 2 ‐ The estimated percentage covers of the samples taken at Changi Beach Carpark 1 and 7 
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higher wave speeds. This may not be the case. Figures 4 and 5 only take the overall 
population of the seagrass in both locations into account. However, they do not assess 
the general health of individual H.ovalis. Other species of seagrass were present at 
Carpark 7, such as Halophilaspinulosa. This means that there is interspecific 
competition for space, which would limit the density of H.ovalis. However, at Carpark 
1, the area is generally dominated by H.ovalis.  
 

Carpark 1 was shown to have higher seagrass development than that of Carpark 7. This 
may be due to differing responses of individual plants to water motion based on their 
fitness and adaptations to the abiotic factors. Otherwise, the number of quadrats 
sampled may not have been sufficient to accurately quantify the mean density per unit 
area of the entire population of seagrass.  

This does not contradict our hypothesis.The seagrass bed at Carpark 7 experiences 
moderate hydrodynamics that allow sufficient wave attenuation within the leaf canopy 
for the seagrass to flourish.At the same time, the excessive wave attenuation brought 
about by stronger waves in Carpark 1 is detrimental to the seagrass development. 
Destruction such as partial loss of seagrass is caused due to the additional stress on the 
seagrass brought about the high wave energy.  

Hydrodynamics also affect the density variation of the seagrass bed at the sites; there 
was only a narrow range of seagrass densities observed the exposed site compared to a 
much wider variation of seagrass densities at the sheltered site. This may be because the 
high disturbance caused by the stronger waves allow only for seagrass of the best fitness 
to develop well. Weaker seagrass shoots could be uprooted from the seagrass bed.Also, 
competition for resources (i.e. nutrients and sunlight) between the seagrass is high and 
overcrowding leads to high mortality rates as well. 

 

 

Figure 6 ‐ Graph detailing the difference in leaf length between the seagrass in the two locations 
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Figure 7 ‐ Graph detailing the difference in root length between seagrass in the two locations 

 

Figure 8 ‐ Graph detailing the difference in internode length between seagrass in the two locations 

The plant characteristics (Figures 6,7 and 8) show that seagrass grows better in Carpark 
7, which has moderate wave energy.  The main reason for this is that extremely strong 
waves act as a huge disturbance to the seagrass growth. Seagrass obtains essential 
nutrients such as carbon, nitrogen and phosphorus from the water column and the 
sediment porewater (Hemminga M et.al 2000). Diffusion of these nutrients take place 
across the diffusive boundary layer (DBL) of the H. ovalisleaf surface, while the 
thickness of the DBL in turn is affected by the intensity of wave motion. Nutrients can 
also be lost when the sediment porewater is swept away by strong waves. Hence 
development of seagrass can be seen through the growth of the leaves and root sections 
which are responsible for these nutrient uptakes. The various results obtained about the 
plant morphology from the two sites show that a site that does not have high wave 
energy is more favourable for seagrass growth.  
 
Moderate wave attenuation allows for an effective exchange of nutrients and gaseous 
exchange between the diffusive boundary layer of the leaves and its environment. The 
sediments are also relatively fine and rich in organic content since it is not continuously 
eroded away by intensive currents, more nutrients can also be absorbed by the H. 
ovalisroots by active transport. (Fonseca, 1996) Moderate hydrodynamics in the 
environment also helps the H. ovalisas the wave intensity is just right to keep the 
seagrass upright and flexible in the currents. At Carpark 1, on the other hand, greater 
soil erosion also occurs where nutrient concentrations drops within the soil when the 
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sediment porewateris washed away (Schanz and Asmus, 2003). The seagrass roots 
absorb fewer amounts of nutrients than required.Effective nutrient and gaseous 
exchange is also prevented across the DBL as water motion is too fast. 
 
The longer leaf length measured in the sheltered site (Carpark 7) also reveals the need 
for the seagrass bed to adapt its morphology to suit that of a more turbid environment in 
that location. The increase in the leaf surface area allows for more light has to be 
captured for photosynthesis of the seagrass in areas since sunlight is already limited due 
to the higher turbidity in the waters. It is possible that due to this, the overall biomass of 
the seagrass in Carpark 7 would be greater than that of the seagrass from Carpark 1. 
(See Figures 9 and 10) 

 

 

 

 

Figure 9 ‐ Comparison of the under‐ground biomass between the seagrass from 
the two locations 

 

Figure 10 Comparison of the above‐ground biomass between the seagrass from the 
two locations 



 

Ex-situ Results 

Wave 
Speed 
(m/s) 

Mean leaf 
length (initial) 

(cm)

Mean leaf 
length (final) 

(cm)

Change in 
mean leaf 

length (cm) 
0 2.53 0 -2.53 

0.29 2.61 1.21 -1.40 

0.34 2.26 0.78 -1.48 

0.39 2.43 0.91 -1.52 

0.45 2.48 0 -2.48 
Table 1 ‐ A table showing the initial, final and change in mean leaf lengths in the various tanks 

 

Wave Speed(m/s)  0.00  0.28  0.34  0.39  0.45 

Mean change in 
number of leaves 

‐2.33  0.50  1.00  1.00  ‐6.00 

Table 2 ‐ A table showing the mean change in leaf number in each tank 

 

Wave Speed (m/s) Average internode 
length (initial) (cm)

Average internode 
length (final) (cm)

Change in average 
internode length 

(cm)
0 2.2 0 -2.2

0.28 2.83 1.81 -1.02
0.34 1.96 0.88 -1.08
0.39 3.09 1.29 -1.80
0.45 2.8875 0 -2.89

Table 3 ‐ A table showing the initial, final and change in mean internode lengths in the various tanks 



 

Figure 11 ‐ Relationship between turbidity and water flow rate 

As the wave velocity values increase, a significant increase in wave velocity is no 
longer required to produce a large increase in turbidity values. This is witnessed in the 
near doubling of turbidity values from data point three to data point five, in which an 
increase of wave velocities from 0.34m/s to 0.45m/s corresponds to an increase of 13.2 
NTU from 12.2 NTU, to attain a value of 25.4 NTU. 

The above graph demonstrates the relationship between water speed and turbidity. It is 
evident from the graph that there is an increase of turbidity when wave velocity is 
increased. This is in accordance to prior research in this field. (Dyer, 1986; Lindsay et 
al., 1996; Lyons, 1997; Morris and Howarth, 1998) 

 

Figure 12 ‐ Change in mean leaf length against wave speed 
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Results from Figure 14 are similar to that of Figure 12 and 13. The three tanks with the 
intermediate wave speed values had leaf growth, exhibiting positive change in their 
numbers of leaves. Tanks with extreme wave speeds, however, had a net drop in leaves, 
having no leaf growth. 

  At 0m/s, algal growth on the sand is encouraged and this tends to cover the seagrass, 
limiting the amount of sunlight reaching them.This may have led to its deterioration. At 
0.45m/s, seagrass were torn out of their substrate due to the extremely fast wave action. 
However, at the intermediate wave speeds, the seagrass were not torn out of their 
substrate, and yet they prevented algae from settling on the substrate. So, the seagrass 
thrived in these optimal conditions 

  From the above three graphs, we have inferred that intermediate wave velocities of 
around 0.29 m/sand 0.39 m/sare favourable for seagrass growth. However, more 
extensive, scale up studies should be conducted in order to ensure results are replicable 
and reliable. 

Discussion 

As man continues to utilise more land to benefitindustrialization and society, the impact 
on beaches and Mother Nature consequentially worsens. Our research can be applied to 
locate optimal stretches of beach to introduce Halophilaovalisspecies for conservation 
purposes. Transplantation of H. ovalisto new areas with similar water velocities and 
turbidity values as stated favourable in our paper may help ensure fewer transplantation 
losses and better growth of the seagrass. 

Halophilaovalis has also been deemed as the pioneer seagrass species which 
helpsencourage the colonization of other species of seagrass in the new area as well 
(Nakaoka and Aioi, 1999). This is done by reducing soil erosion of the area and 
reducing the water velocity that passes through the seagrass canopy. Therefore, further 
research on this species can help all seagrass species in general to grow well in new 
areas. Potential future studies that can be done include investigating the resilience of 
Halophilaovalis habitats to low light conditions and the vertical depth range of the 
location effects on Halophilaovalis survival. 

However, other considerations apart from the abiotic factors should be taken into 
account during transplantation, such as human traffic and level of pollution, as these 
factors affect the growth of seagrass too. 
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