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1) Abstract 

  In an aquatic ecosystem, a complicated food web with many trophic levels presents. 

However, little is known about the interactions between different trophic levels within this 

food web and its response to different abiotic factors that control the whole community. In 

this study, these interactions and responses were tested by microbenthic organisms. The 

light intensity and presence of grazers were manipulated in an ecological pond at Cheung 

Chuk Shan College. The microbenthic organisms present in the ecological pond were more 

likely to be in clusters than to present independently in rod-shape. A few diatoms are also 

present in the ecological pond. The response of microbenthos suggested that the effect of 

light intensity offsets the effect of the presence of grazers on the population of microbenthic 

organisms, in which an increase in light intensity would lead to an increase in population of 

the microbenthic organisms and the presence of grazers would lead to a decrease in the 

population of the microbenthic organisms. In conclusion, both light intensity and the 

presence of grazers had a strong balancing effect on the microbenthic community. 

 

2) Objectives 

a) To identify the microbenthos inside the ecological pond of Cheung Chuk Shan College. 

b) To study the effects of light intensity and the presence of grazers on the population of 

microbenthic organisms. 

c) To anaylse which factor, light intensity or the presence of grazers, exert a stronger effect 

on the microbenthic population. 

 

3) Introduction 

 

3.1.  Background of benthic organisms 

  Benthic organisms (benthos) refer to organisms which live on the sedimentary 

environments of water. They can be grouped by their sizes. The largest type is known as the 

macrobenthos (with a body size greater than 0.5mm)[4], e.g. polychaete worms, bivalves, 

echinoderms, sea anemones, corals, sponges, sea squirts, turbellarians and the larger 

crustaceans such as crabs, lobsters and cumaceans. They are followed by the meiobenthos 

(with a body size between 0.062mm and 0.5mm)[4], e.g. nematodes, foraminiferans, water 

bears, gastrotriches and the smaller crustaceans such as copepods and ostracodes. The 

smallest type is the microbenthos (with a body size less than 0.062mm)[4], e.g. bacteria, 

diatoms, ciliates, amoeba, flagellates. In this study, the effects of light intensity and the 

presence of grazers on the population of microbenthos would be investigated only. 

  Life cycles of most of the microbenthos are simple. They will attach on the surface and live 

entire life there. Taking the life cycles of unicellular bacteria as an example, their live cycles 

begin with the binary fission of a parent cell and ends with the parent cell asexuallly splits 

into two daughter cells. While some of the microbenthos have a more complex life cycle. For 

example, the life cycle of some ciliates begins with the autogamy or isogamy of forming 

parent cells and ends with the gametes from the parent cells being fertilized to form zygotes. 

However, sexual reproduction of microbenthos is often triggered by unfavorable growing 

conditions. 

 

3.2. Factors affecting benthic organisms population  

a) Grazing effect 
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  A grazer is a herbivore that feeds on plants or multicellular organisms, e.g. algae.[5] They 

are also the food sources of a number of predators, e.g. fish. Grazers affect the biomass of 

benthic organisms and indirectly affect the food webs and nutrient cycles. Common grazers 

include macrobethos, e.g. sea urchins and sea cucumbers or some freshwater organisms, 

e.g. freshwater snails, freshwater shrimps and freshwater mayfly nymphs. 

 

b) Light intensity 

  Light intensity affects the biotic composition in the system. Light intensity in water affects 

the rate of photosynthesis carried out by photosynthetic organisms. Generally, a stronger 

light intensity would result in a higher population of such organisms.  

 

c) Others 

  Water current affects the biotic composition as strong water currents may wash the 

organisms away from the habitats and thus decreasing the species richness in a community. 

The speed of the water current determines the concentration of dissolved oxygen in water. 

Generally, the faster the current, the greater the concentration of dissolved oxygen in water.  

  Different types of substrates, such as sandy, muddy and hard substrates, have different 

grain sizes and thus different packing density of soil. Amount of space between the sediment 

grains also affects the amount of dissolved oxygen available to the organisms. The higher 

the concentration of dissolved oxygen, the larger the relative abundance of organisms. 

  Salinity and sea temperature also play important roles to the population of benthic 

organisms. Variations in salinity and changes in temperature lead to osmotic and thermal 

stresses that causes changes in basal metabolic rates that are important to the growth, 

reproduction and ultimate survival of organisms. 

  The amount of nitrates present in the water affects the number of bacteria and 

microorganisms as nitrate is the main nutrient needed for the bacteria to grow. A large 

amount of nitrate may cause a boom of algae and bacteria.  

 

3.3. Rationale of this study 

  This study was based on an observation in our past field trip to a local stream. It was 

discovered that the surface of the stones which are exposed in an environment with a high 

light intensity is shiny and smooth, while the stones exposed in an environment with a low 

light intensity is rough and slimy. We thought that the reason behind such phenomenon 

maybe due to the difference in distributions of different types of benthic organisms. In order 

to find out this reason behind, the study was put forward.  

 

4) Methods and Materials 

4.1. Field site 

  The ecological pond on our school campus was chosen to be the field site of this study as 

the ecological pond is descolate and with little human disturbance so that the study could be 

carried out in stable conditions. Besides, it was more handy and convenient for us to carry 

out the study at a place near our school. 

 

4.2. Study of microbenthic population in ecological pond   

a) Attachment of benthic organisms 

  Glass slides were used to allow the attachment of freshwater benthic organisms. For each 

attachment surface, two glass slides were pasted back to back with cellophane tapes 
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covering the edges. These back-to-back slides were then attached to the cages vertically by 

cotton strings and were put in the ecological pond for 6 days (from 3rd March to 9th March). 

 

b) Metal-framed cage 

 
  In order to exclude the grazers present in the ecological pond, metal-framed cage were 

designed and made. These metal-framed cages (25cmX10cmX10cm) were covered with 

transparent plastic sheets on the top and non-woven cloth on the bottom and the sides. 

About 5% of the incoming light was blocked by the cloths. A total of 4 such metal-framed 

cages were made. 

 

4.3. Identification of benthic organisms in the ecological pond  

  The slides in each cage were observed under a light microscope with a magnification of 

400X in our school laboratory. 5 samples were taken at the 4 corners and at the centre of 

the slides. The area of view is 0.02𝑚𝑚2 in each sample. Photos were taken for easier 

observation. Benethic organisms attached on the slides were identified with the aid of a key.  

 

4.4. Effect of grazer and light intensity on microbenthic population 

a) Light intensity adjustment 

  The 4 metal cages were put into the  ecological pond. 2 specially made glass slides were 

put inside each metal cage for the establishment of the benthic organisms. 2 of metal cages 

were covered by black plastic bag to reduce the incoming light intensity. The other 2 metal 

cages were exposed to normal sunlight.  

b) Grazers effect on microbenthic population 

  20 water snails with various sizes from ecological pond were captured. Half of them (10 

water snails) were put in one of the metal cages with natural light provided while the another 

half of them (10 water snails) were put in one of the metal cages which is covered by the 

black plastic bag. The set-up was placed in the ecological pond for 7 days (from 9th March 

to 16th March) before taken to the school laboratory for further investigation. 

  

4.5. Estimation of number of microbenthic organisms on slides 

  Photos of the samples were put onto a 10X10 grid reference by computer programme 

Adobe Photoshop. Each grid has an area of 0.002𝑚𝑚2. The distribution of microbethic 

organisms on the slides was estimated by counting the number of grids occupied by each 

kind of organisms, where two incomplete grids were counted as one complete grid. The area 

occupied by the microbenthic organisms was the product of the area of each grid and the 

number of complete grids occupied by the microbenthic organisms. The average values of 

the samples were taken as the results. 
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5) Results 

5.1. Identification of microbenthic population 

Three types of microbenthic organisms were identified. Photos were taken and listed below: 

 
 

Set up (a) Higher light intensity without grazer 

 

Side A Side B 

1  1  

2  2  
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3  3  

4  4  

5  5  

Side C Side D 

1  1  
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2  2  

3  3  

4  4  

5  5  
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Set up (b) No light without grazer 

Side A Side B 

1  1  

2  2  

3  3  

4  4  
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5  5  

Side C Side D 

1  1  

2  2  

3  3  
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4  4  

5  5  

 

Set up (c) Higher light intensity with grazer 

Side A Side B 

1  1  

2  2  
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3  3  

4  4  

5  5  

Side C Side D 

1  1  
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2  2  

3  3  

4  4  

5  5  
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Set up (d) No light with grazer 

Side A Side B 

1  1  

2  2  

3  3  

4  4  
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5  5  

Side C Side D 

1  1  

2  2  

3  3  
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4  4  

5  5  

 

  From the photo, there were three types of microbenthic organism identified. Bacteria in 

cluster and rod-shape bacteria and diatom. Diatom could be found in much less frequent and 

the number was low. Only the set up with higher light intensity could find diatom. 

 

5.2. Identification and distribution of microbenthic organisms in ecological pond 

 
  The population of bacteria in clusters is higher than that of rod-shaped bacteria in all 

conditions regardless of the availability of light intensity or the grazers effect. Besides 

bacteria, a few diatoms were also identified in certain samples. 
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5.3. Effect of grazer and light intensity on the population of microbenthic organisms 

 
  Light intensity and the presence of grazers had antagonistic effects on the population of 

microbenthic organisms. A higher light intensity would lead to an increase in the benthic 

population whereas the presence of grazers would lead to a decrease in the population of 

microbenthic organisms. However, the benthic population with grazers under no light 

conditions was abnormal as it should be smaller than that without grazers under no light 

conditions and that with grazers under higher light intensity. 

 

6) Discussion 

6.1. Identification and distribution of microbenthic organisms in ecological pond 

  The area covered by the bacteria in form of clusters was larger than that of the rod-shaped 

bacteria because living together in clusters can provide more protection to bacteria. They 

become much bigger in size so it is difficult for the predators to feed on them.[2] This favours 

their survival so they have a larger population size. In contrast, the rod shaped bacteria live 

independently so they are easily eaten by their predators. So, their population is less than 

those living in clusters. Diatom, a kind of algae, on the other hand, could be found only in set 

up (a) and (b). Both of the set up have a high light intensity which could allow photosynthetic 

diatom to survive on the glass slide.  

 

6.2. Effect of grazer and light intensity on the population of microbenthic organisms 

  Comparing the population of microbenthos under higher light intensity, the presence of 

grazers significantly decrease the benthic population (around 35%) as grazers, the water 

snails, may feed on microbenthic organisms on the glass slide. Comparing the population of 

microbenthos without grazers, a higher light intensity support a higher benthic population. It 

shows that the microbenthic organisms present in the ecological pond were photosynthetic 

so that a higher light intensity favour the living of these microbenthic organisms. Though 

both change in the light intensity and presence of grazers affect the benthic population, the 

effect of light intensity may have a stronger impact than grazing effect (around 36%). As a 

result, photosynthetic microbenthos had higher growth rate and reproductive rate that could 

balance the grazing effect such that the benthic population without grazers under no light 

conditions was similar to that with grazers under higher light intensity. It suggested that the 

effect of light intensity and grazing effect had a strong balancing effect on the benthic 

population. 
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6.3. Possible reasons for the high coverage of microbenthos with grazers under low 

light conditions 

  The expected microbenthos population in the set up with low light intensity and presence of 

grazers should be much smaller as by the combined effect of the low light intensity and 

presence of grazer. However, the coverage of microbenthos on the glass slide was similar to 

the one without the presence of grazer in low light intensity (0.00289mm2 to 0.00284 mm2). 

One of the reason is the low activity of the grazer on the grazing activity. In almost complete 

darkness, the activity of water snails become low as well as the grazing activity. Therefore, 

with the presence of 10 water snails, the amount of microbenthic organism would not be 

affected by the resting snails. The high coverage of microbenthos with grazer under low light 

condition indicated the failure to produce a synergic effort by the physical and biological 

component in such set up.  

  In addition, there may be other factors affecting the distribution of microbenthic organisms 

other than the two factors we studied. The differences in the microenvironments may also 

contribute to this high coverage of microobenthos in this set up. 

 

6.4. Limitations 

a) Uncertainty of the feeding habits of grazers 

  Grazers (water snails) in the cages were not necessarily feed on the microbenthic 

organisms attached on the glass slides. Instead, they might feed on the benthos attached on 

the non-woven cloths or other planktonic organisms in the cages. Therefore, the population 

of microbenthic organisms on the glass slides might not show a comprehensive grazing 

effect. Although from the set up with strong light intensity and the presence of grazer, a 

significant drop in microbethic population was seen, we cannot be sure that it is solely due to 

the action of water snail we put in. 

 

b) Short establishment time of microbenthic population 

  The duration of time for the whole experiment was short, which only lasted for 10 days. The 

time might not be enough for the benthic organisms to attach and grow on the glass slides. 

Diatoms, which is a kind of common microbenthic organisms, are rarely recorded, 

suggesting the time for algal community to develop may not be enough. The effect of both 

light intensity and the presence of grazers would be underestimated.  

 

c) Effect of glass surface to the attachment of microbenthic organisms 

  Glass slide was used to allow microbenthic organism to attach and establish. However, 

glass itself may favour or disfavour certain kinds of microbenthos to attach on it. The effect 

of using other material like plastic as the attachment surface was not identified. Some 

microbenthic organisms may not necessarily or take a longer time to attach on the glass 

slide. Bacteria will only stay on a glass surface for a period of time ranging from a few 

seconds to 3 hours. As a result, the population of microbenthic organisms would be 

underestimated. 

 

d) “Escape” of grazers from the cage in higher light intensity conditions  

  Some of the water snails in the cage in the environment with high light intensity escaped 

the cage during the experiment, so the number of grazers in the cage was not able to keep 

constant throughout the experiment. Thus the grazing effect in the environment with high 

light intensity would be underestimated. The activity of grazer in high light intensity and low 
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light intensity also varied. It provided extra burden to study clearly the effect from grazers on 

the microbenthic population. 

 

e) Temperature and other physical factors during experimental period 

  Temperature during the experimental period (from 3rd March to 16th March) was 

fluctuating ranging from 14.8 degree Celsius to 25.1 degree Celsius. Worse still, the lowest 

temperature in this month was recorded during the experimental period. There were a few 

light rain patches during the experimental period which affect the pH value and the 

concentration of dissolved oxygen of the water. Nevertheless, the strength of the effect of 

the above varying factors could not be shown in this study. Whether the changes in such 

physical environment affect the distribution of microbenthic population is unknown. 

Furthermore, the low temperature may further lower the activity of water snail. The grazing 

effect would be again underestimated.  

 

f) Unknown actual number of bacteria in clusters 

  Only the area covered by the bacteria was measured but not the number of them. The 

bacteria lived in clusters may actually consume a larger area when they were separated 

compared to those in rod-shape so the population of clusters of bacteria may be 

underestimated. 

 

6.5. Improvement  

a) Longer establishment time 

  The set-up should be placed in the ecological pond for a longer period of time, saying for 3 

weeks, so as to allow a better attachment of microbenthic organisms and show a more 

comprehensive. Also, other physical factors like the pH of pond water, temperature, DO of 

pond water should also closed monitored and recorded. Other attachment surface like 

ceramic or plastic, could be used to compare the effect of different material of attachment 

surface.  Moreover, more time could allow algal community to attach on the surface, thus we 

can have a better understanding on the microbenthic community in the ecological pond.  

 

b) Firmer cage 

  The cage should be wrapped with stronger non-woven cloth to prevent the escape of 

grazers. The edges of the cage should be strengthened with tighter cotton strings so that the 

number of grazers could be kept constant throughout the experiment and the grazing effect 

could be shown better. 

  

7) Conclusion 

  To conclude, the microbenthic organisms present in the ecological pond were mainly 

bacteria, in which they were more likely to live in clusters than in rod-shaped. A few diatoms 

were also present. The response of the microbenthic organisms to the manipulation of light 

intensity and grazers shows that a higher light intensity increases the benthic population 

while the presence of grazers decreases the benthic population. The effect of light intensity 

had a stronger effect than grazing effect that the amount of light intensity and grazers 

contribute a strong balancing effect on the benthic community. 
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