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1. Abstract 
 

Clithon oualaniensis (C. oualaniensis) is classified under the family Neritidae. It is a species of shell whose shell patterns are 
highly polymorphic, that is, no two shell patterns are identical.   
Our objectives are to generalize all the patterns and find out the frequency of each morph, study the relationship between the 
external environment and the distribution of C. oualaniensis and its morphs, and to study the possible relation between the shell 
patterns and the ability of the snails to avoid predation.   
C. oualaniensis were collected in 2 areas: The mangroves at Tai Tam Harbour and Tung Chung Bay. Their distribution. The 
polymorphic morphs are sorted and the abundance of each morph were evaluated.  It was followed by analysis about how they 
were influenced by physical factors. A predator simulation experiment was carried out to find out the “camouflage ability” of shell 
pattern for each morph.   
In the study, it was found that snails were more abundant near the water front associated with greater amount of coarse sand. 
The abundance of two particular morphs are influenced by two distinguish physical factors respectively, while the patterns of 
three morphs show high degree of camouflage. We also found one predator of C. oualaniensis when observing the specimens, 
the small blue moonshell, Natica gauttieriana. 
 

2. Introduction 
 

2.1 Introduction to research topic   
During the field trip to Tai Tam last year, we found that the local organisms and sceneries are unique and extraordinary. Among 
the organisms, we were especially interested in Clithon oualaniensis (C. oulaniensis) as we were amazed by the beautiful shell 
patterns. Picking up the shells, we found out that no two shells have the same pattern exactly. Inspired by our biology teacher, we decided to search for more information about shell patterns of this species, later, we found that this situation is described as 
polymorphism. Hence, we developed curiosity in studying the relationship between the highly polymorphic patterns and their 
possible correlation with the abiotic factors.  
We found a classic study from the UK about the polymorphic shell patterns of Cepaea nemoralis 1., the British land snails, 
showing that particular morphs (shell phenotypes) have higher abundance in one habitat than another. Thus the polymorphism 
in Cepaea nemoralis is observed only over a wide geographic range. Interestingly, through our observation, we found that 
things go another way round in C. oualaniensis. Even within a very narrow geographic range (e.g. a 50cmx50cm quadrat), the 
polymorphism is still very high.  
Hence, we developed curiosity in the possible adaptations of such highly polymorphic characteristics in C. oualaniensis. Since 
this species is small in size, it may be a food source of other organisms. Previous studies 2. found that their predators include 
hermit crabs which may have colour preference. Therefore, we decided to study the possible predators of this species in Hong 
Kong and, if possible, the correlation between the predation relationship and its high degree of polymorphism. 
 
C. oualaniens belongs to the Family Neritidae, which, in Greek, means “Sea God”. Also, since no two shell patterns are identical 
in colours and shapes, we use “rainbow” to describe its wide range of morphs . Furthermore, since its patterns may possibly be 
an adaptation strategy, we named it as “rainbow jersey”(彩虹戰衣). 

 
2.2 Biological terms 
 

2.2.1 Polymorphism   
It is a discontinuous genetic variation resulting in the occurrence of several different forms or types of individuals among the members of a single species. A discontinuous genetic variation divides the individuals of a population into two or more 
sharply distinct forms, described as morphs. For C. oualaniensis, its shell pattern is highly polymorphic.1. 

 
2.2.2 Pseudoploymorphism   
It is a kind of polymorphism, but is arisen by the interaction between polygenic inheritance and environmental conditions. For C. oualaniensis, some of its shell patterns showed either smooth transition or abrupt change in pattern after the shell is 
damaged and regenerated 2. . 

 
2.3  Objectives  
1) To study the relationship between the external environment and the distribution of C. oualaniensis. 
2) To find out the proportion of each morph and its relationship with physical factors. 
3) To find out its possible predators. 
4) To study the relationship between the shell patterns of C. oualaniensis and its possible ability to avoid predation. 
5) To find out whether the shell pattern is produced by pseudopolymorphism.  
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2.4 Research questions 
 
(1) How is the distribution and patterns of shells affected by salintiy, water content, pH and soil particle size? (2) How many different morphs of the shell pattern of C. oualaniensis can be found on the shore of Hong Kong? 
(3) Is there a dominant morph? 
(4) Is the shell pattern related to camouflage? 
(5) What is the predator of C. oualaniensis? 
(6) How many damaged snails have regenerated a new shell pattern?  
2.5 Background information of C. Oualaniensis   

2.5.1 Classification 
 
The species is classified under the Genus Clithon, belonged to family Neritidae, grouped in Order Cycloneritimorpha, which is in Class Gastropoda under Phylum Mollusca and in Kingdom Animalia.2. 
 
2.5.2 Distribution and Habitats 
 
It is very abundant in mangrove, common on sandy shore, shell, seaweeds and hard cover where fresh or brackish water 
runs off or spreads over 3.  . 
 

 
3.  Methodology 

 
3.1 Studying the distribution of C. oualaniensis with various physical factors 
 
In order to find out the relationship between distribution of C. oualaniensis and the abiotic factors (i.e. salinity, pH, water content 
and particle size), C. oualaniensis were randomly sampled by collecting them along belt transects. The abiotic factors are 
collected from or measured at the study sites directly. Then, their correlation were found by a mathematical approach, which would be explained in section 3.4. A scale of different morphs was established by referring to previous studies and our own 
observation, the snails were then sorted according to the established scale. The proportions of different morphs were measured 
by counting the number of different morphs. The correlations between physical factors and the morphs was found also by the 
same mathematical approach. 
 
For C. oualaniensis, according to a page about C. oualaniensis in the website “taxo 4254”, it was suspected that when the 
predators (it was believed to be hermit crab) catch the snails and leave scratches on the shell, the shell pattern on the shell may 
change to another kind. 
 
It was hypothesized that, the scratches on the shell provide a chance of shell regeneration, in which during the regeneration 
period other environmental factors may play a role in influencing the change of shell pattern, this situation is said to be 
pseudopolymorphism. The number of shell which undergoes this change and those with transition of patterns were recorded. 
This is to show if this is a rare event.  
In order to recognize whether C. oualaniensis demonstrates camouflage. The number of each morph collected by a student 
within limited time given was recorded to see which morph have higher chance to evade from predators.   
3.2 Working Plan  
Three field studies were conducted, two were being carried out at Tai Tam Harbour on 11/2/2016 and 13/3/2016, while one was 
conducted at Tung Chung Bay on 22/2/2016. 

3.2.1 Field study 1 and field study 3 (Tai Tam Harbour) 
 

1) Belt transect A in the length of 70m and belt transact B in length of 70m were carried 
out along the white routes respectively (along the shore towards the waterfront) shown 
in Map 1 on 11/2/2016.  
2) The quadrats, which were in the size of 50cmx50cm, were put along the belt 
transacts. A quadrat was put every 10 m on the same side of the transect opposite to 
the side we walked to minimize disturbance to the sampling area. 
3) C. oualaniensis were collected within the quadrats. 4) Soil sample was collected within the quadrats using plastic vials pushing vertically 
into the soil in the same spot inside each quadrats. 
5) In order to collect a larger number of shells for a more reliable identification of the 
morphs, two special quadrats, X1 and X2, were put in regions with particularly high 
density of snails respectively. 6) The number of pebbles with width greater than 2cm in size were counted at each 
quadrat. 
7) The temperature of the soil surface was measured by putting a thermometer on the 
surface of the soil. Water samples were collected from both water supplies near the sea 
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and near the water pipe to measure the salinity. Hermit crabs were collected from the 
shore.  
8) Getting back to school, the shells were kept in the water bath which stimulated their 
habitat, by adjusting the salinity with artificial sea water so as to ensure the results obtained were not affected by the artificial environment. 
9) The pH values of the soil samples were measured. The soil collected from each 
quadrat was put into the Petri dishes with dry pH paper placed at the bottom and filter 
paper placed on top of the pH paper. The soil was pressed. Then the colour of pH paper 
was compared with the chart, to find out the pH of the soil. 10) The soil sample was put into a measuring cylinder with 200mL of water. It was 
shaken so as to make it uniform, making it easier for us to separate the particles of 
different sizes. It underwent sedimentation for a few days. The particles of different sizes 
was estimated by the volume of the sediment in the measuring cylinder. The particle 
size was measured by collecting samples from the two layers of sediments in the 
measuring cylinder and observing the particles under a microscope. The sediment samples were then sieved and the dry weight of the sand above 2 mm in diameter was 
measured for each sample. The volume of sand (width> 0.5 mm) and silt (width ≤ 0.5 
mm) were measured afterwards.  
11) The layer of coarse sand (width≥ 2 mm) were then got out and put into the oven to 
dry at around 100 ℃ for 24 hours. The sample were then taken out, the weight of them were recorded by electronic balance. These steps were repeated for another 24 hours to 
see if there was a significant drop in weight of the sample to ensure that the weight 
taken was of the dry soil without any water. 
 
12) Belt transect F in the length of 71.11m was carried out along the white routes (along 
the shore towards the waterfront) shown in Map 1 on 13/3/2016. The transect F was laid 
down near the outlet of a stream. 
13) Steps 2 to 4 were repeated for the collection of shells along belt transact F. 
14) One special quadrat, X5, was put along the little stream. 
15) The fresh and dry weight of each sample was measured to estimate the water 
content.  

 3.2.2 Field study 3 (Tung Chung Bay) 
 
1) The collection along the belt transect was carried out as shown in Map 2 on 
22/2/2016. Three belt transects, C,D and E, in the length of 26m, 20m and 20m 
respectively were carried out along the shore towards the waterfront.  2) The quadrats, which were in the size of 50cmx50cm, were put along the belt 
transacts. The distance between quadrats was 5m. In order to collect a larger number of 
shells for a more reliable identification of the morphs, two special quadrats, X3 and X4, 
were put near the outlet of a little stream 
3) C. oualaniensis were collected randomly at different places so as to enlarge our 
sample size to have higher reliability. 
4) Soil samples were collected within quadrats using plastic vials pushing vertically into 
the soil.  
5) The number of pebbles with width greater than 2cm in size were counted at every 
quadrats. The salinity of water sample was measured using a refractometer.   
6)Steps 8 to 11 in field studies 1 and 3 were repeated 

 (Fig. 1) Measurement of pH 
 

 (Fig. 2) Sedimentation 
 

 (Fig. 3) Sieve 
 

  
 

 
3.3Study of the abundance of different shell patterns and its possible relation with predation  

3.3.1 Preparation of Specimen  
 
Originally, it is expected that the shells could be sorted and data were collected before the shells died so that they could be 
released. Unfortunately, time was insufficient. They can only be preserved as specimens.  
3.3.2 Classification of different morphs 
 
In the first field study, we have collected 1458 C. oualaniensis, as the larger sample size increases the reliability of our 
research. The shell pattern of each snail was observed with the use of dissecting microscope. They were sorted according 
to a scale table, which was shown in the appendix. The number of different morphs were counted and recorded in tables. The scale was established with reference to previous studies 2.  and our own observation.  
3.3.3 Measurement of size of shells 
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For each site, about 60 C. oualaniensis and about 60 Clithon faba (C. faba) were 
randomly chosen. The Vernier Caliper was used to measure the width of shell. An 
example of measurement is shown in the following photos.  

 (Fig. 4) Measurement of shell size 
3.3.4 Experiment on finding the predator of Clithon oualaniensis 
 
Hermit crabs collected from Tai Tam Harbour during field study 1, were put in a water tank. Several C. oualaniensis were 
chosen randomly and put in the tank. After one week, it was observed if the hermit crabs consumed any C. oualaniensis.   

 
3.3.5 Experiment on studying the relationship between morphs and camouflage 
 A predator simulation experiment was carried out during the third field study (13/3/2016). It was to find out how attractive 
the morphs of C. oualaniensis are under the human eyes. A member of our team was asked to pick up the species in one 
minute inside quadrat F20. The number of each morph was recorded.  The above process was repeated in quadrats F30 
and X5.  

 
3.4 Methodology of Data Ttreatment  

 
3.4.1 Modification of data  
 
To make the data comparable, modifications of the data were required. Firstly, the percentage by volume in the sample of silt and sand were found.  
 
Secondly, it was assumed that the mass of coarse sand (M) was directly proportional to the volume of sand and silt (S) in 
the same quadrat. Hence, the adjusted mass of coarse sand (M’) was adjusted by the following formula:    M’=MS/50 
Thirdly, the proportions of different morphs of C. oualaniensis in each quadrat were converted into percentage. Forthly, the 
overall proportion of each morph in this study was founded and calculated.   
In addition, the proportion of damaged C. oualaniensis, which had regenerated new pattern, and those with transition 
patterns were calculated by dividing the number by total number of C. oualaniensis in this study.  
 
For the predator experiment (3.3.5), the number of C. oualaniensis our member collected was divided by that of the morph 
in the quadrat. This gives the proportion of morphs collected by the member. Then the average and standard deviation of 
each morph were evaluated, so as to compare with one another. To ensure reliability of the results, if the number of C. 
oualaniensis of a morph in quadrat is zero, the average and standard deviation of that morph will not be calculated. The 
lower the mean, the more capable of that morph can evade from predators. 

 
3.4.2 Correlation test  
The strength of correlation is represented by Pearson product-moment correlation coefficient. The range of the coefficient 
is from -1 to 1. 1 is total positive correlation, 0 is no correlation, and −1 is total negative correlation. It is used to find the 
correlation between  

 
A .distribution of C. oualaniensis and the physical factors 
B .top 5 abundant morphs and the physical factors 
 

Furthermore, in the test using Student’s t-distribution, the null hypothesis is set as ”the correlation between the two data 
under comparison is zero”. If the p value, with respect to t, is less than or equal to 0.05, then null hypothesis is rejected, 
and the correlation between the two data under comparison is not zero; otherwise the null hypothesis cannot be rejected 
and the correlation is statistically insignificant.   
The data were computed by the software R, which will show the correlation coefficient and the correlation test.  

 
    4. Results 

4.1 Physical factors 
 
The physical factors were collected to find out the correlation between them and the number of Clithon oualaniensis.   
The range of temperature is 15-20°C. 
The range of salinity is 21%-35%, with the lowest near fresh water output and highest near low tide mark.   
The pH is generally neutral. The range is 5-8.  
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The water content is around 20%. Since it was raining and the collection of sample was carried out during ebb tide, the water 
content results may not be able to represent the condition during a hot summer day.   

 (Table1)  

(Graph 1) 
 

(Graph 2) 
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Graph 1: The percentage of silt ( ≤ 0.5 mm) in soil along belt transects
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 (Table2)  

(Graph 3) 
 

 

 (Table3)  
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(Graph 4) 
 
      4.2 Correlation between physical factors and distribution of Clithon oualaniensis 

  TC was not included as the samples were not collected from particular quadrats.  (Table4)  

(Graph 5) 
Only C. faba could be collected along transects D and E. 
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From graph, it is evident that the number of C. oualaniensis increases when the location of collection is closer to water front.  
(For convenience, denoted the p value between variable A and B as p(A~B))  
p(number of C. oualaniensis~ number of coarse sand) is equal to 0.01, which is less than 0.05. The null hypothesis is rejected, and the correlation coefficient is 0.43.  
 
For the other trials, the p value is greater than 0.05, and the null hypothesis cannot be rejected. They are statistically insignificant.  
As the correlation is relatively stronger than the other physical factors, the relative mass of coarse sand is directly proportional to 
the number of C. oualaniensis. Details of the statistical analysis can be found in Table 16 and Graph 6 in the appendix.  
4.3 Correlation of proportion of morph and physical factors 

  

  (Table5) (* The photos with high resolution of shell morphs can be found in the online album, the link is listed in Appendix.) 
 

It was found that MC (18.11%), BM (7.00%), PCNM (6.31%), G (5.49%) and A3 (4.60%) were the top five most abundant 
morphs. The correlation between their proportions and physical factors were found by correlation test.    

 *randomly sampling in Tung Chung Bay, Tung Chung during field study 2 (22/2/2016) 
-The quadrats, in which no C.ouanlaniensis belongs to any one of the above morphs, are omitted here. 
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(Table6)  
(For convenience, denoted the p value between variable A and B as p(A~B))  
p(number of pebbles~ proportion of A3) is equal to 0.001, which is less than 0.05. The null hypothesis is rejected, and the correlation coefficient is 0.708.  
 
p(relative mass of coarse sand~ proportion of BM) is equal to 0.003, which is less than 0.05. The null hypothesis is rejected, and 
the correlation coefficient is 0.654. 
For the other trials, the p value is greater than 0.05, and the null hypothesis cannot be rejected. They are statistically insignificant.  
Thus the proportion of A3 is proportional to the number of pebbles, and the proportion of BM is proportional to the relative mass 
of coarse sand.  
 
   4.4 Predation experiment  

 (Table7) 
The species of hermit crabs collected were identified as above shown.4. In the experiment, no Clithon oualaniensis were 
consumed by the two species of hermit crabs. Thus, Pagurus trigonocherius and other Pagurus sp, may not be the predators of 
Clithon oualaniensis.   

 (Table8)  
Morph A1,T, LW had the lowest proportion collected by our member, which shows that these patterns could help them evade 
predators (i.e. camouflage)  
4.5 Pseudopolymorphism  

 (Table9)  
The percentage of damaged shells with regenerated patterns is almost zero, thus it is a rare event.   For those showing transition patterns, it is less than 10% of the total number of C. oualaniensis. It is considered as rare as well.   
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4.6 Discovery of possible predator 
 
During the sorting of the shell, a few empty shells of C. oualaniensis were found to have a hole on each of their shells. The mark 
is believed to be left by predation of Natica gauttieriana (common name: moonshell), by observing the bite mark on the dead shell of C. oualaniensis.  

 (Fig. 6) C.oualaniensis suspected to be attacked by small blue moonshell 
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-

 (Fig. 7) Mind map showing the evolution of shell morphs. We  found that all morphs start with a basic pattern- axial, afterwards, the morphs are formed by modifying axial 
pattern through different approaches. There are a total of  39 morphs.
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5.Discussion  
5.1 Correlation between distribution and physical factors 
 
The number of the C. oualaniensis is directly proportional to the amount of coarse sand. As coarse sand has a relatively large 
diameter, it can hide the snails from predators to a greater extent, comparing with sand and silt. Also, the colour of the coarse sand 
is similar to that of most snails. When the amount of coarse sand increases, the snails are less likely to be discovered. In addition, 
when it is closer to water front, the relative mass of coarse sand increases (according to graph3). So C. oulanaiensis is more 
abundant when it is closer to the water front.    
However, it is also possible that this relationship is a coincidence, or the number of C. oualaniensis and amount of coarse sand is 
influenced by other underlying factors. A larger sample size (i.e. more quadrats) is required to increase accuracy of the results.   
For the other physical factors, they show insignificant correlation with number of C. oualaniensis. However, the probability of the 
existence of correlation between them is still over 50%. It cannot tell whether they have influences on the distribution of the snails.  
In addition, according to table 23, the number of C. oualaniensis collected in each trip in Tai Tam Harbour was greater than that in 
Tung Chung. With reference to table 10, the salinity in Tung Chung on the shore was lower than that in Tai Tam Harbour. 
Therefore the salinity may reduce the number of C. oualaniensis. But this requires verification with the aid of more study on more 
different sites showing various salinities, so as to compute a correlation test in the future.   
5.2 Correlation between physical factors and different morph 
 
MC, BM, PCNM, G and A3 are the top 5 abundant morphs in the whole study. However only the abundance of A3 is related to 
number of pebbles while BM is related to relative mass of coarse sand. For other morphs, no conclusion can be drawn. This shows that some morphs may be influenced by different physical factors, while some are influenced by other factors. While MC, being the 
most abundant morph, it is suggested that the numerous tongue patterns may look like the sand particles, providing a better 
camouflage.  
The correlation test can only detect linear correlation, which may ignore other types of correlation (e.g. those in the shape of curve). 
However, this is already a convincing parametric test as far as we know. For the tests which requires more advanced knowledge, 
they may be used by experts in future studies.   
5.3 Predation experiment 
 
At first, we suspect that the damage made on the shell is caused by the attack of hermit crab according to previous research paper, 
but as we found that hermit crab in Hong Kong is most probably not the predator of C. oualaniensis, and suspected small blue 
moonshell (Natica gauttieriana) to be the predator, as we only collected two species of hermit crabs in Hong Kong, we cannot make sure that all hermit crabs are not predators of the snail, however, the bite mark observed on the dead shells of C. oualaniensis to a 
large extend confirm that small blue moonshell is one of the possible predators of C. oualaniensis, however, as it has a habit to 
burry itself in sand, and rarely go to the land surface, it may probably hunt with touch rather than using sight. Thus, the predator 
that has a potential to influence the frequency of the morphs is still unidentified.  
Our hypothesis on the correlation of morphs and camouflage suggests that the most abundant morph has most probably the 
highest survivability. However, during the camouflage experiment, it is found that the least picked up morphs are T and LW, which are both not the top five abundant morphs, this is contradictory to our hypothesis.  
Possible errors in this experiment include: 
 
1. C. oualaniensis may be easily confused with C. faba, especially the immature ones, and our identification of the snails down to 
species level may not be completely accurate. 2. Since the hermit crab species we found was not the predator of the snail, a group mate had taken the role of the species. 
However, the sight of our group mate may not be the same as that of the predator, thus an inaccurate conclusion may be drawn  
3. The classification of patterns of the shells may be subjective to people, leading to an inaccurate result. Thus, an inaccurate result 
such as the major abundance of morph may be inaccurate. 
4. The collection of C. oualaniensis was carried out on a rainy day. It may increase the difficulty in collecting the snails.  
5,4  Pseudopolymorphism  
According to the table 9, as there were only a few damaged shells regenerated new patterns, it can be deduced that environmental 
disturbances could not cause change in shell patterns. This proves that the effect of pesudopolymorphism is not significant. But 
since the number of damaged shells without regeneration of new pattern is not recorded, using the total number of C. oualaniensis 
to calculate the proportion may hinder the accuracy of this result. A larger sample size (e.g. 5000 shells) can increase the accuracy 
of the results.   
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5.5 Further Inquires 
 
1. As the study of polymorphism is related to genetics, DNA analysis of C. oualaniensis can be carried out to see whether the 
polymorphism is due to certain genotypes or environmental disturbances which cannot be achieved in this study due to limitation of 
apparatus. We could only study the possible phenotypes (morphs) in this study, but not reaching to the molecular level. 
2. There may exist some causes for the polymorphism in C. oualaniensis other than physical factors that we studied, again, we 
could only investigate on a few abiotic factors due to the limitation of apparatus and time, further studies could be carried out to 
consider a wider range of abiotic factors so as to give a more detailed image of the correlation between the morphs and the 
environment. 
3. Whether the morphs are for camouflage or not is still a mystery. Long-term studies could be carried out to find out the other 
possible predators of C. oualaniensis, so as to verify the use of morphs as camouflage. Again, this could not be achieved in this 
study due to the lack of time and resources. 
4. How the moonshell predate the snails on the substratum surface is an interesting question, as moonshells usually burry 
themselves in the substratum. Investigations could be carried out to study the habits of bith moonshell and C. oualaniensis more thoroughly. 
5. It was observed that large quantity of C. oualaniensis usually associate with several C. faba. The relationship between the 
Clithon species would be an interesting direction of further investigation through long-term approach.  
6. Conclusion 
 
Through the investigative study, we found that C. oualaniensis distributed mainly in the eastern part in Hong Kong comparing the two sites, Tai Tam Harbour and Tung Chung Bay. C. oualaniensis is distributed mainly near the fresh water supply stream as the 
snails in Tai Tam Harbour is more abundant. Beside, the distribution of C. oualaniensis is also directly proportional to the amount of 
coarse sand. Lower salinity may also lead to a lower abundance of C. oualaniensis.  
The morph with the highest consistent abundance is MC. The abundance of morph A3 increases with the number of pebbles while 
that of morph BM increases with relative mass of coarse sand. For the other morph, no conclusion can be drawn between their 
abundance and physical factors.   
And according to our experiment, the predator is probably not the two hermit crab species for the morph in our investigation and 
instead it is suspected to be moonshell. Also, after our experiment, morph T and LW are found to have the least chance consumed 
by its predator suspected because of camouflage and our hypothesis that the most abundant morph has most probably the highest 
survivability is rejected. Furthermore, in refer to our objective, it is shown that pseudopolymorphism is not the most important factor 
leading to different variety of shell patterns.  
7. Bibliography 
 
1. Mader, Sylvia S. (1990) Biology (3rd ed.) Wm. C. Brown Publisher, ID: Dubuque, 316-319 pp.  
 
2. StellaTan(1831)CLITHON OUALANIENSIS (Lesson, 1831), Dubious nerite snail, from https://taxo4254.wikispaces.com/Clithon+oualaniensis?responseToken=09b6fedea5810cb7051adba9558de4a5e Retrieved on 
28/03/2016 
 
3. Nora F. Y. Tam and Y. S. Wong (2000) Hong Kong Mangroves, City University of Hong Kong Press, 93 pp. 

 
4. Morton. Brian, John Morton (1983). The Seashore Ecology of Hong Kong. Hong Kong University Press. 96-97 pp.  
5. H. Gruneberg (September 1982). Pseudo-Polymorphism in Clithon. oualaniensis. Retreived on 26/3/2016 from 
http://rspb.royalsocietypublishing.org/content/216/1203/147 
 
6. Pauline Fiene-Severns,Mike Severns and Ruth Dyerly(2004) Handy Pocket Guide to Tropical Seashells, from https://books.google.com.hk/books?id=TYrQAgAAQBAJ&pg=PT40&lpg=PT40&dq=moonshell+predation&source=bl&ots=TEX8GT
cESX&sig=MKPHVIByNcq2o0y8fLZd2ZQmRMs&hl=zh-
TW&sa=X&ved=0ahUKEwjHvviGmeDLAhVII6YKHfDlCWEQ6AEIKjAC#v=onepage&q=moonshell%20predation&f=false Retreived 
on 28/03/2016 
 
7. Griineberg, H. 1978 Micro-evolution in a polymorphic prosobranch snail (Clithon oualaniensis (Lesson)). Proc. R. Soc. Lond. B 
200, 419-440 pp. 
 
8. Griineberg, H. 1979 A search for causes of polymorphism in Clithon oualaniensis (Lesson) (Gastropoda; Prosobranchia). Proc. 
R. Soc. Lond. B 203, 379-386 pp. 
 
9. Griineberg, H. 1980 On pseudo-polymorphism. Proc. R. Soc. Lond. B 210, 533-548 pp.  
10. Griineberg, H. 1981 Pseudo-polymorphism in Nerita polita (Neritacea, Archaeogastropoda). Proc. R. Soc. Lond. B 212, 53-63 
pp. 
 



 

 16  

11. Griineberg, H. 1976 Population studies on a polymorphic prosobranch snail (Clithon (Picto-neritina) oualaniensis Lesson). Phil. 
Trans. R. Soc. Lond. B 275, 385-437pp 
 12. Vojtech turek and Stepan Manda (1839). Colour Pattern Polymorphism in Silurian nautiloid  
 
13. Zuzanna M. Rosin,Paulina Olborska,Adrian Surmacki and Piotr Tryjanowski(September 2011)Differences in predatory pressure 
on terrestrial snails by birds and mammals 
 14. D. Lewis and D. M. Hunt (1984) Hans Grüneberg. 26 May 1907-23 October 1982(from Biographical Memoirs of Fellows of the 
Royal Society, Vol. 30 (Nov., 1984), 226-247 pp. 
 
15. Central Limit Theorom,on http://www.math.nsysu.edu.tw/StatDemo/CentralLimitTheorem/CentralLimit.html ,retreived 
on26/3/2016 
 16. D. F. Owen (April 1966)Polymorphism in Pleistocene Land Snails( from Science, New Series, Vol. 152, No. 3718 (Apr. 1, 
1966), pp. 71-72) Retrieved on 5-12-2015 
 
17. H. Gruneberg(1982) Pseudo-Polymorphism in Clithon oualaniensis( from Proceedings of the Royal Society of London. Series 
B, Biological Sciences, Vol. 216, No.1203 (Sep. 22, 1982), pp. 147-157) 
 18. Peter F. Kasigwa and John A. Allen (August 2006) Quantification of shell banding polymorphism in the East African tree snail 
Sitala jenynsi(Pulmonata: Ariophantidae) 
 
19. Robert A. D. Cameron (December 2012) The poor relation? Polymorphism in Cepaea hortensis (O. F. Muller) and the evolution 
megalab 
 20. Dennis S. Hill and Karen Phillipps, 1981, A colour guide to Hong Kong Animals, Hong Kong Government Printer, 102 pp. 
 
21. Dennis S. Hill and Karen Phillipps, 1981, A colour guide to Hong Kong Animals, Hong Kong Government Printer, 92 pp. 
 
22. Yanjie Qin,Xiao Liu, Haibin Zhang, Guofan Zhang, Ximing Guo(12 December 2006)Identification and Mapping of Amplified Fragment Length Polymorphism Markers Linked to Shell Color in Bay Scallop, Argopecten irradians irradians (Lamarck, 1819).  
8. Appendix  
Mathematical details of correlation test 
According to Central limit theorem, it was assumed that the number of C. oualaniensis and the data of physical factors were 
approximately normally distributed, given that the sample size is large (there were physical factors for 35 quadrats, which is 
considered as large). For the analysis of correlation between physical factors and distribution, the Pearson product-moment 
correlation coefficient is used. It is a measure of the linear correlation between two variables. 

 
(Formula for calculation of  Pearson product-moment correlation coefficient)  

(correlation test using Student’s T-distribution)  

 (Table10)  
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(Table13)
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 (Table16) 
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 (Table18)  
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 Graph 7 the correlation between number of 
pebbles and proportion of morph A3 (left) 

 

 Graph8 the correlation between relative mass of 
coarse sand and proportion of morph BM (right) 

 
  

 (Table21)  

 (Table22) 
 

(Table 23)  
Online album of shell morphs: http://myalbum.com/album/L82hFkH1GSKz 


