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1. abstract 
There are some reports stating that mayfly nymphs only live in clean water stream, 

Mayfly nymphs are always aquatic, but their specific microhabitat depends on the species. 
Each species survives best in an environment with a specific substrate, depth, oxygen level 
and amount of wave action.  A number of questions come up in our mind – what is meant 
by clean water stream? What are the abiotic factors of the stream? Can they be found in 
polluted water stream? We want to know more on their habitat and the relationship 
between them and the environment. In this study, we are going to reveal the secrets of 
mayfly nymph. Our objectives are to study the distribution and abundance of mayfly 
nymphs, the abiotic factors of their favorable habitat and the relationship between abiotic 
factors and them.  
 
              We carried out the investigation by means of observation in field trips and 
experiments. We had visited the streams in Cheung Lung and Tai Po Kau to measure the 
abiotic factors and collect water samples, as well as observe the distribution and abundance 
of mayfly nymphs. Moreover, we had discovered some interesting behaviours of mayfly 
nymphs.  

 
(fig. 1) food web showing relationship between mayfly nymphs and other aquatic organisms. (Source: An 
Introduction to Ecology of Hong Kong Volume 1) 

 
1.1 Background information 
Mayfly (Ephemeroptera) nymph is an aquatic insect, whose lifespan ranges from several 
months to several years. There are 2,100 described species of mayflies. About 700 of the 
species can be found in North America. Mayflies live all over the world, except in the Arctic 
and Antarctic.It mainly lives in streams under rocks, decaying vegetation, or in the sediment. 
It feeds on algae and other plants. They may collect food by grazing as they move over 
stones and weeds. Also, it is the prey of dragonfly nymphs, alderfly larvae and water beetle 
larvae (refer to Fig1).  
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(fig. 2) body structure of a mayfly nymph 

1.2 Adaptive features of mayfly nymphs 
 
1. Tail filaments 
There are 3 tail filaments in every mayfly nymphs for resisting current as they adapt to live 
in streams. 
 
2.Jointed legs  
They have jointed legs for attaching the rocks and searching for food. 
 
3.Gills 
Mayfly nymphs have a number of gills on each side of their abdomen for gaseous exchange. 
 
4.Brown in color  
Their bodies are brown in colour which is similar to the colour of the rocks and sand, acting 
as camouflage to prevent predators 

 
5.Mainly found in streams with strong water current 
Mayfly nymphs are always found in running water as the dissolved oxygen is higher there. 
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1.3 Reason for choosing mayfly nymph 
In January, we went to Tung Chung River to look for interesting fact about aquatic insects. 
Despite the fact that we found many insects there very interesting, all five of us found that 
there are some tiny insects gathered under the rocks. When we observed it under 
microscope, we are appealed by its movement and body structures, arousing our interest in 
knowing more of it. Therefore, we decided to set mayfly nymph as our investigation focus.  

 
2. Field Work 

 Trip 1 
On 6th February, 2014, we went to two freshwater streams in Hong Kong to look for study 
targets. One is in Chuen Lung, Tsuen Wan(荃灣川龍) and the other one is located at Tai Po 
Kau Nature Reserve(大浦滘自然保護區). During the trip, we measured several abiotic 
factors of the stream, including light intensity, relative humidity, temperature, speed of 
water current and water depth. The equipments we used are as follows: 
 
1. Transect line(3m) x1 8. specimen bottles x10 
2. 1/2 metre ruler x1 9. petri dish x3 
3. Digital thermo hygrometer x1 10. identification photos x5 
4. Water current meter x1 11. compass x1 
5. white plastic tray x1 12. digital light meter x1 
6. camel hair brush x3 13. stopwatch x2 
7. stereomicroscope x1  
 

 

 
(fig. 3) Map showing location of Tai Po Kau(up) and Chuen Lung(down) 
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2.1    Chuen Lung 

  
(fig. 4) site B in Chuen Lung 
 
In Chuen Lung, there is a stream with both fast and slow water current. The bottom is 
covered by sediment and small stones. Abundant algae develop in the water. We had 
measured the conditions of two sites, site A and site B, which have different water current 
speed and depth. 
 
Physical Environmental conditions of stream in Chuen Lung: 
 Distance from 

bank 
Site A 

Water depth 
Site B 

Water depth 
 
 
 
 
Water depth 

0.5 m  4 cm 22 cm 
1.0 m 8 cm 27 cm 
1.5 m 5 cm 42 cm 
2.0 m / 44 cm 
2.5 m / 55 cm 
3.0 m / 70 cm 
3.5 m / 58 cm 
4.0 m / 38 cm 
4.5 m / 29 cm 

Light intensity Surface of water 40000 lux 20500 lux 
Water Temperature Surface of water 18℃ 20℃ 

Bottom of water 18℃ 18℃ 
Relative Humidity Surface of water 47% 52% 
Average flow rate  Due to some technical problems, this 

data could not be measured. However, 
water speed of site A was obviously 

faster by visual observation. 
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(fig. 5) 
 
Animals: 

 (fig.6) (fig. 7)                         
       Hong Kong Newt (Juvenile)                                            Large Stream Snail 
     Paramesotriton hongkongensis                                       Brotia hainanensis 

(fig. 8)  (fig. 9) 
Freshwater Minow(Juvenile)                                            Mayfly Nymph 

Zacco platypus                                                     Cinygminaru bromaculata 
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2.2    Tai Po Kau 
There is another freshwater stream. 
Compared to the one in Chuen Lung, this one 
had more sediment and leaf litter in the 
water. Also, many trees shield the stream 
from direct sunlight, leading to a relatively 
low light intensity. 
 
 
 
 
 
 
 
(fig. 10) We working in Tai Po Kau 

 
Physical Environmental conditions: 
 Distance from river 

bank 
Water depth 

 
 
Water depth 

0.5 m 27.5 cm 
1.0 m 29 cm 
1.5 m 9.5 cm 
2.0 m -6 cm (rock)* 
2.5 m -12 cm (rock) 

Light intensity Surface of water 1910 lux 
Water temperature Surface of water 17℃ 

Bottom of water 17℃ 
Humidity Surface of water 81% 
Average flow rate  44.29 cm s-1 

*-ve sign means it is above water surface 
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(fig. 11) 
Animals: 

 (fig. 12)  (fig. 13) 
                      Water penny                                            Caddis flies larva 
                Mataeopsephus sp.                                           Chimarra sp. 
 
2.3   Interpretation of physical factors 
Site 1: Chuen Lung 
Site 2: Tai Po Kau Nature Reserve 
 
 
Light intensity 
Higher in site 1 but lower in site 2 
- Vegetation like trees on the bank of the stream in site 1 is less than that in site 2. 
- Site 1 is a more open area than site 2 in contact with light. 
 
Water temperature 
Higher in site 1 but lower in site 2 
- A greater surface area in contact with solar radiation as imposing a heating effect in site 1 
increase the temperature. 
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- Sediments on the river bed of site 1 absorb solar radiation and thus increase the 
temperature. 
- Vegetation in site 2 blocks a large amount of light and solar heat so a smaller amount of 
light can penetrate through the tree layer, and thus impose a less heating effect to the 
environment. 
 
Humidity 
Lower in site 1 but higher in site 2 
- Vegetation in site 2 helps trap moisture evaporating from the freshwater streams 
- Site 1 is a more open area as wind helps bring away moisture evaporating from the 

freshwater streams 
 
Average flow rate 
Higher in site 1 but lower in site 2 
- Gradient between the upper course and the lower course of the stream in site 1 is greater 
than that in site 2, and thus increases the velocity of the stream. 
 
2.4   Trip 2 
On 15th March, we went on another trip to the stream of Chuen Lung. This time we mainly 
focused on the distribution and abundance of mayfly nymphs and their behaviour. Less 
equipments were used this time: 
1. camel hair brush x3 7. petri dish x3 
2. stereomicroscope x1 8. identification photos x5 
3. Digital thermo hygrometer x1 9. stopwatch x2 
4. Water current meter x1 10. digital light meter x1 
5. white plastic tray x2 11. water bottle(for holding hot water) 
6. specimen bottles x10  
 
Environmental conditions: 
Light intensity Surface of water 18000 lux 
Water temperature Surface of water 18℃ 

Bottom of water 17℃ 
Relative Humidity Surface of water 68% 
Average flow rate Upper part 58.6 cm s-1 

Lower part 31.32 cm s-1 

 
3. Investigation of the distribution of Mayfly nymphs 

Aim: By observing the distribution of Mayfly nymphs in the freshwater stream, we can study 
what environment Mayfly nymphs flavor and why Mayfly nymphs are adaptable to such an 
environment. 
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(fig. 14) Mayfly nymphs we have collected 
Equipment: 
1. Brushes 
2. dishes 
Procedure: 
1. 10 stones are randomly collected from the upper course and the lower course of each 

site (Chuen Lung and Tai Po Kau Nature Reserve) 
2. Larvae are collected by brushing them from the stone surface to the dish. 
3. Count the numbers of Mayfly nymphs collected from the selected stones 

Number of Mayfly larvae 
locations Upper course Lower course 
Chuen Lung 22 10 
Tai Po Kau Nature Reserve 18 7 
Result: 
The number of Mayfly nymphs in the upper course is more than that in the lower 
course. 

Interpretation of the results: 
Easier to search organic matters for nutrition 
- Fast-flowing water in the upper course brings more organic matters like small food 

particle and oxygen. This increases the efficiency of searching food and taking up oxygen. 
Protective factor 
- Sediments in the upper course are usually stones and pebbles while that in the lower 

course are usually sand, mud and silt. Stones provide a better environment for Mayfly 
lymphs to hide themselves from their predators like fish due to their flat body structures. 
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4. Experiment 
4.1     Investigation of the composition of water in the freshwater streams 
 
Aim:  
Nitrates and ammonia and pH value are the important chemical factors that can affect the 
water quality. A high content of nitrates in water shows that the aquatic environment is 
influenced by human activities, such as run-off of farm fertilizers, while a high content of 
ammonia in water reflects the aquatic environment is polluted by organic waste. pH value 
indicates the acidity or alkalinity of the water. 
Procedure:  
Water samples were collected from the stream in Chuen Lung, Tai Po Kau Nature Reserve 
and Shan King (we went to Shan King to collect water samples for comparison on 18th 
March), and then a nitrate test and an ammonia test for each samples were conducted. 
Here are the results: 

   
(fig. 14-18) results of chemical tests on different water samples 
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(fig. 19-21) results of chemical tests on water sample from Shan King 
 

 
 
 
 
 
 
 

Result: There is nearly no nitrate in the stream water samples of Chuen Lung and Tai Po Kau. 
The content of ammonia in the water sample of Chuen Lung is slightly higher than that of 
Tai Po Kau Nature Reserve. Water sample from Shan King has the highest contents in both 
nitrate and ammonia. 
Interpretation of the results: 
Low content of nitrates and ammonia in site 1 and 2 
- The freshwater streams in two sites are located far from towns, and thus human 

activities have little effects on these two streams. 
High content of nitrates and ammonia in site 3 
- The stream is located in urban areas, where it is contaminated by human activities and     
pollutants containing nitrates and ammonium, such as organic waste. 
Neutral  pH in site 1 and site 2 
- The stream water comes from rainwater, which is neutral. In addition, the streams are 

far from towns, and thus aren’t affected by pollutants generated from human activities. 
Slightly alkali in site 3 
- The stream is polluted by alkaline detergents such as washing powder. We observe that 

a bottle of cleaning agent is left beside the water stream, and believe the water stream 
are suffering from pollution. 

Stream site Nitrate 
test(mg/L) 

Ammonia 
test(mg/L) 

pH value 

1.Chuen Lung ~0 ~0.25 ~7 
2.Tai Po Kau 
Nature Reserve 

~0 <0.25 ~7 

3.Shan King ~1 ~0.5 8.54 
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4.2     Effect of light intensity on the activities of mayfly nymphs 
 
Objective: 
To investigate the effect of light intensity on the activities of mayfly nymphs 
To find out whether the brighter or dimmer environment is the favorable habitat of mayfly 
nymphs 
 
Hypothesis: 
As most mayfly nymphs found on both sites are mainly located under the wet stones along 
the stream, we believed that mayfly nymphs prefer to living in the environment with low 
light intensity. 
Mayfly nymphs will migrate from bright region to a dimmer area. 
 
Design of the experiment: 
Three mayfly nymphs with different sizes are extracted. 
The independent variable of this experiment was the light intensity while the dependent 
variable was the locomotion of the mayfly nymphs. The control variables were the 
temperature, the humidity and the time for the illumination. 
For easier measurement and interpretation of the light intensity, it was simplified into the 
illuminated side and the non-illuminated side. 
 
Set-up: 
3xMayfly nymphs  
1xLamp 
1xTrough 
1xLid 
 
1. All the mayfly nymphs were placed on the right half of the trough (the part to be directly 

illuminated) to ensure it was a fair test. 
2. A lid was placed to prevent light from penetrating the left half of the trough. 
3. A lamp was placed above the trough.  
Procedure: 
1. The lamp was turned on, the right half of the trough is illuminated by strong light 
(~5000dB) , while the light intensity of the non-illuminated left half was ~50dB and that of 
the room was ~1000dB. 
2. Waited for five minutes. 
3. The trough was observed to see if the mayfly nymphs had changed their locations. 
4. The lid was placed on the other side. Without relocating the mayfly nymphs, the same 
experiment was repeated. 
Result and Analysis: 
In the first thirty seconds, they had no observable response to the sudden increase of light 
intensity(from ~1000dB to ~5000dB). 
Around 1-3minutes, two of the mayfly nymphs gradually shift from the illuminated to the 
non-illuminated side. 
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When mayfly nymphs are exposed to strong light, they gradually migrate to a dimmer area. 
 
Discussion: 
Interpretation of results 
From the experiment studying the effect of light intensity on the activities of mayfly 
nymphs, mayfly nymphs shift to a dimmer area when they are exposed to strong light. 
Therefore, it can be deduced that mayfly nymphs tend to stay in an environment with lower 
light intensity, in other words, dimmer environment, instead of the brighter one, is the 
favorable habitat of mayfly nymphs, this explains why they are always discovered under the 
stones along the streams. 

4.3   Effect of Water temperature on frequency of movement of Mayfly 
nymph’s gills  

 
(fig. 22) Mayfly nymph used for this experiment 
 
Objectives: 
To investigate the effects of water temperature on frequency of movement of Mayfly 
nymph’s gills  
To find out how water temperature affects the respiratory rate of mayfly nymph 
Hypothesis: 
The gills of mayfly nymph move at a faster rate when it is put in water with higher 
temperature. 
Control variable: 
- Water depth 
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Apparatus: 
1x Microscope 
1x Video camera 
1x Thermometer 
3x Petri dishes 
1x Glass rod 
Procedure: 
1. A mayfly nymph was put in a Petri dish containing water at 19℃ 
2. The Petri dish was observed under microscope  
3. A video camera was used to record the movement of gills in 10 seconds 
4. The mayfly nymph was transferred to another Petri dish containing water at 40℃ 
5. Steps 2-3 were repeated 
Result: 
It was observed that the gills of mayfly nymph moved at a faster rate in higher water 
temperature. The frequency of gill movement at 19℃ was 10.39Hz while its frequency at 40
℃ was 10.64Hz. 
Conclusion: 
The result indicates that the rate of gill movement increases with the water temperature. It 
is suggested that in the environment of higher water temperature, the metabolic rate of 
mayfly nymph is higher, so the ventilation rate of mayfly nymph also increases, resulting in 
faster rate of gills movement.  
 

5.   Possible sources of errors and suggested further 
investigation 

1. The number of mayfly nymphs investigated was too small and may not be representative 
for the   whole population. It is suggested adequate food, space and oxygen should be 
provided in order to increase the survival rate of mayfly nymphs. Also, the relationship 
between mayfly nymphs and other aquatic insects should be considered. 

2. Some mayfly nymphs were found to be amputated, thus their locomotion and other body 
functions may be affected. It is suggested that they should be handled with greater care 
during transfer and capture. 

3. Repetition of experiments are suggested so that the effect of individual variation can be 
minimized. 
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6.  Questions worth further studying 
 
Our study also raised a number of questions worth further studying, including: 
 
1. Why most of the Mayfly nymphs found are in the swallow area of the stream rather than 
that with greater water-depth? 
2. Which part of the body in Mayfly nymphs acts as the light detectors? Where are they 
located and what is the significance of this location? 
3. Why are the gills of Mayfly nymphs grown in the abdomen but not in the thorax? 
4. When do Mayfly nymphs become active and search for food? In daytime or at night? 
5. Except Mayfly nymphs, do other insect nymphs prefer living in upper course to the lower 
course? 
 

7. Conclusion 

             By comparing the environmental conditions of different locations of freshwater 
streams in Chuen Lung, Tai Po Kau and Shan King, we found that mayfly nymphs tend to live 
in habitats with fast water current and shallow water depth. They are usually found under 
small stones near the bank.  

             From the results of the experiments, we observe that streams with the presence of 
mayfly nymphs (Chuen Lung and Tai Po Kau) have little concentration of nitrate and 
ammonia and a neutral pH value. This means the water is far away from pollution and thus, 
very clean. Moreover, we also discover that mayfly nymphs have the tendency to move 
away from light sources. This matches its behavior of hiding under rocks. Lastly, we notice 
that the gills of mayfly nymphs beat faster in warmer environment, which is directly 
proportional to its ventilation rate. 

           In order to protect mayfly 
nymphs, our group suggests that the 
emission of pollutants into 
freshwater streams from nearby 
villages should be restricted. In this 
way, the various micro-habitats in 
streams can remain undisturbed and 
the lives of organisms can be 
protected.  
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