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Topic 

Investigation of the effect of wave action on the height/width ratio of snail shell and the maximum suction pressure applied 

by a snail 

 

 

Introduction 

Experimental studies in the United Kingdom have found that certain species of snails that frequently inhabit the rocky shores 

of the British Isles, e.g. dog whelk Nucella lapillus, have considerable variations in its shell shape on shores exposed to 

different strengths of wave action. 

Under greater wave action, a higher and pointier shell would protrude more on the rock surface and be subjected to larger 

wave force. On the contrary, a flatter and stubbier shell would allow the snail to attach more firmly to the rock inhabited. 

Detachment of the snail from the rock surface that it inhabits would certainly lead to death of the snail unless it can reattach 

to a rock surface. Hence, on an exposed shore with greater wave action, a stubbier shell shape is more favorable for the 

survival of the snail. 

Therefore, by the theory of natural selection, it is deduced that snails with a stubbier shell should be more able to survive in 

larger numbers on an exposed shore than snails with a pointy shell, which is also to say that the snail population on an 

exposed shore shall, on the average, have a stubbier shell than the population found on a protected shore.  

In Part 1 of our field study, we shall measure and record the heights and widths of snails captured at different sites. By 

calculating the height to width ratios of different snail populations at different sites, we can find out if the shapes of snails 

have any relations with the strength of wave actions which the snails are subjected to. 

Secondly, in a habitat with greater wave action, it is more favorable for the snail’s survival if the snail can apply a larger 

suction force on their feet, and hence attach more firmly to the rock surface. Therefore, by the theory of natural selection, it 

is deduced that in a site with greater wave action, the snails that can apply a higher suction force shall survive in greater 

numbers. This can also be interpreted as below: on an exposed shore, the average foot suction force of the snails inhabiting 

an exposed shore shall be greater than that of snails inhabiting a protected shore. 

In Part 2 of the field study, we shall directly measure the foot suction force applied by two groups of snails, captured at an 

exposed shore and a protected shore respectively. We hope to find out if the foot sunction force of a snail has any relation 

with the strength of the wave actions which it is subjected to. 
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Background 

 

Site Information: 

The field study was carried out in the following two sites. 

 

 

 

 

 

 

 

◢ Tai Tam overview (Image source: Google 

Satellite Map) 

 

Tai Tam, the first site, was visited on 2nd March 2009. The heights, widths and diameters of apertures of snails at two different 

locations (as shown in the map above) were measured. Tai Tam is a protected shore due to its inland geographical position, as 

seen in the satellite photo taken above (from Google Map). Man-made buildings such as the Tai Tam reservoir walls and stone 

bridge also shield the site from wind and protect it from violent wave action from the ocean. 

 

 

 

 

 

 

 

 

 

◢ Shek O overview (Image source: Google 

Satellite Map) 

 

Shek O, the second site, was visited on 12 March 

2009. The heights, widths and diameters of apertures of snails at two different locations (as shown in the map above) were 

measured. Shek O is an exposed shore. The rocky shore which points out towards the ocean is directly subjected to the most 

violent wave action from the ocean. Under typhoons that visit Hong Kong in summer (July to August), Shek O is a well-known 

tourist site for wave-watching. 

 

By comparing the wave action at Shek O and Tai Tam, it is obvious that Shek O is subjected to more violent wave action than 

Tai Tam. 
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Species Information: 

Three species of snails were targeted and measured. 

 

 

1) Thais clavigera 疣荔枝螺 

Characteristics: The shell is greyish-white and slightly elongated with several rows of large 

rounded dark bumps. The aperture is orange in colour with a siphonal canal. Outerlip with 

ribbed margin. 

Habitat: On rock surface at mid to low intertidal zone. 

 

 

2)  Lunella coronata 朝鮮花冠小月螺 

Characteristics: The shell has a depressed spherical shape with numerous distinct nodules 

in series along spiral ribs and is brown or yellowish brown in colour. The operculum is stony 

and semi-spherical in shape. 

Habitat: On rock surface at mid-intertidal zone. 

 

 

 

3)  Monodonta labio 單齒螺 

Characteristics: The shell is thick and rounded. Colour is generally green or 

interspersed by brown colour. The aperture is white in colour with one distinct 

tooth-shaped structure on the inner lip. 

Habitat: On rock surface at mid-intertidal zone. 

 

(*Photographs used above are self-taken. Species information quoted from Photographic Guide Series 

to Hong Kong Nature ○9  Hard Shore Organisms – Rocky shore and Boulder Shore.) 

 

 

 

Principle of Design 

 

Part 1: Snail shell measurement 

This part of the field study was conducted on site. Within the time limit (determined by the rise and fall of tide), as many 

snails were captured as possible of the three species stated above. The height and width of each snail were measured before 

release. Some samples were selected and kept for Part 2 of the field study. 

The height/width ratio of each snail was then calculated and plotted onto a graph. By comparing the graph slope for each 

species at each site, we shall analysis the effect of wave action, if any, on the shell shape of the snails, and hence verify if 

natural selection has influence on the shell shape for a snail population. 
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Part 2: Snail foot suction force experiment 

Using the snails captured on the field, the suction force and surface area of the foot of each snail was measured. Force was 

applied to the snail to detach it from a smooth horizontal surface. This force was divided by the surface area of the foot to 

eliminate the factor of area difference. By comparing the average pressure applied by the feet of a species found at different 

sites, we shall analysis the effect of wave action, if any, on the suction force of snails, and hence verify if natural selection has 

influence on the average foot suction force of a snail population. 

 

*Study Part One: Snail Shell Measurement 

 

I. Methodology 

Four different sites, two at a protected shore in Tai Tam and two at an exposed shore in Shek O, were visited. The same snail 

species at different sites were compared for their shell heights and widths. 

Site Number 1 a 1 b 

Site Tai Tam Tai Tam 

Time of visit 2 March, 3:51pm-4:45pm 2 March, 4:47pm-6:10pm 

Tidal 

information 

1.5m  1.0m 

(from Hong Kong Observatory website) 

1.0m  0.8m 

(from Hong Kong Observatory website) 

Notes Water pipe near an artificial mangrove plantation 

 

Rocky shore where oyster colonies are found in large numbers 

 
Site Number 2 a 2 b 

Site Shek O Shek O 

Time of visit 13 March, 3:30pm-6:00pm 13 March, 6:15pm-7:15pm 

Tidal 

information 

0.8m  0.6 m at 4.30pm 0.76m 

(from Hong Kong Observatory website) 

0.83m  1.0m 

(from Hong Kong Observatory website) 

Notes A rock pool by the sea 

 

A boulder shore 
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At each site, 3 different species of sea snails, namely Lunella coronate 朝鮮花冠小月螺 (turban shells) Lunella coronate 朝

鮮花冠小月螺 (turban shell), Lunella coronate 朝鮮花冠小月螺 (turban shells) and Thais clavigera 疣荔枝螺 (dog 

whelks), were collected. The height, the width and the diameter of the aperture of each snail were measured using a Vernier 

Caliper. The positions on the snail taken for height, width and aperture diameter taken is shown below. 

 
Since the snails were of irregular shapes, the measurements taken were of maximum values. In each measurement, the 

maximum error due to the measurement tool was ±0.05mm. 

 

 

 
▲Collecting snails and making measurements 

 

 

▲Measuring the height of a Thais clavigera 疣荔枝螺(dog 

whelk) 

 

▲Measuring the width of a Thais clavigera 
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II. Assumption

It was assumed that any error due to individual variations among sea snails of the same species was minimized by collecting a 

large sample of snails.

1. Since the snails were of irregular shapes, for a particular dimension, for example their heights, there may be many 

possible measurements. So for fair comparison, the measurements of heights, widths and diameters of the apertures of 

snails taken were of maximum values. The method of measurement was also standardized.

III. Precautions

2. Maximize the sample size of snails as much as possible so as to reduce any error due to individual variations among the 

snails of the same species.

3. The heights and the widths should be measured using the outside jaws of the Vernier Caliper while the diameters of the 

apertures should be measured using the inside jaws.

III. Data Collected (Tabulated)

For the raw data ( height, width and aperture diameter of each snail captured), please refer to Appendix.

IV. Graphs & Explanation

Monodonta labio measurement results in graphs

Graph. M1a:

Monodonta shells height 

against width in Site 1 a, 

Tai Tam water pipe

Graph. M1b:

Monodonta shells height 

against width in Site 1 b, 

Tai Tam rock with oyster 

colonies
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◢ Graph. M2a: 

Monodonta shells height 

against width in Site 2 a, 

Shek O rock pool 

 

◢Graph. M2b: 

Monodonta shells height 

against width in Site 2 b, 

Shek O boulder shore 

 

Graph Explanation for Monodonta 

Microsoft Excel 2007 was used to enter and plot the data. A best-fit straight line was drawn. The equations displayed next to 

the best-fit line shows the slope of this line, which is also the average shell height/width ratio of all the data on that graph. For 

example, in Graph M1a, the equation of the line was found to be [ y = 1.074x + 1.542 ]. In this case, 1.704 is the average 

height/width ratio of the Monodonta snails found in site 1a. 

A R2 value was shown underneath the equation. This is actually the square of the correlation coefficient. The correlation 

coefficient, R, is a measure of the reliability of the linear relationship between the x and y values. 

If R = 1, the linear relationship between x and y is exact. The closer R is to 1, the better is the linear reliability. If the 

correlation coefficient is relatively far away from 1, the predictions based on the linear relationship, y = mx + b, will be less 

reliable. In this report, a R2 value below 0.6 will indicate that the height/width ratio calculated is unreliable and the value will 

not be considered for discussion. 

For Monodonta snails, the height /width ratios are shown as below: 

Graph M 1 a M 1 b M 2 a  M 2 b 

Total no. of data 37 22 63 17 

R2 value 0.884 0.704 0.7566 0.961 

Height/Width ratio (Slope of best-fit line) 1.047 1.085 0.9689 1.203 

From the data above, it can be seen that the Monodonta snails found in Site 1a (Shek O rock pool) have the smallest 

height/width ratio at 0.9689. Those found in Site 2b (Shek O boulder shore) have the highest ratio at 1.203. Since the R2 

values obtained are all quite close to 1, the reliability of the linear relationship between the x and y values in each graph is 

generally high. 
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Thais clavigera measurement results in graphs 
 ****No Thais clavigera were found on the water pipe at Tai Tam (Site 1a) **** 

 

◢ Graph. T1b: 

Thais shells height against 

width in Site 1b, Tai Tam 

rock with oyster colonies 

 

◢ Graph. T2a: 

Thais shells height against 

width in Site 2a, Shek O 

rock pool 

 

◢ Graph. T2b: 

Thais shells height against 

width in Site 2b, Shek O 

boulder shore 
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Graph Explanation for Thais clavigera  

For Thais clavigera snails, the height /width ratios are shown as below: 

Graph T 1 a T 1 b T 2 a  T 2 b 

Total no. of data 0 17 42 5 

R2 value / 0.716 0.862 0.691 

Height/Width ratio (Slope of best-fit line) / 1.349 1.484 1.216 

From the data above, it is seen that the Thais snails found in Site 2b (Shek O boulder shore) have the smallest height/width 

ratio at 1.216. Those found in Site 2a (Shek O rock pool) have the highest ratio at 1.484. 

By the R2 values, the reliability of the graphs is acceptable, ranging from 0.691 to 0.862. The reliability of graph plotted from 

data collected at site 2b (Shek O boulder shore) is lowest. At this site, only 5 data were collected. 

 

Lunella coronata measurement results in graphs 
 *Only 1 Lunella coronata snail was found on the water pipe at Tai Tam (Site 1a)* 

 

◢ Graph. L1b: 

Lunella shells height 

against width in Site 1 

b, Tai Tam rock with 

oyster colonies 

 *No Lunella coronata were found in the rock pools at Shek O (Site 2a) * 

 

◢Graph. L2b: 

Lunella shells height 

against width in Site 2 

b, Shek O boulder 

shore 
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Graph Explanation for Lunell coronata 

For Lunella coronata, the height /width ratios are shown as below: 

Graph L 1 a L 1 b L 2 a  L 2 b 

Total no. of data 1 55 0 4 

R2 value (no graph) 0.597 / 0.961 

Height/Width ratio 

(Slope of best-fit 

line) 

1.105 0.776 / 1.1492 

From the data above, it is seen that the Lunella snails found in Site 1b (Tai Tam rock with oyster colonies) have the smallest 

height/width ratio at 0.776. Those found in Site 2b (Shek O boulder shore) have the highest ratio at 1.1492. 

Only two graphs were plotted since only one datum was collected at site 1a. In the two R2 values obtained, the reliability of 

the graph L1b was at 0.597, which is not considered reliable.  

 

 

A. Comparison (Effect of Wave Action on the Height/Width Ratio of Snail) 

VI. Discussion 

A larger height/width ratio indicates that the shape of the shell is taller and pointier. A smaller ratio indicates the shell is 

shorter and stubbier. 

 

For Monodonta snails:    The largest number of data among three species of data has been collected since Monodonta was 

found in the greatest population at all four sites. The reliability for the results is also highest among three species (as assessed 

by the average R2 value of the four graphs). 

The results of Monodonta showed that the Shek O rock pool population had the smallest height/width ratio and the Shek O 

boulder shore population had the highest height/width ratio. The Tai Tam populations had intermediate height/width ratios. 

An explanation for this trend is given below: 

 

The Shek O rock pools are subjected to the most violent wave action among the four sites due to its geographical position, 

which is extended into the ocean. The smallest height/width ratio of the Shek O Monodonta population may be explained 

by natural selection. The snails that have a stubbier shell shape shall be subjected to less wave action and be better attached 

to the rock surface. They shall be more resistant to the pounding of waves and avoid detachment. Hence, they shall survive in 

greater numbers and pass on the genes for stubby shell shape onto the next generation. This raises the average shell 

height/width ratio of the population. 

In the protected shore in Tai Tam, the effect of natural selection is not obvious since the wave action is much less violent and is 

not a key factor in the snails’ survival. Snails with a taller, pointier shell shape shall pass on their genes in similar numbers onto 

the next generation as the snails with a stubbier shell shape. 

 

However, when comparing the wave actions in Shek O boulder shore (site 1b) and in Tai Tam, the former site is subjected to 

greater wave action than the latter two. The results showing that the Shek O population has the highest shell height/width 

ratio do not seem to agree with the logic described above. It was suggested that the boulders offer the snails many crevices 

for the snails’ inhabitation and hence allow for more protection from wave action than in the other sites. 



Page | 11 
 

 

For Thais snails:    The population with the smallest shell height/width ratio was found at the Shek O boulder shore. The 

population with the highest ratio was found in the Shek O rock pools. The Tai Tam population, again, has an intermediate shell 

height/width ratio. This result is contradictory to the result for Monodonta snails. No reasonable explanation could be offered 

for this phenomenon observed. 

It was suggested that, since only 5 data was collected and measured for the Shek O boulder shore Thais population, at the 

time of the site visit, large individual error may have been introduced in selecting the snails for measurement. Experimenters 

may have captured only those snails up on the higher and drier boulders for convenience in capturing. Species variation may 

have also played a factor, as described in B. Sources of Error

B. Sources of Error 

 below. 

 

For Lunella snails:    Data for both site 1a (Tai Tam water pipe) and 2a (Shek O rock pool) were deficient. At site 1a, only one 

datum was found. That snail may have been detached and washed ashore or that snail may have been an empty shell 

measured. 

At site 2a, no Lunella snails were found in the rock pools. Hence, only data for two sites, site 1b (Tai Tam rock with oyster 

colonies) and 2b (Shek O boulder shore) were up for comparison. 

In graphs L1b and L2b, it is seen that the Tai Tam population had the higher height/width ratio over the Shek O boulder shore 

population. The explanation is given that the Shek O boulder shore, although coming under more violent wave action, may 

actually offer more protection for the snails. Again, it was suggested that since only 5 data was collected and measured for the 

Shek O boulder shore Lunella population, at the time of the site visit, large individual error may have been introduced in 

selecting the snails for measurement. Experimenters may have captured only those snails up on the higher and drier boulders 

for convenience in capturing. 

 

Overall    The results for the three species of snails do not agree. The results for two out of three species studied, Thais and 

Lunella snails were in agreement but the reliability of the data was in doubt. Contradictory results were drawn for Monodonta 

snails for which the reliability was highest. A reasonable explanation could be given only to the results for Monodonta snails. 

 

 

 

1. Some of the Thais snails used for measurement were later identified as different species. 

 

 

 

 

◢ Two of the Thais snails captured in Shek O rocky shore site 

 

Protrusions on the shell surface on certain species of Thais snails 

may introduce inaccuracy in measurement. It is noted than no more than 5 data of snails from a species other than Thais 

clavigera were measured. 

2. Measurement error: Using the Vernier caliper, the maximum error in measurement due to the measurement tool is 
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Above: Experimental set-up: resting snails with 

beaker and Newton’s balance

±0.05mm

3. Individual error: Experimenters may have chosen only those snails concentrated at one point of the site for measurement. 

This problem is suspected to be serious only on the visit to Shek O boulder shore (site 2b) because of the darkness after 

sunset.

Study Part Two: Snail Foot Suction Pressure Experiment

1) String was cut into pieces of even length and thickness. One end was tied and knotted tightly around the shell of each 

snail and the other end was tied to the hook of a Newton’s balance.

I. Methodology

This experiment was carried out on the snails within one day after capturing them from their natural sites.

Measuring the force required to detach the snail:

2) The snail is put into a 500ml beaker partly filled with water, which was originally collected from the visited site. The 

experimenter then observed the snail’s movement. When the snail was crawling on the flat bottom of the beaker, the snail 

had fully extended its foot and only then the next step may be carried out.

3) A 15cm long transparent ruler was held flat against the bottom of the beaker, next to the foot of the snail. A photograph 

of the beaker bottom was taken using a digital camera.

4) The Newton’s balance was then held vertically above the snail and the 

string was pulled up until straight, but not so taut that the snail shell was lifted

or the snail’s movement was hampered in any way.

5) The experimenter held the beaker tightly in one hand and applied a sudden 

force to pull the string upwards, until the snail was detached from the bottom 

of the beaker. During this time, the experimenter observed the reading of the 

Newton’s balance carefully. The maximum force attained just before the snail 

was detached was recorded in a table.

6) The snail was returned to the water. The above procedures were repeated 

for other snails. The experiment may be repeated for the same snail after a 

resting period of no less than 10 minutes.

Calculating the surface area of extended foot:

7) The photographs in the digital camera were 

transferred to a computer. The photographs were 

magnified and printed out. The snail foot on the paper 

was cut out. By sketching around the edge of the cut out 

foot with a pencil, the exact shape was copied onto graph 

paper with grid size 0.2cmx0.2cm.

8) The number of grid boxes occupied was counted and 

thus the surface area of each snail foot was estimated. 

Sample picture of labeled photograph used for calculation of surface area

(Label code is circled and explained in red)
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The magnifying scale of each photograph was calculated from measuring the length (in cm, cor. to 2 decimal places) between 

markings of the 15cm ruler on the printed photographs. 

9) The actual surface area of each extended foot (in cm2, cor. 5 sig. fig.) was calculated by the square of this magnifying scale 

and recorded in a table. 

 

Calculating the pressure applied by snail foot: 

10) The recorded data now included 2 values for each snail: 1) the maximum force required to detach each snail and 2) the 

surface area of the fully extended foot of each snail. 

In order to eliminate the difference in suction force caused by the difference in snail size, the force was divided by surface 

area of foot. By the pressure equation 

Pressure = Force / Area 

P = F/A 

The pressure applied by the foot is then calculated and recorded in another column of the table. 

11) For each species found at each site, the mean value of the foot pressure of the snails was calculated. The values for the 

two different sites were compared and the results were discussed below. 

 

1. The string used for each snail is of even length and thickness. 

II. Precautions 

2. The string was tied so that it does not touch the snail’s foot even when fully extended and does not restrict the snail’s 

movement.  

3. The water in the beaker submerged the snail completely during its movement. 

4. The snail’s foot is on the flat bottom of the beaker before photos and pulling test is carried out. If snail is on the curved 

wall of the beaker, this may introduce inaccuracy in the calculation of the surface area from the photograph, as well as the 

force required to pull up the snail. 

5. The ruler used is transparent and is held flat against the beaker bottom for the photograph. The camera lens is directly 

below the snail and ruler markings. If photo is tilted at an angle, great inaccuracy in calculation will be present. 

6. In the calculation of the scale for each picture, the mean value is taken of the three cm markings of the ruler that are 

closest to the snail foot on the photograph. 

 

◢The 13-16 cm markings (circled in white), which 

are closest to the snail foot on the photograph, are 

used for calculation of the magnified scale. 

The reason for this is to reduce percentage error, 

since the photograph is nearly always taken at a slight 

sideways angle. Although calculating the mean value 

is necessary, the length of the cm markings, which are 

further than 2cm away from the snail foot on the 

photograph, should not be used for calculation. They 

are likely to be tilted at a larger angle and do not reflect the actual scale of the snail foot. 
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7. The snail is actively crawling on the bottom of the beaker, indicating its foot is fully extended, before the pulling 

experiment is carried out. 

8. During pulling, the string should not be so taut that the snail shell is lifted. The string should be held straight gently but 

not tight. 

9. The Newton’s balance is set back to zero before pulling up each snail. 

10. The snail should be pulled up within 3 to 5 seconds. If this period is prolonged or shortened, snail may let go of the 

surface gradually and the maximum force is not reached. 

11. Any tested snail is returned to water and left undisturbed for no less than 10 minutes before repeating experiment on it. 

 

 

1. The difference in suction force caused by the difference in snail size has been completely eliminated, through dividing 

force by surface area of foot and comparing the pressure instead of the force. 

III. Assumptions 

2. The difference in water pressure and amount of water action in the beaker and the natural site does not affect the snail’s 

suction pressure during its temporary capture. 

3. Snails are in good health and active state after one day of captivity. 

4. 10 minutes is adequate for the snail to rest between two pulling experiments. 

5. Force applied to detach the snail in this experiment is always vertical, in opposite direction to gravity. The percentage of 

force used to lift the snail’s weight is assumed to be negligible. 

 

 

 

Species 

IV. Results (tabulated) 

Table. Snail suction pressure experiment results 

Site of 

capture 

Area of foot 

(cm2) 

Mean force used 

in trials (N) 

Pressure (Pa) Mean pressure 

(Pa) 

Monodonta 

 

1b (Tai Tam) 2.0220 2.70 1.335 

1.221 1b (Tai Tam) 2.1659 2.50 1.154 

1b (Tai Tam) 2.1321 2.50 1.173 

2a (Shek O) 1.0130 1.54 1.520 

1.232 2a (Shek O) 1.2887 1.30 1.009 

2a (Shek O) 1.5410 1.80 1.168 

2b (Shek O) No data obtained due to inactivity of snails / 

Thais 

 

1b (Tai Tam) 1.4521 5.00 3.443 
3.758 

1b (Tai Tam) 1.5960 6.50 4.073 

2a (Shek O) No data obtained due to inactivity of snails / 

2b (Shek O) 1.8200 2.60 1.429 
1.304 

2b (Shek O) 1.6980 2.00 1.178 
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Lunella 1b (Tai Tam) 1.3263 2.5 1.885
1.895

1b (Tai Tam) 1.1815 2.25 1.904

2a (Shek O) No data obtained due to inactivity of snails /

2b (Shek O) No data obtained due to inactivity of snails /

- For Monodonta snails, the mean foot suction pressure of the snails captured in Shek O rock pools (site 2a) is greater than 

that of snails captured on Tai Tam rock with oyster colonies (1b).

- For Thais snails, the mean foot suction pressure of the snails captured in Tai Tam (1b) is greater than that of snails on the 

boulder shore (2b).

- For Lunella snails, only the mean foot suction pressure of the snails captured in one site, Tai Tam rock (1b) could be obtained. 

No data is up for comparison and discussion.

A. Comparison (Effect of Wave Action on the Sucking Pressure of Snail)

VI. Discussion

Before this experiment was conducted, it was reasoned that the snail that has a larger foot suction pressure shall attach more 

firmly onto the rock surface, be more resistant to the pounding of waves, and hence has a greater chance of survival against 

wave action. By natural selection, in a site where the wave action is more violent, resistance to wave action plays a larger 

factor in the snail’s survival. The snails that have a larger foot suction pressure shall survive in greater numbers, which is also 

to say that the snail population that inhabits a site with greater wave action will have a larger average foot suction pressure.

From the experimental results, it is seen that the Shek O Monodonta snails have a slightly larger average suction pressure 

than the snails captured at Tai Tam. Since Shek O is subjected to more violent wave action than Tai Tam, this result can be 

explained by the theory of natural selection stated above. The more violent wave action causes the snail population at Shek O 

to consist of larger numbers of snails that have a high suction pressure than those that have a low suction pressure.

However, the results for Thais snails do not agree with that for the Monodonta. The snails captured from Tai Tam have a much 

larger average foot suction pressure than those captured from Shek O boulder shore. This result would indicate either that a 

large experimental error exists, or that the other factors are present that influence the average foot suction pressure of a snail 

population, or both of the above.

A large experimental error may have been induced if 1) the difference in force caused by the size of the snail has not actually 

been eliminated by dividing it over surface area of foot and 2) the snails were unhealthy and inactive after capture. This is 

discussed in B. Sources of Error 

Apart from this, other factors, other than difference in wave action, may be present at Tai Tam and Shek O that has caused the 

difference in average foot suction pressure. For example, it was observed that large crabs, which prey on the Thais snails, 

occurred more frequently on the Shek O boulder shore than in Tai Tam. The snails in Shek O, in order to avoid predators, may 

have developed a higher sensitivity to touch, since the snails that retract their muscle feet into their shells more quickly 

would have a higher chance of survival from predators. In that case, the foot suction pressure is also likely to be smaller. 

section below.
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Predation would then be playing a more important factor in the snail’s survival than wave action. 

 

Summarizing the results, no conclusion is therefore drawn regarding the effect of wave action on the suction pressure applied 

by a sea snail. Further repetitions of the experiment are suggested to achieve higher reliability and accuracy. 

 

 

 

 

B. Sources of Error 

1. The pressure applied by the snails may not be directly proportional to the surface area of their foot. The mathematical 

relationship may be exponential rather than linear. In that case, the assumption that “the difference in force caused by the size 

of the snail has been eliminated by dividing it by surface area of foot” is actually an unreasonable one. 

It is suggested that, with a larger number of data, the snails should be grouped into three groups according to their size. 

This shall reduce the individual error among snails of different sizes and hence reduce the deviation, which can lead to 

greater accuracy. 

2. The snails were detached vertically from a glassy horizontal surface against gravity action. This may introduce a 

percentage error due to difference in the weight of snails. In their natural habitats, the actual rock surfaces for snail 

attachment have variable slopes and are seldom smooth. In Shek O, in particular, the rock surfaces tend to be vertical rather 

than horizontal. 

It is suggested that the experiment should be repeated detaching the snail from a vertical surface applying a horizontal 

force. 

3. It was assumed that the snails were still in good health after one day of captivity. However, during experiment, it was 

observed this may not have been the case. The Thais snails from Shek O were observed to move slowly and open their 

operculum with reluctance after having been captured. especially inactive. Inactivity of the snail causes underestimation of 

that snail’s suction pressure. 

It is suggested that the active state of the snail should be quantified. e.g. by measuring the time required for snail to open 

its operculum after transference to the beaker. 

4. The maximum force applied was quickly read from the Newton’s balance within 1 second right before the snail’s 

detachment. The reading is then subject to experimental error. 

It is suggested that a video should be taken of the movement of the Newton scale bar so that the maximum force attained 

can be read with greater accuracy. 

5. Measurement error: 

Estimation of error in: 

I)  Area on graph paper = 0.2 x 0.2 = 0.04 cm2 

II) Force applied by Newton’s balance scale = 士 0.1N 

Estimated maximum percentage error due to measurement 

= (Maximum error / smallest datum obtained) x 100% 

= [(0.1 / 1.30) + (0.04 / 1.0130)] x 100% 

= 11.64% 
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Concluding Remark 

No definite conclusion was drawn for both Part 1 and Part 2 of our field study. We were unable to verify the influence of 

natural selection over the shell shape of the snail or the suction pressure of the snail foot in a snail population, under 

different degrees of wave action. However, explanations were given to interpret the results whenever possible. Reliability of 

data and sources of error in the experimental methods were evaluated. 

 

 

1) Does frequent crab predation affect the sensitivity of a snail population towards touch? 

Further Investigation Suggestions 

2) Does the high crawling speed of the Monodonta snail help it to escape violent wave action? 

3) The Tai Tam Thais have much higher foot suction pressure than the other two species, Lunella and Monodonta, which are 

grazers of sea plants. Is this related to the eating habit of Thais snails , which feed on oysters and mussels by attaching to the 

prey and boring their shells? (Foot suction pressure of predator snails and grazer snails inhabiting the same site may be 

measured for comparison) 

4) Thais snails were observed to frequently attach to one another’s shells. Does this aggregation behaviour help them to 

avoid wave action? 

 

 

References 

Websites: 

Nucellus lapillus: relationship between shell shape and wave action 

http://www.glaucus.org.uk/Dogwhelk.htm 

Nucellus lapillus: study on snail shell variation 

http://www.marlin.ac.uk/species/adult_gen_Nucellalapillus.htm 

Google Map 

http://maps.google.com.hk/ 

R2 value definition and function: 

http://phoenix.phys.clemson.edu/tutorials/excel/graph.html 

Crab predation on dog whelks 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T8F-49NVMGM-4&_user=10&_rdoc=1&_fmt=&_ori

g=search&_sort=d&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=013c328c277f053fa1307

5460d0a09c9 

Books: 

Photographic Guide Series to Hong Kong Nature ○9  Hard Shore Organisms – Rocky shore and Boulder Shore 




