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     ABSTRACT 
 For various reasons, there is a lack of seashells for hermit crabs to occupy. Artificial shells have been 

used as an alternative. This study on shell selection and growth rate of hermit crab (Clibranarius longitarsus) in 

natural and artificial shells was conducted to assess the suitability of artificial shells and ways in which they could 

be improved. Trays with empty shells for shell selection behavior test and aquarium glass boxes for hermit crab 

growth rate comparative study were set up in the laboratory. The chosen shells were determined after 2 hours and 

were set up for growth rate comparative study immediately. The preferred shell and size were determined by 

regression analysis. The growth rate comparative study was determined by one-way ANOVA. Hermit crabs 

showed no significant preference in natural shell pattern selection but there were differences in the choice of 

artificial shells. The crabs spent less time choosing natural shells to occupy than artificial shells. The preferred 

shell pattern both in natural and artificial shells was the globose pattern of the babylon shell.  The relationship 

between shell size and crab weight showed that natural babylon shell weight was highly correlated to crab weight 

at 95%. The very low relationship between artificial shell size and crab weight was exceptional. The internal 

volume/weight ratio of both natural and artificial babylon shells showed the highest ratios at 0.81 and 0.64 

respectively. There were significant differences in growth rate and survival rate. Hermit crabs living in natural top 

shells and babylon shells had the highest growth rate. Hermit crabs living in artificial shells had lower survival 

rates than natural shells. Hermit crabs living in natural and artificial shells had average survival rates of 71.33% 

and 44% respectively. 

 In conclusion, it seems that hermit crabs prefer to occupy natural shells than artificial shells because 

of the familiar color and shape.  

 The artificial shells in this study were not suitable to be used by hermit crabs. The artificial shells 

were of poor quality. Water absorption made them too heavy for the crabs. 

 Further study should be done to improve the shape, quality, pattern and texture of artificial shells so 

that they might provide attractive homes for hermit crabs.  
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บทคัดยอ 

การศึกษาครั้งนี้มีวัตถุประสงคเพื่อศึกษาการเลือกอาศัยและศึกษาเปรียบเทียบอัตราการเจริญเติบโตของ
ปูเสฉวนที่อาศัยในเปลือกหอยธรรมชาติและเปลือกหอยเทียม รูปทรงตางๆ 3 รูปทรง  ดําเนินการในถาดทดลองและใน
ตูกระจก เปลือกหอยธรรมชาติทั้ง 3 รูปทรงไดแก   รูปทรง conical จากเปลือกหอยนมสาว  fusiform จากเปลือกหอย
สังข และ globose  จากเปลือกหอยหวาน  เปลือกหอยเทียมที่สรางเลียนแบบเปลือกหอยธรรมชาติทั้ง 3 รูปทรงผลิตจาก
ดินผสมขึ้นรูปโดยใชวิธี  Solid casting การศึกษาพฤติกรรมการเลือกอาศัยดําเนินการโดยแบงเปลือกหอยออกเปน         
2  ชุด คือ เปลือกหอยธรรมชาติและเปลือกหอยเทียม แตละถาดการทดลองประกอบดวยเปลือกหอย 3 รูปทรง การเลือก
อาศัยพิจารณาหลังจากการทดลองผานไป 2 ชั่วโมง เปลือกหอยที่ถูกปูเสฉวนเลือกอาศัยจะถูกนํามาศึกษาเปรียบเทียบ
อัตราการเจริญเติบโตในตูกระจกระยะเวลา 4 เดือน ผลการศึกษาพบวา ปูเสฉวน Clibranarius longitarsus เลือกอาศัย
ในเปลือกหอยหวานมากที่สุด ทั้งเปลือกหอยธรรมชาติและเปลือกหอยเทียม คิดเปน 33.3% และ54% ตามลําดับ และ
พบวามันใชเวลาในการเลือกอาศัยในเปลือกหอยธรรมชาตินอยกวาเปลือกหอยเทียม ความสัมพันธของน้ําหนัก
ปูเสฉวนกับน้ําหนักเปลือกระหวางปูเสฉวนกับเปลือกหอยธรรมชาติ พบวา เปลือกหอยธรรมชาติรูปทรงหอยหวานมี
ความสัมพันธตอน้ําหนักปูเสฉวนสูงที่สุด  (R2 = 0.84,α = 0.05) ในขณะที่ความสัมพันธของน้ําหนักปูเสฉวนกับ           
น้ําหนักเปลือกหอยเทียมพบวาเปลือกหอยเทียมมีความสัมพันธตอน้ําหนักปูเสฉวนต่ํามาก (R2 = 0.10,0.20,0.03               
α = 0.05) อัตราสวนระหวางปริมาตรภายในตอน้ําหนักเปลือกหอยของเปลือกหอยธรรมชาติและเปลือกหอยเทียมของ
หอยหวานมีคาสูงที่สุด คือ 0.81 และ 0.64 ตามลําดับ  

อัตราการเจริญเติบโตและอัตราการรอดตายของปูเสฉวนที่อาศัยในเปลือกหอยธรรมชาติและเปลือกหอย
เทียม พบวามีความแตกตางอยางมีนัยสําคัญ ปูเสฉวนที่อาศัยในเปลือกหอยธรรมชาติรูปทรงหอยนมสาวและหอยหวาน
มีอัตราการเจริญเติบโตสูงกวาปูเสฉวนที่อาศัยในเปลือกหอยชนิดและรูปทรงอื่นๆ อัตราการรอดตายเฉลี่ยของปูเสฉวน
ที่อาศัยในเปลือกหอยธรรมชาติสูงกวาเปลือกหอยเทียม เทากับ 71.33% และ 44% ตามลําดับ 

 เปลือกหอยเทียมที่ใชในการศึกษาครั้งนี้ ยังไมเหมาะสมสําหรับปูเสฉวน เนื่องจากคุณสมบัติเฉพาะของ
เปลือกหอยเทียม เชน น้ําหนัก, ผิวสัมผัสภายใน จึงควรมีการศึกษาเพิ่มเติมเพื่อพัฒนาและปรับปรุงเปลือกหอยเทียมให
สามารถใชทดแทนเปลือกหอยธรรมชาติไดตอไปในอนาคต 
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CHAPTER I 

INTRODUCTION 
 

 

1.1 Statement of the problem  

 

         Hermit crabs are marine animals, including shrimps and crabs, in the class 

Crustacean. Their features are a cross between the shrimp and the crab, but they live in 

shells which serve as their mobile home. Their bodies are long and spiral, which 

snugly fit into empty shells. The gastropod shells afford hermit crabs protection from 

predators and unstable environments. Mostly, they live in top shells, babylon shells 

and conch shells. (1) 

Hermit crabs are important for the ecosystem. They are distributed on beaches, 

shores and including all coral reefs. They eat dead fish, meat and scavengers, and are 

the secondary consumers in the ecosystem, which make the energy flow and affect the 

ecosystem. (2) 

It is difficult to find hermit crabs on most beaches of Thailand these days, and 

this is ascribed to various causes such as the destruction of their natural habitats as a 

results of coastal development and shell collection activities, in turn leading to the lack 

of shells for the hermit crabs, making them settle inside electric bulbs, cans, film 

boxes and bottles.  These affect their growth and cause deformation.  

As a result of these problems, the Department of Royal Forestry initiated The 

Returning Seashell to Hermit Crabs Project. This project aimed to raise the public 

awareness on the importance of conserving the hermit crabs by donating gastropod 

shells to the natural sites. (1)     

         Pechenik and Lewis (3) reported that hermit crabs selected the shells which they 

would occupy based on shell morphology, size, weight, internal volume, center of 

gravity and shell condition. Hahn (4) reported that the shell selection behavior and 

environment varied in the studies, because the shell was the factor that seemed to 

affect the hermit crab population.  
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Natural shells are still collected and use for many purposes.  The lack of 

natural shells for hermit crabs still remains. Therefore, the appropriate shell patterns 

and shell selection behavior of hermit crab in Thailand should be of concern and 

research more.  Attempts have been made by this research to study the use of artificial 

shell as a substitute for natural shells. 

  

1.2 Conceptual framework  

 

 

    

 

 

 

  

 

  

   

 

 

 

 

 

Diagram 1-1 Conceptual framework  

 

1.3 Objectives 

 

1. To study the appropriate shell use patterns for hermit crabs.   

2. To study the difference in growth rates of hermit crabs in natural and artificial  

     shells. 

 

 

 

Shell selection 
behavior 

Natural shells 

and artificial shells 

in 3 patterns each 

A comparative study on 
growth rate in various 

shell patterns. 

Feeding and 
water quality 

control 

Appropriate shell type and shell pattern 

for hermit crab (Clibranarius longitarsus) 
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1.4 Hypothesis 

 

  The growth rate and survival rate of hermit crabs are affected by various shell 

patterns and shell types. 

  

1.5 Scope of the study  

 

1. This study is an experimental research, with trials done in 15x30x45  cm.  

     aquarium glass boxes. 

2. A comparative study of the growth rates of hermit crabs in natural and     

     artificial shells in three patterns was made.  The shell patterns were as  

     follows:  conical pattern from top shell (Trochus niloticus);   fusiform pattern  

     from conch shell (Strombus erythrinus);  globose pattern from babylon shell  

     (Babylonia areolata). 

3. The hermit crab species  used were Clibranarius longitarsus, with fixed sizes  

     by weight of 0.4-1.6 grams. 

4. Artificial shells made of compound soil at Material Laboratory, Faculty of  

           Science, Chulalongkorn University were used. 

 

1.6 Expected results 

 

Valuable information and data on the shell selection and growth rate of hermit 

crab in various shell patterns will be guideline for hermit crab conservation. 
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 CHAPTER II 

LITERATURE REVIEW 

 

The components of this study consist as the following: 

2.1 Biology of hermit crab 

2.2 Habitat and distribution of hermit crabs in Thailand 

2.3 Hermit crab behavior 

2.4 Hermit crab culturing 

2.5 Gastropod information 

2.6 Artificial shell production 

2.7 Relevant researches  

 

2.1 Biology of hermit crab 

 

2.1.1 Taxonomy of hermit crab  

Taxonomy of hermit crab samples in this study are as follows: 

   Family Coenobitidae  

          Subfamily Pagurinae 

              Order Clibranarius 

         Species  longitarsus 

 

Most hermit crabs have a soft abdomens which lack strong spiral shells for 

protection, leaving their fragments with no activities to be done. They have only one 

pair of big hook-like fragments that are used to catch the inside of shells.  They can 

easily move their head and body to outside of their shells, and they have only one big 

fragment to protect them from their enemies.  
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Figure 2-1 Hermit crab and its shell 

                          Source: http://www.mov.vic.gov.au/crust/hermbiol.html  (5) 

 

2.1.2 Important organs and characteristics of hermit crabs (6) 

 

Carapace is the strong shell that covers the head and abdomen. Carapace textures 

have vertical cannel upper the central for separation of the head and abdomen. 

Rostrum is part of the organ which appears in front of the carapace; it looks like a 

small triangle.  

Abdomen  is composed of six fragments which are soft and elastic.  They are used for 

moving into the hole inside the shell. The abdomen is covered by tergum. 

Telson is the next component from the abdomen.  

Eyes are compound eyes on two eyestalk, which are as follows:  

(1) The first looks like a small triangle, on top of the carapace -  it is  called 

ophthalmic scale; (2) the second  is part of the next fragment called cornea.  

Antennas are composed of two twin antenna called peduncle and flagella. 

Cheliped and periopod; the hermit crab has five twin chelips that are composed of 

coxa, baso-ischium, merus, carpus, prododus and dactylus.  

Pleopod, most of these are  abdomen components. 

Uropod is only one couple in the sixth fragment on left side tails. They are very strong 

and hard, and are used for clinging to their shell.  

Male gonopores are two holes under the coxa fragment (5th fragment). 

Female gonopores are two holes under the coxa fragment (3th fragment) 
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      Figure 2-2 Body of hermit crab  

                            Source: http://www.mov.vic.gov.au/crust/hermbiol.html  (5) 

 

Pitaksalee (6) studied hermit crab taxonomy in Thailand using a sampling 

survey of hermit crabs sampled around the 23 provinces of Thailand. There are  Trad , 

Rayong, Chanthaburi, Chon Buri, Chachoengsao, Samut Prakan, Samut Sakhon, 

Samut Songkhram, Phetchaburi, Prachuap khirikhan, Chumphon, Surat Thani, Nakhon 

Si Thamarat, Phatthalung, Song khla, Pattani, Satun, Narathiwat, Trang, Krabi, 

Phangnga, Phuket and Ranong.  

The ecosystem characteristics in these provinces differ: they may be estuarine, 

sand, coastal, mangrove, mid coastal, rock substrates, coral, port and beach. He found 

that hermit crabs are in superfamily Paguridae, 2 families, 2 subfamilies, 7 species, 28 

genus and 1 sub species as follows (table 2-1) :  

1. Family Coenobitidae  found 1 order 2 species 

- Order  Coenobita  found  C. rugosa  and C. cavipes 

2. Family Paguridae found 2 subfamilies   6 order  26 species  and 1    

    subspecies 

- Subfamily Pagurinae found 4 order 24 species  

- Subfamily Eupagurinae  found 2 order 2 species  and 1  subspecies   
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Table 2-1 List of hermit crabs in 2 families found in Thailand 
Family Subfamily Genus species subspecies 

1. Coenobitidae  1. Coenobita 1. Coenobita rugosa 
2. C. cavipes 

 

2. Paguridae 1. Pagurinae 1. Clibranarius 1. Clibranarius  infraspinatus 
2. C. padavensis 
3. C. striolatus 
4. C. longitarsus 
5. C. lineatus 
6. C. cruentatus 
7. C. arethusa 
8. C. merguiensis 
9. C. virescens 

 

  2. Dardanus 1. Dardanus  hessii 
2. D. imbricatus 
3. D. lagopodes 
4. D. megistos  

 

  3. Diogenes 1. Diogenes planimanus 
2. D. diogenes 
3. D. custos 
4. D. gardineri 
5. D. rectimanus 
6. D. avarus 
7. D. goniochirus 

 

  4. Calcinus 1. Calcinus laevimanus 
2. C. elegans 
3. C. gaimardii 
4. C. latens 

 

 2. Eupagurinae 1. Pagurus 1. Pagurus sp.  
  2. Spiropagurus 1. Spiropagurus spiriger 1. S. spiriger  profundorum 

Source: Pitaksalee (6) 

 

2.1.3 Reproduction system  

 

         There have been a few studies on hermit crab reproduction, most on Coenobita 

clypeatus which reproduce in the summer season through spring. They migrate from 

inland to coastal areas for reproduction. The period of migration may take from one 

week to one month, depending on the distance. 

Sometimes, hermit crabs reproduce during the migration period. Reproduction 

activities are begun by the male hermit crab, who will shake and touch the female shell 

to make the female come out from their shell to reproduce.  The female will come out 

(only ¾ of her body) and show its gonopore, into which the male will inject sperm. If 

the female do not want to reproduce, they will get return into their shells.  

         After reproduction, the female will release her eggs to fertilize with the sperm 

and move all eggs into the shell for protection and for emission keeping.  
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Hermit crabs will develop from brown to blue color in three weeks before 

becoming small crabs in the sea. 

 

    
        Figure 2-3  Hermit crab zoea 

                      Source: http://www.mov.vic.gov.au/crust/hermbiol.html (5) 

 

The eggs will generate to the first stage (zoea) at which there are 3 mm. in size 

and look like small shrimp. Zoea’s eaten small plankton in the sea. Predators and sea 

fish eat some of them. They are distributed by sea waves and sea currents.  

The zoea stage lasts for a period of 26 days.  They develop by molting, and 

increase in size (including their legs) during the molting time from zoea to post-larva 

stage. The genus glaucothoes especially look like hermit cras in the post-larva stage. 

From the post-larva stage they then generate to the juvenile stage after one month, 

molting for 2-3 times before becoming mature hermit crasb. For some hermit crabs, 

Coenobita clypeatus, it takes about two years to become mature. 

 

2.1.4 Sense organ  

 

          Hermit crabs have sense organs like other crabs.  They have long stalk 

compound eyes with which they can see very well, and in some species are able to 

detect movements 20-30 meters away. They have bristles and hair of varying lengths 

which are used as touch receptors. The bristles can occur all over the body but are 

always found in clumps on the walking legs. These bristles signal contagiously with 
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hard surfaces simply by bending, while the other shorter hairs are sensitive to water 

currents. Crabs can find food by using chemical stimuli. The antennae of hermit crabs 

are longer than the other crabs.  They also have smell detectors which can detect 

chemicals that stimulate food searching behavior. When similar detectors on the legs 

make contact with food, the chelipeds quickly grasp and pass the food into the mouth. 

The mouthparts have further receptors which are sensitive to particular chemicals. 

Anomurans rely on a combination of these sense organs to move around and find food 

as well as mates. 

   

 2.2 Habitat and distribution of hermit crabs in Thailand  

 

Hermit crab habitats are distributed on beaches and corals (2). Due to the nature 

of beaches being smooth without shelter, they dig holes and find shells to protect 

them. They usually stay in the shallows of the sea and feed by detritus. 

 

      
                        Figure 2- 4 Distribution of hermit crabs 

          Source: http://www.mov.vic.gov.au/crust/hermbiol.html (5) 

 

The above figure shows the distribution of hermit crab from coral to inland 

areas. Other hermit crabs can stay on coconut trees. The biggest hermit crab is Birgus 

latro.  

Pitaksalee (6) reported that hermit crab habitats are classified into two types: 

inland and sea. Most are found in coastal areas, especially inland. Hermit crabs found 

in the coast are those of the Family Coenobitidae but in the sea, hermit crabs are found 

in estuarine, sand coastal, mud, rocks and coral through deep sea which are those of 

the Family Paguridae.  
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Hermit crabs which are easily found in coastal areas are Clibranarius 

longitarsus. The three groups of hermit crabs in Thailand are those found in Andaman, 

Gulf of Thailand and between Andaman and Gulf of Thailand.  

 

Table 2-2 Hermit crabs found in Thailand defined by habitat 

Source species 

Gulf of Thailand 1.Clibanarius striolatus 
2.Clibanarius arethusa 
3.Diogenes planimanus 
4.Diogenes diogenes 
5.Diogenes goniochurus 
6.Pagurus sp. 
7.Spiropagurus spiriger 
8.S. spiriger profundorum 

Andaman sea 1. Clibanrius padavensis 
2. Clibanrius virescens 
3. Calcinus  laevimanus  
4. Calcinus elegans 
5. Calcinus gaimardii 
6. Calcinus  latens 
7. Diogenes custos 

Gulf of Thailand and Andaman sea 1. Coenobita rugosa 
2. Coenobita cavipes 
3. Clibanarius infraspinatus 
4. Clibanarius longitarsus 
5. Clibanarius lineatus 
6. Clibanarius cruentatus 
7. Clibanarius merguiensis  
8. Dardanus hessii 
9. Dardanus lagopodes 
10.Dardanus megistos 
11.Dardanus gardineri 
12.Dardanus rectimanus 
13.Dardanus avarus 

   Source: Pitaksalee (6) 
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2.3 Hermit crab behavior 

 

2.3.1 Shell selection and shell entry  

 

          Shell selection begins in the larval stage with the hermit crabs choosing from 

small to big sizes that depend on the size of their bodies.  Hermit crabs do not kill the 

shell host but will select only those shells without host. They choose shells from 

various conditions, and those which are clean and strong. Sometimes they change into 

new shells when they find better ones. Shells benefit the hermit crabs in that they are 

used for desiccation as well as offer protection.  

 

2.3.2 Mutual relationship with other animals 

 

         Hermit crabs live with other creatures for self-protection that is called 

commensalisms or parasitism. The relationship between hermit crabs and sea 

anemones is mutually beneficial because sea anemones obtain food from hermit crab 

activities while hermit crabs are protected by sea anemones.  

 

2.3.3 Multi crab interaction 

 

Multi crab interaction is natural shell-exchange described that the attacker was 

the crab that held and grabbed the shell and chelipeds of the crab that was withdrawing 

into its shell (the defender)(7). In natural interactions, when an attacking crab held the 

shell of a defender, this result in other crabs attaching themselves in a line behind the 

attacker crab (Figure 2-5). These multi-crab interaction’s and queuing crabs were 

termed “opportunistic” crabs. These multi crab interactions have also been described 

elsewhere in other hermit crab species.  
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Figure 2-5 Natural shell-exchange, multi crab interaction 

                                              Source : Osorno et. al.(7) 

 

2.4 Hermit crab culturing 

 

2.4.1 Hermit crab culturing  

 

        In Thailand there are no reports on hermit crab culture. Researcher have 

information on hermit crab culture by collecting hermit crab Genus Clibranarius 

longitarsus from Chang Island, Trat province on 26-27 February 2003. Hermit crab 

cultured was conducted on 1 –31 March 2003. The reports are as follow:  

 

          2.4.1.1 Experimental design  

 

        The experimental design was factorial, by genus of hermit crab being the 

dependent variable. Densities were 5 and 10 individual per box.  The shell patterns 

were of two types: tower pattern, and globose pattern.  Two replications of the 

experiment were done, with a total of eight experiment boxes. The body mass of the 

experiment boxes were as follows: 4.62, 4.85, 4.22, 5.51, 2.86, 2.97, 2.66 and 1.90 

mg./month, respectively.  

 

         2.4.1.2 Feeding  

  

        Hermit crabs were fed with instant shrimp food twice a day in the evening.  
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        2.4.1.3 Water quality and management  

 

        Salinity was 30 ppt (part per thousand) and water volume was 2,500 millimeters 

each glass box. Water was aerated and circulated twice a day. 

 

        2.4.1.4 Growth rate of hermit crab 

 

       Growth rate was measured by considering body weight without shell for one 

month from 28 February 2003 through 31 March 2003.  At the end of the period, 

boxes 1, 2, 3, 4, 5, 6, 7 and 8 showed respective growth in terms of body mass as 

follows:  4.80, 4.94, 4.27, 5.58, 3.22, 2.67, 2.75 and 1.94 mg./month. Growth rate was 

calculated by formula:  

 

 

   Growth rate    =  initiate weight – final weight  

  

     Culturing time   

 

Growth rates of hermit crab glass box No. 1, 2, 3, 4, 5, 6, 7 and 8 were 0.58, 

0.20, 0.19, 0.22, 1.16, 0.32, 0.29 and 0.12 mg./month, respectively.  

 

2.4.2 Important factors for hermit crab culturing  

 

Information on factors that have an effect on crab development was drawn from 

the literature review as well as from experimental reports, including those on feed, 

water quality and other factors. Some interesting factors in sea crab are discussed 

below.  

 

           2.4.2.1 Feed and behavior  

 

Marine crabs are detritus feeders; they also feed on other water insects.(2) 

Marine crabs will use their first leg to keep food passing through the maxilliped which 
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close the mouth to mandible. The mandible grounds their food before and through the 

cavity to the stomach. Stomach walls are composed of skeleton bones for girding and 

releasing enzymes for digesting from liver. Nutrients are absorbed into the artery 

around the stomach and intestine before these are sent to other organisms  in the body 

(2). 

The chemoreceptors are tasked with finding the food. After feeding, they need 

time for rest, usually for 3-5 hours, before they can find some food again.  

 

2.4.2.2 Digestive rate  

 

               The digestive rate is dependent on the type of food. If the hermit crabs eat fish, 

they will require four hours for 96% digestion. If they eat shrimp or crab, only 78% will 

have been digested after four hours. The difference for calcium compound will use 2-6 

days(1).  

 

2.4.2.3 Important factors to respiratory and excretion 

 

              Oxygen and nitrogen from crab exertion is an index of predator and energy of 

crabs.  Addition to physiology of sea crab to their environment, including temperature and 

salinity which influence oxygen demand and supply of some organic matter (8). 

 

           2.4.2.4 Oxygen  

 

              Teinsongratsamee and Pratumchart (8) reported that ammonia-nitrogen demand 

showed a decrease when temperature and salinity increased. When the salinity was at 15, 

20, 25 and 30 ppt, hermit crab exerted ammonia-nitrogen of approximately 80.20, 75.60, 

67.20 and 56.60 mg./l, respectively.   

              Total urea-nitrogen, organic-nitrogen and nitrogen also increased when the 

temperature and salinity increased. At temperatures of 16, 22, 27 and 32 degrees celsius 

and salinity at 5-30 ppt urea-nitrogen was 15 mg/gm/hr. It increased by more than 5.30 as 

much at a temperature of 16 degrees celsius.  
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              Hermit crabs are observed to have diminished excretion when the salinity is 

decreased. Their excretions increase when the salinity is in the range of 25-30 ppt 

Organic-nitrogen demand is 9 mg/gm/hr. It increases by more than 7.1 as much at a 

temperature of 16 degrees celsius. (Table 2-3)   

 

 Table 2-3 Important factors to respiratory and excretion 

Temperature 

(°C) 

salinity 

(ppt) 

Ammonia-nitrogen   

(%) 

Urea-nitrogen  

(%) 

Organic-nitrogen  

(%) 

16 15 83.40 3.20 13.40 

 20 78.00 10.50 11.50 

 25 76.60 12.30 11.10 

 30 65.50 20.70 13.80 

22 15 82.30 3.70 14.00 

 20 76.30 11.20 12.50 

 25 74.40 13.40 12.60 

 30 63.20 21.80 15.00 

27 15 80.20 4.20 14.00 

 20 75.60 12.40 12.50 

 25 67.20 20.00 12.60 

 30 56.60 27.10 15.00 

32 15 77.00 6.00 17.00 

 20 71.80 12.70 15.50 

 25 69.00 16.90 14.10 

 30 52.40 29.90 17.70 

     Source: Teinsongratsamee and Pratumchart (8) 

 

2.4.3 Factors that influence molting (8) 

 

            2.4.3.1 External factors  

 

1. Light intensity:  Molt period will increase as light intensity increases.  

2. Temperature: This influences do not only metabolism but also molting.   

3. The optimum temperature for molting is 14 degrees celsius. Some types of 

marine crabs which have not molted at the temperature of 17-18 degrees 

celsius are Pachygrapsus crassipes, Carcinus maenas  and  Xantho incinus.   
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4. Salinity: Molt period will increase as salinity increases.  

 

Salinity has an indirect effect on water and mineral system, referring to the 

protein and carbohydrate nutrients in blood. When the salinity is at 20 ppt protein and 

carbohydrate demand is increased in the molt period. It continues to increase until the 

molt period comes to an end. 

 

2.4.3.2 Internal factors  

 

1. Hormone system: Important hormones which have an influence on molting 

are Molting Hormone (MH) and Molt Inhibiting Hormone (MIH) that are produced by 

neurosecretory cells of X-organ and sinus gland, respectively.  The functions and 

process of these hormones are as follows:  

 

1.1 Before cell molting , the central brain will send a signal to x-organ to 

produce MIH and transfer it to the sinus gland to contain before draining 

into blood system.  

1.2 Hepatopancrease will keep organ and inorganic matter for molt and signals 

to the central brain to draw MH into the blood vessel. 

1.3 Cutting of some organs such as fragment and eyestalk makes the sea crab 

molt.  

 

2. Fertilized female crab will not molt before laying of eggs because energy and 

food are useful for eggs.  

3. Marine crabs with parasites use nutrients and energy. This causes the crabs to 

lose organic matter to molt.  

4. Regeneration of fragments will raise x-organ to produce the hormone that 

activates the molt in sea crab.  

5. Lack of nutrients leads to a delay in the molting of the sea crab for delay to 

molt. 
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2.5 Gastropod information 

 

The chosen gastropod shells in this study were defined to each pattern from 12 

different patterns. The conical pattern was chosen from top shell; the fusiform pattern 

was chosen from Wildest Pacific conch and the globose pattern was chosen from 

Babylon shell.  
There are only a few patterns inside of which hermit crabs can stay. The chosen 

three shell patterns were different in both quantity and economic importance or value. 

  

2.5.1 Outside characteristics of gastropod shell 

 

The gastropod shell is defined in Class Gastropoda . The typical gastropod 

produces a calcareous shell that is wrapped around a central axis called the columella. 

This shell is attached to the snail's body by either one columellar muscle or a series of 

muscles. As the shell grows and coils, each successive whorl is larger than the 

previous one. At the last, most recently created whorl, is the aperture, the shell's 

opening. The mantle secretes the shell along the outer lip of this aperture(9). 

 

2.5.1.1 Shell skeleton  

 

    Shell skeleton keeps them safe from other animals and the environmental 

variation. If they are safe themselves, they extend their body outside the shell to move 

and find some food. Each shell makes them different in shape, color and design. These 

can define them in various types. The shell combines some of minerals from the 

natural sites. The natural shell components are calcium and carbonate from their 

habits, which made them in 12 patterns(10). 
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                                  Figure 2-6 The natural shell in 12 patterns 

                              Source : Yoosukh (10) 

 

 Mostly, the natural shell components are calcium carbonate. Some kinds are 

aragonite, calcite or both. The inland shell is mostly found in some kinds of calcium 

phosphate.     
 In this study, three patterns of natural shells were used. Their shell skeletons are 

composed of three layers as follows:  
1. Periostracum layer: The outermost shell, light brown and easy loosened. This 

layer is made from some kinds of protein calls conchiolin.  
2. Prismatic layer: The middle layer, which is the strongest and hardest. This 

layer is calcium carbonate and a bit of silicon, bromide, manganese and 

iodide. 

3. Nacreous layer: The inner layer, which is composed of some aragonite.   
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Figure 2-7 The natural shell structure 

                  Source : Uppatum et. al. (9) 

  

   2.5.1.2 Color and shell design  
 
 Not only shapes are different; color and design also vary. Some kinds of shell 

have the same color through its body. Some kinds have many colors such as brown, 

white, yellow and grey. Their color is created from the pigment in blood, which is 

defined in 4 groups: carotenoids, porphyrins, indigoids and melanin. These make them 

appear orange, red, purple and black respectively(9). Some data report that the process 

of shell color is related with metabolism process and natural selection(10).  

Color and design of shell depend on genetics so that each type of shell has an 

individual color and design.   
 

2.5.1.3 Shell measurement  

 

Shell measurement was calculated by the columella axis. Size of shell can be 

measured by length and width.   

The length of shell is measured through the distance from the top of the shell to 

the outer lip of aperture. Width is the distance from widest body whorl to widest of 

aperture.  

Size of shell can be defined in three groups as seen in figure 2-8. 
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     Figure 2-8 Sizes of shell can be defined in three groups, small, medium and large 

                                                 Source : Uppatum et. al. (9)  

 

         The researcher had chosen three shell patterns, Top shell, Widest Pacific conch 

and Babylon shell, because of their apparent differences in pattern. The fusiform 

pattern, Widest Pacific conch was easy found in the sample-collecting site. The 

globose and conical pattern, Babylon shell and Top shell, are already being 

commercially cultured.  

 

2.5.2 The shell samples data 
 

2.5.2.1 Top shell (Trochus niloticus Linne,1758)  

 

Top shells can be useful in many cases. The inner layer has nacreous layer, 

which can culture pearl which could be turned into women’s jewelry such as rings, 

necklaces and earrings.  In addition, Top shells are favorite foods also(11). 

 

 

 

 

    

   

                    Figure 2-9 Top shell 

Source: http://www.nicaonline.com/articles3/site/view_article.asp?idarticle=122 (12) 
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2.5.2.2 Widest Pacific conch  (Strombus erythrinus)   

 
 

They are shaped like a bobbin (13). They are easily found around sand beaches 

and mud beaches. These are used as decorative materials and ornaments. 

 

                          
 
                                                   Figure 2-10 Conch shell 
                                   Source: http://www.jaxshells.org/0116aa.htm (14) 

 
 
   2.5.2.3 Babylon shell (Babylonia areolata : Link 1807)  

 
          Babylon shell is a favorite seafood in the market because of its taste and 

reasonable price. The most popular dish are rost and stream. It is available in any 

restaurant at Bang San beach and Nong mon. Many coastal aqua farms grow the 

babylon shell on a commercial scale(15). 

 

            
     Figure 2-11 Babylon shell 

                   Source: Siripan and Darunchoo (15) 
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2.6 Artificial shell production 

 

The compound clay from Compound Clay Co. Ltd was selected as a raw 

materials for artificial shell production. Slip casting was used to form the artificial 

shells. This process is begun by pouring clay slurry into a plaster mold. The capillary 

suction of the mold draws the liquid from the slurry and the excess slurry is drained 

from the mold after the desired wall thickness has been achieved, as shown in Figure 

2-12. 

 

  

 

 
     Figure 2-12 Solid casting process 

                          Source : Euingsiriwat (16) 
 
 The process of artificial shell production is as follows (16): 

 

2.6.1 Sieve the compound clay through No.50 sieve. 

2.6.2 Put water into plastic bucket and add 0.02% of sodium carbonate. 

2.6.3 Add compound clay to the water and agitate for 15 minutes. 

2.6.4 Add sodium silicate into the slurry to improve dispersion. 

2.6.5 Keep the slurry in an entirely covered bucket for one to prevent the loss of  

         moisture. 

2.6.6 The artificial shells are formed in a plaster mold by casting process. 

2.6.7 All artificial shells are dried and then fired at 1,200°C for soaking period of    

         2  hours in the furnace. The heating rate in the furnace is 3°C/min.  
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Figure 2-13   Artificial shells which made from compound soil in 3 patterns. 
 
 

The experiments on quality of artificial shells are pre-tested. The methods are 

described in chapter 3.    

 

2.7 Relevant researches  

 

Reese (17) studied an adaptation for emigration from the sea by coconut crab 

(Birgus latro).  His report showed that the coconut crabs enter and lived in gastropod 

shell in young crabs, but were lost in the larger coconut crabs. It protected them from 

desiccation and other exigencies. 

The coconut crab (Birgus latro) was similar in appearance to that of other hermit 

crabs. But the coconut crab (Birgus latro) was amphibious and eventually crawls not 

onto the land.  

The glaucothoes may not immediately enter shells, and under laboratory 

conditions some only explored and sat on small pebbles and shells. Most of the 

glaucothoes settled to the bottom of the rearing chambers, and if a suitable substratum 

was supplied, they tended to swim relatively little but lay on the floor of their 

chambers usually on their backs.  

The researcher studied behavior by introducing them into experiment chambers 

with various combinations of environmental factors. The results showed that 



Pawanee Rodboon 
 

  Literature Review / 24 

glaucothoes entered shells both in water and on land within a few hours. None 

survived on land unless they had entered shells. It appeared that the deaths of the 

glaucothoes on land were due to desiccation. Presumably shells also would provide 

some protection from predation both on land and in water, as well as protection from 

damage due to waves, sand and small stones. 

If shells and land were not present the glaucothoes simply lived in the water, 

spending most of the time sitting or walking about on the bottoms of their chambers. 

They either died or were used in other experiments but they did not metamorphose to 

the first crab stage even after 30 days.  It appears that salinity stress did not act as a 

trigger to either taking shells or emigration.  

Berthness (18) studied the influence of shell-type on hermit crab growth rate and 

clutch size. He used three species of hermit crab; Calcinus obscurus, Clibanarius 

albidigitus and Pagurus sp. which were common species on rocky intertidal shores in 

the Bay of Panama.  

To establish the weight to volume relationships of shells utilized by the hermit 

crabs, a size range of the 10 gastropods whose shells were most commonly found with 

hermit crab occupants was collected. The live gastropods were then boiled, the 

gastropod tissue was removed, and the shells were cleaned of any shell epibionts. The 

empty shells were then dried for 24 hours at 100 °C and weighed to 0.01 grams on an 

analytical balance and the internal shell volume of each shell was determined. The 

internal volume of the shells was calculated by filling the empty shells with sand and 

then determining the volume of the sand required to fill the shell.  

The results showed that the characteristics of shells commonly utilized by rocky 

intertidal shore hermit crabs in the Bay of Panama are Nerites scabricosta and                    

N. funiculata.  The nerites were significantly lighter at equivalent internal volumes 

than any of the others shells commonly found with hermit crab occupants. Nerites 

have an extremely large body whorl giving the external appearance of a –half sphere, 

while the interior of the shell had a large volume.  

Results of growth rate experiment showed that Clibanarius albidigitus grew 

significantly more in N. funiculata shells than in Cerithium stercusmuscarum shells, 

and significantly higher growth rates were detected in C. stercusmuscarum than in                  

P. planicostata shells. The researcher concluded that these results suggested that not 
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only shell-type affected hermit crab growth, but also that light shell-types allowed 

higher growth rates than heavier shell-type do.   

The clutch size of Pagurus sp. ovigerous females in Cerithium stercusmuscarum 

and A. fluctata were given. The results showed that clutch sizes in the lighter                       

C. stercusmuscarum shells were significantly larger than in the heaviver A.fluctata.  

For Clibanarius albidigitus females, egg output was significantly higher in 

Cerithium stercusmuscarum shells than in the heavier P .planicostata shells. 

Data on Calcinus obscurus clutch sizes revealed the same pattern. The clutch 

sizes of females in the comparatively light N. funiculata shells were significantly 

higher than in Cantharus ringens shells. 

These data support the hypothesis that different shell-types affected the clutch 

size of hermit crabs, with clutch size decreasing when a female was carrying a heavier 

shell-type.  
Mesce (19) studied the shell selection behavior of two closely related hermit 

crabs, Pagurus samuelis and Pagurus hirsutiusculus. The results showed that the       

P. samuelis preferred Tegula shells while P. hirsutiusculus prefered Nucella shells. In 

both shells, both inner and outer patterns were different.  

The study of Reese (17) was conducted in 30 x 20 cm. aquaria glass box with 

sand substratum. A total of 12 P. hirsutiusculus were placed individually in an 

aquarium and each was provided with 200 Nucella shells to choose from. After a 

three-day period, the researcher removed each crab from its preferred Nucella shell 

and placed it in another 30 x 20 cm. container with 49 Tegula shells and Nucella shells 

were all within 49 Tegula shells and the preferred Nucella shell originally selected. 

The shells were randomly mixed together. The Nucella and Tegula shells were all 

within same weight range. After the end of three-day period, the researcher found that 

Nucella shell preferred was preferred in all cases.  

Mesce examined the distribution of hermit crab species and their selected shells 

at two collecting sites, Cape Arago (North Cove) and Heceta Head, Oregon. 

Throughout the entire inter-tidal region of Heceta Head, and spanning a five-year 

period. The result showed that no P.samuelis were found at this site and only four 

Tegula sp. Shells were ever located. This contrast differ sharply with the more than 

800 Nucella spp. shells.  
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At Heceta Head, P.samuelis were not found and neither were any Tegula shells.     

P. hirsutiusculus were found in Nucella or Nucella-like shells such as Littorina and 

Nassarius. At Cape Arago, where Nucella shells were rarely observed, P. 

hirsutiusculus were found in Littorina sitkana and Littorina scutulata shells which 

greatly resembles Nucella shells in appearance and internal configuration. Only one 

Tegula shell was found to contain a P. hirsutiusculus crab, whereas 26 of 27 Tegula 

shells retrieved contained a P.samuelis crab.  

Mesce also made shell replicas (plaster shells). The outside shell moulds were 

made of silicone rubber. The interiors of shells were also used for material was viewed 

with an AMR-100 scanning electron microscope at 30kV.  

Mesce reported that the shape of the thorax and abdomen of P.samuelis was 

strikingly similar to the internal shape of the Tegula shells it prefers. Impressions 

taken of the interiors of Tegula shells appear almost identical to P. samuelis 

abdomens. Impression of Nucella interiors resemble the abdomens of                        

P. hirsutiusculus. 

The result of shell selection behavior studied indicated that both hermit crab 

species preferred different shells. The P. hirsutiusculus chosed the Nucella while          

P. samuelis chosed Tegula.  

Vance (20) studied hermit crab shell use pattern in the still and flowing water 

both in the field and laboratory.  

The field studies were located on Bodega California, divided in 2 sites. The first 

site was located in Horseshoe Cove to the north of the bay. The second site was 

located south of the bay at Doran Beach Regional Park.  

The survey data suggested that Pagurus granosimanus and Pagurus samuelis 

differed in both their position in the intertidal and their shell use patterns. At 

Horseshoe Cove Pagurus granosimanus were found mainly in the lower mid-intertidal 

to low intertidal while all Pagurus samuelis were found in tide pools. 

Of crabs collected for laboratory experiments P. granosimanus from the Doran 

jetty were found inhabiting Olivella biplicata more often than Tegula funebralis while 

all Pagurus samuelis were found in Tegula funebralis. Although no Olivella shells 

were found at the Horseshoe Cove site, different shell use patterns were still found 

between the two sampled hermit crab species. Tegula funebralis and Tegula brunnea 
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were the two species of gastropod shell inhabited most frequency at Horseshoe Cove. 

The majority of Pagurus samuelis were inhabiting Tegula funebralis with a minority 

in Tegula brunnea and all Pagurus granosimanus collected were inhabiting Tegula 

brunnea.  

Regression analyses showed a correlation between crab weight and shell weight 

for hermit crabs of both species in all shell types at both sites. Significant differences 

in shell weight were found among the Bodega hermit crab populations, Post –hoc 

Bonferoni pair wise comparisons found that Pagurus granosimanus from Horseshoe 

Cove selected significantly heavier shells than Pagurus samuelis from both the Doran 

jetty and Horseshoe Cove.  

Within each species analysis of covariance found significant differences in shell 

weight among shell species occupied. Post– hoct Bonferoni pair wise comparisons 

found that both Pagurus granosimanus and Pagurus samuelis select significantly 

heavier Tegula brunnea shells than Tegula funebralis shells. For Pagurus 

granosimanus no significant difference in shell weight was detected between Tegula 

funebralis or Tegula brunnea and Olivella biplicata.   
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CHAPTER III 

MATERIALS AND METHODS 
 

 

This experimental research was done in five steps. 

3.1 Experimental preparation 

3.2 Acclimation    

3.3 Research and study process 

3.4 Data collection process 

3.5 Data analysis process 

 

Details on the procedures are described below.  

 

3.1 Experimental preparation 

 

3.1.1 Data preparation 

 

Various documents and relevant researches on the biology, habitat and 

distribution of hermit crabs and gastropod shells were reviewed. 

 

3.1.2 Experimental location 

 

The Department of Materials Science, Faculty of Science, Chulalongkorn 

University supported the raw materials and instruments in the ceramic processing 

laboratory for artificial shell production. 

The shell seleection experiment and growth rate comparative study were carried 

out in the laboratory at the Faculty of Environment and Resource Studies, Mahidol 

University. 
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3.1.3 Equipment, materials and samples 

 

3.1.3.1 Equipment and materials 

1. Aquarium glass boxes (15 X 30 X 45 cm) 

2. Plastic trays (45 X 60 X 15 cm) 

3. Instant shrimp food 

4. Natural seawater with pH range between 7-8, constant temperature 

of 28°C and salinity of 30 ppt  

 

3.1.3.2 Hermit crab samples 

 

Three hundred hermit crabs (Clibranarius longitarsus) were collected from         

Koh Chang, Trat province. The weight of all samples were approximately 0.4 – 1.6 

grams. 

 

3.1.3.3 Gastropod shell samples 

  

One hundred and fifty natural shells were collected from Sri Chang Island, 

Chonburi province. Three shell patterns selected for use in this study (Figures 3-1): 

conical pattern from Top Shell (Trochus niliticus), fusiform pattern from Wildest 

Pacific Conch (Strombus erythrinus) and globose pattern from Babylon Shell 

(Babylonia areolata). All natural shells were cleaned, their tissues removed and dried 

at 100°C for 24 hours (20). The weight of all shells were approximately 2.0 - 4.5 

grams.   

The three patterns of natural shells were used as a model for artificial shell 

production. One hundred and fifty artificial shells were made from compound clay 

according to the methods discussed in chapter 2. 

The shell samples were measured in four dimensions, shell length (SLEN), shell 

width (SWID), aperture length (ALEN) and aperture width (AWID)(20), as shown in 

figure 3-2. The internal volume was determined by filling the empty shell with water. 
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fusiform pattern : conch shell 

      

conical pattern : top shell 

 

                     

globose pattern : babylon shell 

 

   Figure 3-1 Three shell patterns chosen for this study 

 

   
 Figure 3-2 Five measures of shell samples 

                     Source: Angel (21) 
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3.2 Acclimation 

 

3.2.1 Hermit crab samples 

 

After the hermit crabs had been collected from natural sites, they were 

maintained in six trays with aerated seawater. They were fed with instant shrimp food 

approximately two days in the evening. The seawater was changed every two days. 

Hermit crabs weighed 2.5-2.8 grams. Hermit crab samples were maintained for a week 

before experiment.  

 

 3.2.2 Gastropod shell samples 

 

 Gastropod natural and artificial shell samples were numbered from 1 to 300 

and measured as described in 3.1.3.3. Artificial shell samples were also tested as 

described in 3.3.1. 

 

3.3 Research and study process 

 

3.3.1 Examination of artificial shell properties 

 

3.3.1.1 Firing shrinkage (%) (22) 

 

The firing shrinkage of all artificial shells were determined using the standard 

test method. The percentage of firing shrinkage was calculated as the following 

equation.   

 

 

 

Where:  Lp = plastic length of artificial shell 

 Lf = fired length of artificial shell 
 

 

 

Firing Shrinkage = [(Lp - Lf) / Lp] X 100 
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3.3.1.2 Firing Strength (Modulus of Rupture: MPa) (22) 

 

Cylindrical bars (15 mm diameter and 150 mm length) were prepared from 

compound clay for use in this test.  The firing strength of the specimens was 

determined by Universal Testing Machine using the standard test method . The firing 

strength of each specimen was calculated as follows: 

 

   

       

Where:  P = load of rupture (N) 

  L = distance between supports  (mm) 

  d = diameter of specimen (mm) 

 

3.3.1.3 Water Absorption (%) (22) 

 

The water absorption of the artificial shells was determined using the standard 

test method.  

The artificial shell samples were weighed, placed in water and boiled for 5 

hours. After that, the samples were immersed in water for 24 hours before weighing.        

 

 

 

Where:  Ws = saturated weight 

  Wd = dry weight 

 

All the artificial shell quality experiments were carried out at the 

Material Science Laboratory, Faculty of Science, Chulalongkorn University.  

 

 

 

 

 

 

Modulus of Rupture = 8PL / πd3 

 

Water Absorption = [(Ws – Wd) / Wd] x 100 
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3.3.2 Behavior of shell selection experiment 

 

1.Shell selection experiments were conducted in 30 trays.  The hermit crabs 

were divided evenly between two trays in two treatments: natural shell and artificial 

shell.  

2.The hermit crabs were removed from their shells by heating the aperture of the 

shells. (21) 

3. Naked crabs after being isolated for 24 hours were placed in each tray with a 

group of three shell patterns: conical, fusiform and globose.  

4. The occupied shell selection was recorded after 2 hours later. 

5. The trials should be tried in 10 replicates each tray. 

 

 

 

 

 

 

 

 

 

 

 

When  A = natural shell ; globose pattern 

    B = natural shell ; conical pattern 

    C = natural shell ; fusiform pattern 

 

 

 

 

 

 

 

A1      B1 
C1 

A2      B2 
C2 

A6      B6 
C6 

A7      B7 
C7 

A8      B8 
C8 

A9     B9 
C9 

A10   B10 
C10 

A5      B5 
C5 

A4     B4 
C4 

A3     B3 
C3 

A11   B11 
C11 

A12   B12 
C12 

A13   B13 
C13 

A14   B14 
C14 

A15   B15 
C15 
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When  D = artificial shell ; globose pattern 

    E = artificial shell ; conical pattern 

    F = artificial shell ; fusiform pattern 

 

Figure 3-3 Shell selection experimental design 

 

3.3.3 Comparative growth rate of hermit crabs in natural and                    

         artificial shells 

 

 1. After the shell selection behavior experiment, most of natural and artificial 

shell patterns were occupied by hermit crabs.  

2. In the growth rate comparative study of hermit crabs in natural and artificial 

shells, the hermit crabs were set in aquarium glass boxes. 

3. Hermit crabs occupied shells contained in aquarium glass box combined with 

small stones and aerator.  

4.  Each glass box contained hermit crabs occupied in each shell type and 

pattern. 

5.  Every two days, the seawater was replaced with freshly aerated seawater.  

6.  Hermit crabs were fed with instant shrimp food every two days in the 

evening. 

7.  This experiment was set for four months.                 

 

D1   E1  
F1 

D4   E4 
F4 

D6   E6  
F6 

D2   E2  
F2 

D3   E3  
F3 

D5   E5  
F5 

D7   E7  
F7 

D8   E8  
F8 

D9   E9  
F9 

D10   E10 
F10 

D11   E11 
F11 

D12   E12 
F12 

D13   E13 
F13 

D14   E14 
F14 

D15   E15 
F15 
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                              Figure 3-4  Growth rate comparative study experimental design  

                                       (The experiment should be done in three replications.) 

 

3.4 Data collection process 

 

3.4.1 Growth rate was calculated as the difference between final and initial wet 

mass divided by time (mg/month). 

 

   

 

 

 

 

  

3.4.2 Survival rate was calculated as the difference between final and initial 

survivor hermit crabs.  

 

 

 

 

 

 

 

 

 

 

 
natural 

top 
shell 

 
natural 
conch 
shell 

 
natural 
babylon 

shell 

 
artificail 
babylon 

shell 
 

 
artificail 
conch 
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artificail 

top  
shell 

 

 
Growth rate  =  final wet mass – initiate wet mass 
    

    Culturing time 

 
Survival rate( %)  =   initiate survivor - final survivor x 100 
 
                                              initiate survivor 
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3.5 Data analysis process 

 

 3.5.1 Data were analyzed and presented in terms of linear regression equation as 

follows: 

3.5.1.1 The relationship between crab size and shell weight both in  

                  natural and artificial shells. 

    3.5.1.2 The data of internal volume/weight ratio on natural and   

                                        artificial shells.  

 

3.5.2 Growth rate comparative study data were analyzed, using ANOVA          

(F-test). Duncan’s New Multiple Range Test (DMRT) was again used to determine 

which growth rate differed  (95 % confidential level).   
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CHAPTER IV 

RESULTS 
 
 

The results of this study were focused on information as follows:  
 

4.1  Properties and qualities of the artificial shells 

4.2 The results of hermit crabs’ selection of shells to occupy 

4.3 The relationship between hermit crab and the shells selected 

4.4   Growth rate of hermit crab in natural and artificial shells 

 
4.1 Properties and qualities of the artificial shells 

 

4.1.1 Firing shrinkage  

 

          Initially, a large number of artificial shells were fabricated, their length 

measured, and then fired in furnace at 1,200°C. The artificial shells were also 

measured to determine the fired length. The percentage of firing shrinkage was 

calculated as the following equation.   

 

 

 

Where:  Lp = plastic length of artificial shell 

 Lf = fired length of artificial shell 
 

Data on the firing shrinkage of artificial shells are shown below: 

 

Table 4-1 Firing shrinkage of artificial shells 
Type of shell Lp Lf Firing Shrinkage (%) 

top shell 2.50 2.40 4.00  

conch shell 4.90 4.80 2.04  

babylon shell 2.80 2.72 2.80  

 

Firing Shrinkage = [(Lp - Lf) / Lp] X 100 
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As table 4-1 showed, the artificial top shell had the highest firing shrinkage 

value of 4%. Artificial babylon shell and artificial conch shell had less firing shrinkage 

values at 2.8% and 2.04%, respectively.   

 

4.1.2 Firing Strength (Modulus of Rupture) 

 

          Three cylindrical bars (15 mm diameter and 150 mm length) were prepared to 

determine firing strength. The firing strength of each specimen was calculated as 

follows: 

 

   

       

Where:  P = load of rupture (N) 

  L = distance between supports  (mm) 

  d = diameter of specimen (mm) 

 

The firing strength of artificial shells was listed in table 4-2. 

 

           Table 4-2 Firing strength of artificial shells 

Specimen Load (N) Firing Strength (MPa) 

1 

2 

3 

280.00 

285.00 

297.00 

21.14 

21.52 

22.42 

Average 287.00 21.69 

 

 Table 4-2 showed the results of the firing strength test of the material which 

produced artificial shells.  The average load was 287 N and the average firing strength 

21.69 MPa. 

 

 

 

 

 

Modulus of Rupture = 8PL / πd3 
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4.1.3 Water absorption (%) of the artificial shells 

 

          The artificial shell samples were weighed, placed in water and boiled for five 

hours. After that, the samples were immersed in water for 24 hours before weighing.        

 

 

 

Where:  Ws = saturated weight 

  Wd = dry weight 

 

The water absorption rates of artificial shells were shown in table 4-3. 

 

 Table 4-3 Absorption of artificial shells in different patterns 

  

Table 4-3 showed that the artificial top shell had the highest water absorption 

rate of 12.67% while artificial conch shell and artificial babylon shell had water 

absorption rates of 12.43% and 11.66% respectively.   

Type of shell Wd (g) Ws(g)  Water absorption  
(%) 

top shell 4.34 3.79 12.67 
 4.29 3.77 12.11 
 4.98 4.32 13.25 

average   12.67 
conch shell 6.91 6.19 10.43 

 6.38 5.59 12.38 
 6.90 5.98 14.49 

average   12.43 
babylon shell 3.67 3.24 11.71 

 3.74 3.32 11.22 
 3.81 3.35 12.07 

average   11.66 

 

Water Absorption = [(Ws – Wd) / Wd] x 100 



Pawanee Rodboon Results / 40 

4.2 The results of hermit crabs’ selection of shells to occupy 

 

4.2.1 The patterns used 

 

          In the experiment, both natural and artificial shells were divided into three 

patterns - conical, fusiform and globose.  

          The researcher observed that the hermit crabs spent less time to adapt to the 

natural shells than the artificial shells because they were used to the features and color 

of the natural shells. 

 

4.2.1.1 Natural shells 

 

The study showed no significant difference in the hermit crabs’ choice of the 

pattern of the natural shells.  The choices were 34% for globose pattern , 33.33% for 

conical and 32.67% for fusiform.  The total sample of 150 hermit crabs were divided 

into three experiments; in the first, 21 of the 50 sample hermit crabs chose the conical 

pattern; 19 the globose and 10 the fusiform.  In the second experiment, the fusiform 

pattern was chosen by 20 out of 50; globose by 19 and conical pattern by 11.  In the 

third experiment, the fusiform was chosen by 20 out of 50 samples; conical by 17 and 

globose by 13.  

 

         Table 4-4  Natural shell patterns chosen by hermit crabs 

 

 

 

 

 

 

 

 

 

  

Number of hermit crabs Total Type of 

natural shell 1st  2 nd 3 rd  

% 

top shell 

(conical pattern) 

21.00 11.00 17.00 49.00 32.67 

conch shell 

(fusiform pattern) 

10.00 20.00 20.00 50.00 33.33 

babylon shell 

(globose pattern) 

19.00 19.00 13.00 51.00 34.00 

 Total 50.00 50.00 50.00 150.00 100.00 
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4.2.1.2 Artificial shells 

 

The hermit crabs chose different patterns for artificial shells, with the first choice 

the globose pattern for 54.67%; fusiform for 32%  and conical for 13.33%. Of the 50 

samples in the first experiment, the globose pattern was selected by 29; fusiform by 15 

and conical by the least number 6. In the second experiment, again with 50 samples, 

26 went for the glose pattern; 15 took fusiform; and 9 took conical pattern. For the 

third time (or experiment), 27 from 50 took globose pattern, 18 took fusiform and 5 

took the conical pattern. 

 

         Table 4-5 Artificial shell patterns chosen by hermit crabs 

 

 

 

 

 

 

 

 

 

   

The results of shell selection by the hermit crabs did not make any difference in 

natural shells, but were quite different for artificial shells. The globose pattern was 

taken by a higher number of hermit crabs.  

 

4.2.2 Selection behavior 

 

          Selection of all three patterns for both natural and artificial shells by the hermit 

crabs were done through Randomized Block Design (RBD) by separating the 

experiment into two groups of natural and artificial shells. There were three 

replications for each experiment.  The researcher found that if the hermits were taken 

off their shells in the tray, they spent less time to take the natural shells than the 

Number of hermit crabs Type of  

artificial  shell 1 st 2 nd 3 rd 

Total % 

top shell 

(conical pattern) 

6.00 9.00 5.00 20.00 13.33 

conch shell 

(fusiform pattern) 

15.00 15.00 18.00 48.00 32.00 

babylon shell 

(globose pattern) 

29.00 26.00 27.00 82.00 54.67 

 Total 50.00 50.00 50.00 150.00 100.00 
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artificial shells. They behaved the same for both experimental groups (natural and 

artificial shells) - if they were able to adapt themselves in the shells then they would 

take these shells and suddenly moved away. 

          However, after taking the new shells, if there were other shells in the tray, some 

hermit crabs might switch to the other shell. Meanwhile, they would still hold onto the 

existing shell until they had adapted well to the new one after which they would leave 

the old shells. On the other hand, if they could not adapt well to the new shell, they 

would go back to the old shells. 

 

4.3 The relationship between hermit crab and the shells selected 

 

4.3.1 The relationship between crab size and shell weight 

 

          From statistical analysis by SPSS program, the weight correlation of hermit 

crabs and the shell patterns were classified into two patterns. The first is hermit crabs 

and natural shells, and the hermit crabs and artificial shells. 

    

4.3.1.1 Relationship between weight of hermit crabs and                

             natural shells 

 

          From Linear Regression Equation analysis, the total sample of 150 were divided 

into three proportions according to the natural shells - top shell, babylon shell and 

conch shell - the results were shown in table 4-6  

 

       Table 4-6 Relationship between hermit crabs weight and natural shells 

Type of shells Number of samples Linear equation R2 

top shell 48.00 Y = 2.05+0.42x 0.72 
conch shell 51.00 Y = 2.10+0.85x 0.42 
babylon shell 51.00 Y = 1.30+1.98x 0.84 

 

          Table 4-6 showed the correlation between the weight of the natural shells and 

the weight of the hermit crabs.   The value was shown as s to linear regression 
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equation y = 2.056+0426X. It means that for each gram increase of the crab, the shell 

weight should increase by 0.42 gram. R2 was acceptable at 0.72 to the natural shell.  

         For babylon shell, y =1.306+1.987X indicating that each gram increase of the 

hermit crabs, shell weight should increase 1.987 gram. R2 = 0.84 of natural shell.  

         For conch shell, y = 2.107+0.859X That is, each gram increase of the crab 

weight would mean that shell weight should increase by 0.8519 gram. R2 = 0.426 
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Figure 4-1 Relationship between crab weight and shell weight  
                                      in natural top shell 

 

From figure 4-1, the relationship between crab weight and natural top shell 

weight showed a positive correlation and contributes to the coefficient of 

determination (R2) of 0.72 which was significant at 0.05 level. Therefore, natural top 

shell weight had a high relate on crab weight at 95%. 
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y = 0.8594  x + 2.107
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Figure 4-2 Relationship between crab weight and shell weight  

                                      in natural conch shell 

 

From figure 4-2, the relationship between crab weight and natural conch shell 

weight showed a positive correlation and contributes to the coefficient of 

determination (R2) of 0.42 with significance at 0.05 level.  This indicated that natural 

conch shell weight has a medium relate on crab weight at 95%. 

      

y = 1.9875  x + 1.3057
R2 = 0.84
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Figure 4-3  Relationship between crab weight and shell weight 

                                      in natural babylon shell 

 

From figure 4-3, the relationship between crab weight and natural babylon shell 

weight showed a positive correlation and contributes to the coefficient of 
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determination (R2) of 0.84 which was significant at 0.05 level.  Therefore, natural 

babylon shell weight had a high relate on crab weight at 95%.  
 

4.3.1.2 The relationship between weight of hermit crabs and  

            artificial shells    

 

         From linear regression equation analysis, the relationship between the weight of 

the hermit crabs and the total sample of artificial shells consisting of conical pattern, 

fusiform pattern and globose pattern was shown in table 4-7. 

 

      Table 4-7  Relationship between weight of hermit crabs and artificial shells 

Type of shells Number of samples Linear equation R2 

top shell 20.00   Y = 3.52-0.41x 0.10 
conch shell 50.00 Y = 3.76+0.20x 0.02 
babylon shell 80.00 Y = 3.03+0.56x 0.03 

 

         From table 4-7, the correlation between the weight of artificial shells to hermit 

crabs had the value as to linear regression equation y = 3.529-0.419x. X has a minus 

value which means the each gram increase in crab weight causes a decrease in the top 

shell weight by 0.41 gram.  R2 was very low and R2 = 0.10 in conical pattern.  

         From globose pattern:  y = 3.033+0.568X indicated that a gram increase in crab 

weight means the shell weight should increase by 0.568 gram R2 = 0.03. For fusiform 

pattern, Y = 3.763+0.206X that was, a gram increase in crab, weight means that the 

shell weight should increase by 0.20 gram and R2 = 0.02. 
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Figure 4-4  Relationship between crab weight and shell weight 

                                      in artificial top shell 

 

          Figure 4-4 showed the relationship between crab weight and artificial top shell 

weight. There was a negative correlation, contributing to the coefficient of 

determination (R2) of 0.10 which was significant at 0.05 level.  Findings were that 

artificial top shell weight has very low relate on crab weight at 95%. 
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Figure 4-5  Relationship between crab weight and shell weight  

                           in artificial conch shell 
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From figure 4-5, The relationship between crab weight and artificial conch shell 

weight showed a positive correlation and contributes to the coefficient of 

determination (R2) of 0.10 with significance at 0.05 level, indicated that artificial 

conch shell weight had a very low relate on crab weight at 95%. 
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   Figure 4-6  Relationship between crab weight and shell weight in 

                                      artificial babylon shell 

 

 Figure 4-6 showed the relationship between crab weight and artificial babylon 

shell weight. There was positive correlation and contributes to the coefficient of 

determination (R2) of 0.03 with significance at 0.05 level. Artificial babylon shell 

weight thus had a very low relate on crab weight at 95%.  

 

4.3.2  Internal volume/weight ratio on natural and artificial shells 

 

          Internal volume/weight ratio (IV/W) has an indicator of the shell quality to be 

taken by the hermit crabs.  A big and lightweight were taken with high ratio and most 

of the hermit crabs would always be taken to the high IV/W ratio. 

          The ratio of the three groups, as found by this study, was shown in table 4-8 
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            Table 4-8 Average internal volume/weight ratio 

   Average IV/W ratio Pattern 
 natural shell  artificial shell  

conical  0.56 0.35 
fusiforn 0.63 0.33 
globose 0.81 0.64 

 

 Table 4-8 showed that the IV/W ratio of all three patterns in natural shells was 

higher than in the artificial shells. The highest belonged to globose pattern both in 

natural and artificial shells. 

 

4.4 Growth rate of the hermit crab in natural and in artificial shells 

 

4.4.1 Existing weight, gross weight and average increasing weight 

 

          The aggregated weight of hermit crabs in natural shells and artificial shells were 

shown in table 4-9 

 

Table 4-9 Weight of hermit crabs in each glass box 
Number of sample Pattern of shells / Glass box 

top shell conch shell babylon shell 
Total Aggregated weight 

(gram) 

natural top shell (1) 21.00 - - 21.00 83.97 

natural conch shell (2) - 10.00 - 10.00 44.85 
natural babylon shell (3) - - 19.00 19.00 76.65 

artificial top shell (4) 6.00 - - 6.00 24.18 
artificial conch shell (5) - 15.00 - 15.00 67.65 

artificial babylon shell (6) - - 29.00 29.00 121.12 

natural top shell (7) 11.00 - - 11.00 38.24 
natural conch shell (8) - 20.00 - 20.00 90.72 

natural babylon shell (9) - - 19.00 19.00 72.72 

artificial top shell (10) 9.00 - - 9.00 34.18 
artificial conch shell (11) - 15.00 - 15.00 73.22 

artificial babylon shell (12) - - 26.00 26.00 130.28 
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Table 4-9 Weight of hermit crabs in each glass box (Cont.) 

Number of sample Pattern of shells / Glass box 
top shell conch shell babylon shell 

Total Aggregated weight 
(gram) 

natural top shell (13) 17.00 - - 17.00 60.56 

natural conch shell (14) - 20.00 - 20.00 88.31 

natural babylon shell (15) - - 13.00 13.00 45.37 

artificial top shell (16) 5.00 - - 5.00 20.36 
artificial conch shell (17) - 18.00 - 18.00 95.58 

artificial babylon shell (18) - - 27.00 27.00 99.42 
 

Table 4-9  showed the  weight of hermit crabs in each glass box at the initial 

experiment time. Some data showed the total number of hermit crabs with their chosen 

shells. Most lived in artificial babylon shell (glass box 6, 18, 12). Besides that, they 

lived in natural top shell, natural conch shell and babylon shell. A few  lived in 

artificial top shell (glass box 4,16,10). 

 

Table 4-10  Hermit crabs weight increased each glass box 
  Initial weight  (g.) Weight in feeding period (g.) 
     1st  month 2nd  month   3rd month   4th month 

Glass 
box 

Gross 
weight 

Average 
weight 

Total 
 weight 

Average 
weight 

 

Total  
Weight 

Average 
weight 

 

Total  
weight 

Average 
weight 

 

Total  
weight 

Average 
weight 

 
1 83.97 3.99 66.40(5) 4.15 58.66(2) 4.19 55.51(1) 4.27 52.68(1) 4.39 
2 44.85 4.48 36.08(2) 4.51 32.27(1) 4.61 32.90 4.70 33.11 4.73 
3 76.65 4.03 70.55(2) 4.15 67.36(1) 4.21 69.44 4.34 72.64 4.54 
4 24.18 4.03 12.15(3) 4.05 4.10(2) 4.10 4.21 4.21 4.25 4.25 
5 67.65 4.51 50.05(6) 4.55 41.4(2) 4.60 37.60(1) 4.70 37.92 4.74 
6 121.12 4.17 80.2(9) 4.01 66.30(3) 3.90 60.30(2) 4.02 59.50(1) 4.25 
7 38.24 3.47 28.72(3) 3.59 25.48(1) 3.64 18.80(2) 3.76 19.45 3.89 
8 90.72 4.53 76.16(3) 4.48 72.16(1) 4.51 72.408 4.53 73.12 4.57 
9 72.72 3.82 66.64(2) 3.92 67.36(1) 4.21 65.10(1) 4.34 65.70 4.38 
10 34.18 3.79 19.00(4) 5.00 15.76(1) 3.94 12.51(1) 4.17 12.57 4.19 
11 73.22 4.88 55.11(4) 5.01 40.40(3) 5.05 35.70(1) 5.10 30.72(1) 5.12 
12 130.28 5.01 81.92(10) 5.12 61.56(4) 5.13 57.31(1) 5.21 54.00(1) 5.40 
13 60.56 3.56 46.93(4) 3.61 40.15(2) 3.65 38.40(1) 3.84 35.28(1) 3.92 
14 88.31 4.41 79.74(2) 4.43 76.16(1) 4.48 76.50 4.50 76.84 4.52 
15 45.37 3.49 39.71(2) 3.61 36.30(1) 3.63 37.10 3.71 38.90 3.89 
16 20.36 4.07 12.21(2) 4.07 8.24(1) 4.12 8.34 4.17 8.48 4.24 
17 95.58 5.31 75.18(4) 5.37 59.51(3) 5.41 48.87(2) 5.43 49.23 5.47 
18 99.42 3.68 827.20(5) 3.76 61.60(6) 3.85 57.30(1) 3.82 61.50 4.10 

Remark : ( ) number of dead hermit crabs in each month 

 

          Table 4-10 showed the increase in weight of hermit crabs in each glass box 

during the cultured period.  The datas showed the number of deaths of hermit crabs 

each month during the cultured period also. Most hermit crabs grow up each month 

but their weight increase was not large.      
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         Average weight of hermit crabs during feeding period was shown in table 4-11 

 

Table 4-11 Average weight of hermit crabs during feeding period in the  

                   first experiment 

 
initial time  

(g.) 
1st  month 

(g.) 
2nd  month 

(g.) 
3rd month 

(g.) 
4 th month 

(g.) 

natural top shell 
 

3.99 
 

4.15 
 

4.19 
 

4.27 
 

4.39 

natural conch shell 
 

4.48 
 

4.51 
 

4.61 
 

4.70 
 

4.73 

natural babylon shell 
 

4.03 
 

4.15 
 

4.21 
 

4.34 
 

4.54 

artificial top shell 
 

4.03 
 

4.05 
 

4.10 
 

4.21 
 

4.25 

artificial conch shell 
 

4.51 
 

4.55 
 

4.60 
 

4.70 
 

4.74 

artificial  babylon shell 
 

4.17 
 

4.01 
 

3.90 
 

4.02 
 

4.25 
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        Figure 4-7 Graph showing weight of hermit crab during culturing period 

                           in the first experiment 
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Table 4-12 Average weight of hermit crabs during feeding period in the  

                   second experiment 

 
initial time  

(g.) 
1st  month 

(g.) 
2nd  month 

(g.) 
3rd month 

(g.) 
4 th month 

(g.) 

natural top shell 
 

3.47 
 

3.59 
 

3.64 
 

3.76 
 

3.89 

natural conch shell 
 

4.53 
 

4.48 
 

4.51 
 

4.53 
 

4.57 

natural Babylon shell 
 

3.82 
 

3.92 
 

4.21 
 

4.34 
 

4.38 

artificial top shell 
 

3.79 
 

5.00 
 

3.94 
 

4.17 
 

4.19 

artificial conch shell 
 

4.88 
 

5.01 
 

5.05 
 

5.10 
 

5.12 

artificial  babylon shell 
 

5.01 
 

5.12 
 

5.13 
 

5.21 
 

5.40 
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Figure 4-8 Graph showing weight of hermit crab during culturing period  

                              in the second experiment 
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Table 4-13 Average weight of hermit crabs during feeding period in the   

                   third experiment 

 
initial time  

(g.) 
1st  month 

(g.) 
2nd  month 

(g.) 
3rd month 

(g.) 
4 th month 

(g.) 

natural top shell 
 

3.56 
 

3.61 
 

3.65 
 

3.84 
 

3.92 

natural conch shell 
 

4.41 
 

4.43 
 

4.48 
 

4.50 
 

4.52 

natural babylon shell 
 

3.49 
 

3.61 
 

3.63 
 

3.71 
 

3.89 

artificial top shell 
 

4.07 
 

4.07 
 

4.12 
 

4.17 
 

4.24 

artificial conch shell 
 

5.31 
 

5.37 
 

5.41 
 

5.43 
 

5.47 

artificial  babylon shell 
 

3.68 
 

3.76 
 

3.85 
 

3.82 
 

4.10 
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      Figure 4-9 Graph showing weight of hermit crabs during culturing period                           

                         in the third experiment 

 

The datas in tables 4-11 to 4-13 and Figures 4-7 to 4-9 showed that hermit 

crabs’ average weight increased in all samples but their weight increase were not 

large. Some hermit crabs showed a weight decrease each month because they died 

during the cultured period especially they died so much in the first month.  
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4.4.2 Growth rate 

 

4.4.2.1 Growth rate by weight 

 

         The growth rate was calculated by the final and initiate wet mass divided by time 

(mg/month). Table 4-14 showed the growth rate by weight of the hermit crabs in the 

artificial and natural shells. 

 

Table 4-14 Growth rate of hermit crabs 

 average weight during feeding period (g.) 
 

Pattern of shells / Glass box 
Initiate 
average  
weight 

(g.) 
1st   

month 
2nd   

month 
3rd   

month 
4th  

 month 

average 
weight 

increase 
(g.) 

 
growth rate 
(mg/month). 

natural top shell (1) 3.99 4.15 4.19 4.27 4.39 0.40 0.10 

natural conch shell (2) 4.48 4.51 4.61 4.70 4.73 0.25 0.06 

natural babylon shell (3) 4.03 4.15 4.21 4.34 4.54 0.51 0.12 

artificial top shell (4) 4.03 4.05 4.10 4.21 4.25 0.22 0.05 

artificial conch shell (5) 4.51 4.55 4.60 4.70 4.74 0.23 0.05 

artificial babylon shell (6) 4.17 4.01 3.90 4.02 4.25 0.08 0.02 

natural top shell (7) 3.47 3.59 3.64 3.76 3.898 0.42 0.10 

natural conch shell (8) 4.53 4.48 4.51 4.53 4.57 0.04 0.01 

natural babylon shell (9) 3.82 3.92 4.21 4.34 4.38 0.56 0.14 

artificial top shell (10) 3.79 5.00 3.94 4.17 4.19 0.40 0.10 

artificial conch shell (11) 4.88 5.01 5.05 5.10 5.12 0.24 0.06 

artificial babylon shell (12) 5.01 5.12 5.13 5.21 5.40 0.39 0.09 

natural top shell (13) 3.56 3.61 3.65 3.84 3.92 0.36 0.09 

natural conch shell (14) 4.41 4.43 4.48 4.50 4.52 0.11 0.02 

natural babylon shell (15) 3.49 3.61 3.63 3.71 3.89 0.40 0.10 

artificial top shell (16) 4.07 4.07 4.12 4.17 4.24 0.17 0.04 

artificial conch shell (17) 5.31 5.37 5.41 5.43 5.47 0.17 0.04 

artificial babylon shell (18) 3.68 3.76 3.85 3.82 4.10 0.42 0.10 
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         Hermit crab growth rates were shown in table 4-14.  The datas indicated an 

increase in the growth rate but the rate was small because they lived in an aquarium 

glass box designed for experimental purposes. The researcher tried to approximate 

natural conditions as closely as possible, but the hermit crabs were under some stress 

as it was an experimental research, which may have led to low growth rate for 

experiment. 

The researcher compared the growth rate of hermit crabs between artificial and 

natural shells in each experiment. The datas were shown in tables 4-15 to 4-17.  

 

   Table 4-15   Comparative growth rate of hermit crabs between natural and 

           artificial shells in the first experiment 

 

 Table 4-15 showed the comparative growth rate of hermit crabs in natural and 

artificial shells in the first experiment.  Hermit crabs occupying natural babylon shells 

had the highest growth rate in this experiment. The lowest growth rate appeared in 

hermit crabs that were occupying artificial babylon shells. 

 

          Table 4-16  Comparative growth rate of hermit crabs between natural and 

            artificial shells in the second experiment 

 

 

          Table 4-16 showed the comparative growth rate of hermit crabs occupying 

natural and artificial shells in the second experiment. Hermit crabs in both natural and 

  natural shell artificial shell 
top shell  0.10 0.05 

conch shell 0.06 0.05 

babylon shell 0.12 0.02 

  natural shell artificial shell 
top shell  0.10 0.10 

conch shell 0.01 0.06 

babylon shell 0.14 0.09 
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artificial babylon shells had the highest growth rate in this experiment while the 

growth rate was similar in both natural and artificial top shell.  The lowest growth rate 

appeared in hermit crabs occupying natural conch shell. 

 

 Table 4-17  Comparative growth rate of hermit crabs between natural and 

       artificial shells in the third experiment 

 

 Table 4-17 showed the comparative growth rate of hermit crabs in natural 

shells and artificial shells in the third experiment. Hermit crabs in both natural and 

artificial babylon shells had the highest growth rate in this experiment. The lowest 

growth rate appeared in hermit crabs in natural conch shells.  

 

4.4.2.2 Comparing the results of growth rate using  

            statistical method 

 

          Referring to the weight of growth rate in hermit crabs both in each pattern and 

shell, and using one-way ANOVA, the figures were shown in table 4-18 

 

         Table 4-18  Results of growth rate using one-way ANOVA 

 Sum of Squares df Mean Square F Sig. 
Between Groups 1.572E-02 5 3.143E-03 4.52 .015* 
Within Groups 8.333E-03 12 6.944E-04   

Total 2.405E-02 17    
 

         From the above table, analyzing the growth rate of hermit crabs in both natural 

and artificial shells, there were some significant differences to make further 

experiment seem that in which pattern of the shells make difference. 

  natural shell artificial shell 
top shell  0.09 0.04 

conch shell 0.02 0.04 

babylon shell 0.10 0.10 
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         The researcher used Duncan’s Multiple Range Test to see the differences 

between these hermit crabs and shell pattern. The results of the analysis were shown in 

table 4-19. 

 

         Table 4-19 Analysis of the difference-growing rate of hermit crabs and                      

                            shell patterns 
       

Subset for alpha = .05 GLASS N 
1 2 3 

natural conch shell 3 0.03   
artificial conch shell 3 0.05 0.05  
artificial top shell 3 0.06 0.06  
artificial babylon shell 3 0.07 0.07  
natural top shell 3  0.09 0.09 
natural babylon shell 3   0.12 

Sig.  0.11 0.06 0.29 
             Means for groups in homogeneous subsets are displayed. 
             a  Uses Harmonic Mean Sample Size = 3.000. 
 
 
          According to the analysis, There were differently growth rates of hermit crabs 

between the natural and artificial shells in three groups to be concluded as follows: 

1. Growing rate of hermit crabs in natural conch shell, artificial top shell, 

artificial conch shell and artificial babylon shell. 

2. Growing rate of hermit crabs in natural top shell, artificial top shell, 

artificial conch shell and artificial babylon shell. 

3. Growing rate of hermit crabs in natural top shell and natural babylon 

shell.  

 

From table 4-19, It could be concluded that the growth rates of hermit crab 

occupied in natural top shell and babylon shell make any different than others.   

 

         4.4.3 Survival rate 

 

         After four months of the experiment, out of the total 300 samples of hermit 

crabs, 173 survived.  The survival rate was shown in table 4-20. 
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 Table 4-20 Proportion of survival of hermit crabs in natural and artificial shell patterns 

 Initiate 
samples 

Remained 
samples 

 

Survival rate 
in each 

patterns (%) 

Survival 
rate  
(%) 

 
natural top shell 
 
natural conch shell 
 
natural babylon shell 
 

total 
 

 
49.00 

 
50.00 

 
51.00 

 
150.00 

 
34.00 

 
36.00 

 
37.00 

 
107.00 

 
69.38 

 
72.00 

 
72.54 

 
 

 
 
 
 
 
 
 
 

71.33 

artificial top shell 
 
artificial conch shell 
 
artificial babylon shell 
 

total 
 

20.00 
 

48.00 
 

82.00 
 
 

150.00 

6.00 
 

21.00 
 

39.00 
 
 

66.00 
 

30.00 
 

43.75 
 

47.56 
 

 
 
 
 
 

 
 

44.00 

 

The comparative survival proportion of hermit crabs in the natural and 

artificial shells in each pattern was shown in table 4-21 and figure 4-11. 

 

Table 4-21 Comparing survival rate of hermit crabs between natural and  

                   artificial shells in each pattern. 

shell pattern natural shell artificial shell 

top shell 69.38 30.00 

conch shell 72.00 43.75 

babylon shell 72.54 47.56 
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   Figure 4-10 Comparative survival rate between hermit crabs occupied  

                        in natural and artificial shells each pattern 

 
         Datas showed a higher survival rate for hermit crabs occupying natural shells 

than those in artificial shells. The results indicated that for all three patterns in natural 

shells, survival rate was higher than in artificial shells. Hermit crabs occupying both 

natural and artificial babylon shells had the highest survival rate at 72.54% and 47.56 

% respectively.  Following survival rate was shown in hermit crabs occupying both 

natural and artificial conch shells at 72 % and 43.75 % respectively. The lowest  

survival rate appeared in hermit crabs in both natural and artificial top shells at         

69.38 % and 30%, respectively.  

 

        4.4.4 Water quality culturing period 

 

        Water quality during culturing period was tested using water quality test kit.  The 

parameters tested were composed of Ammonia, pH, and Nitrite. Dissolved oxygen was 

not tested due to air pump filling all glass boxes.  

         Results showed that water quality during culturing period was acceptable. It 

appeared to follow the standards of water quality for marine culturing, with pH at 8-9, 

ammonia 0.1- 0.4 mg/l and nitrite at less than 0.3 mg./l.      
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CHAPTER V 

DISCUSSION 
 

 

5.1 Quality of the artificial shells  

 

 The results of the experiment showed that artificial top shells had the highest 

firing shrinkage value of 4%. The firing shrinkage for artificial shells made them 

shrink and this may also cause weight decrease.  

The firing strength results found that average load was 287 N and the average 

firing strength was 21.69 Mpa.  This meant that artificial shells made from slurry were 

strong and were useful for a long time.  

The water absorption rate of artificial shells should be concern and should be 

improved during the artificial shell making. The water absorption rate for all three 

patterns were at 12.67%, 12.43% and 11.66% for artificial top shells, conch shells and 

babylon shells, respectively.  At these rates, the weight of the three artificial shell 

patterns increased.  This meant that artificial top shells may gain more weight than the 

two other patterns. 

The difference on water absorption rate of all three artificial shell patterns may 

cause of shell production. All three artificial shells produced by solid casting which 

make one by one piece hand made. This cause have affected to the artificial shells 

quality.  

From the results on quality of artificial shell results, it could be surmised that the 

artificial shells in this study were not suitable for hermit crab habits. The average 

weight of artificial shells was more than that of natural shells for all three patterns. 

(Appendix A)  

Not only the weight of the shell was an important factor for hermit crabs; the 

inner texture of the shell was also important. Studies related to artificial shells for 

hermit crabs had been few, but an earlier study was done by Mesce (20), that made 

plaster shells (CaSo4•1/2 H2O) into two patterns of nucella and tegula. Mesce tried to 
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make the artificial shell as close as possible to the natural shells, including making 

impressions of the interior part of the natural shell. 

Mesce(20) reported that interior impression of shell and thoracic-abdominal 

shapes was related. The shape of the thorax and abdomen of Paguraus samuelis was 

strikingly similar to the internal shape of the tegula shells it preferred. Impressions 

taken of the interiors of tegula shells appeared almost identical to P. samuelis 

abdomens. 

The same was similarity for P.hirsutiusculus and its preferred nucella shells. 

These data indicated that the impressions of the interior inner shell texture leads to 

shells preferred for each species.  

The problem in artificial shell-making faced by this study was that the inner 

texture of artificial shells was not similar to that of the natural shell.  This may lead to 

the the selection behavior as well as growth rate of the hermit crabs.  

 

5.2 Shell selection behavior 

 

From the results of the shell selection experiment using the three natural and 

artificial shell patterns, it appeared that hermit crabs preferred living in natural shells 

than in artificial shells.  Natural shells in both shape and size adhered closely to nature 

and they had gotten used to it.  

The results on shell selection behavior using natural shells, showed no difference 

in shell pattern selected.  Mostly, the hermit crabs chose globose 34%, followed by 

33.3% conical and 32.6% fusiform pattern. In artificial shell selection, there were 

apparent differences in the shell pattern selected.  Most of the hermit crabs or 54% 

veered towards globose pattern,  32% chose fusiform and 13% conical pattern.  

From an observation of shell selection behavior, hermit crabs tended to move 

into empty shells.  If the shells were their preferred size, they chose it. They tested 

themselves by movement. If their selected shells were heavy in weight and made their 

movements slow, they tried to choose the better one. So they mostly chose and 

preferred living in natural shells. These datas agreed with findings of Hazlett (23), 
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who concluded that shell weight was an important factor in shell selection, as were 

internal volume, aperture and colummella axis.  Even weight of shells may affect the 

growth rate of hermit crabs and may directly affect reproduction(18). 

 

5.3 The relationship between crab weight and shell weight and hermit crab   

       growth rate 

  

From the shell selection behavior, it was found that hermit crabs preferred 

occupying natural shells to artificial shells.  These data were in agreement with the 

relationship between crab weight and shell weight.  Results showed that for all three 

natural shells, the respective linear regression equations contributed to the coefficient 

of determination (R2) of 0.72, 0.42 and 0.84 of natural top shell, natural conch shell 

and natural babylon shell, respectively. 

The coefficient of determination (R2) of equation indicated that natural babylon 

shell had the highest effect on crab weight at 95 %.  

The outer appearance of natural babylon shell included large body whorl, light 

weight, and wide and long aperture. These characteristics led to a high IV/W ratio.  

Data on internal volume/weight of shells indicated that for both natural and 

artificial shells, babylon shells had the highest IV/W ratio at 0.81 and 0.64 

respectively. Both natural and artificial babylon shells were chosen for habitation by 

hermit crabs in this study.  These results agreed with the findings of Guillen and 

Orsono (24), who also reported that natural and induced shell-exchange interactions in 

the field confirmed that hermit crabs preferred shells with high IV/W ratio, as 

previously demonstrated in laboratory conditions.  

From the field studies of Orsonor et. al.(7), it was reported that terrestrial hermit 

crabs (Coenobita compressus) on Isabel Island, Mexico, preferred Nerita scabricosta 

over other species of shells. N. scabricosta, the lightest species of shell, had the 

highest IV/W ratio of all species available. Heavier shells (low IV/W ratio) are more 

costly to carry and may restrain growth. He hypothesized that hermit crabs would 

search for shells with high IV/W ratios to save energy, Observations from the field 

supported this idea by inducing individual shell exchanges, consistent with the 

prediction of the Energy Savings Hypothesis, crabs in the field reacted to shells with 
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the most favorable IV/W ratio and fought in order to obtain preferred shells. Even 

more, crabs selected shells with a higher IV/W ratio than the shell that they had been 

using, regardless of the shell species. This energy saved thus may be used to increase 

growth rate, which ultimately improves fitness.  

The comparative study on the growth rate of hermit crabs in natural and artificial 

shells indicated significant differences in growth rate between those occupying natural 

and artificial shells. Most hermit crabs in natural shells had higher growth rates than 

those in artificial shells.  

Results showed that hermit crabs lived in natural shells in the first experiment 

had higher growth rate than those in artificial shells. Datas showed that growth rates of 

hermit crabs in natural top shell, conch shell and babylon shell were 0.10, 0.06 and 

0.12 mg./month respectively whereas hermit crabs in artificial top shell, conch shell 

and babylon shell had growth rates of 0.05, 0.05, and 0.02 mg./month respectively. 

This was in agreement with datas showed that most of hermit crabs in natural shells 

had higher growth rate than those in artificial shells. One-way ANOVA analysis 

indicated that, hermit crabs in natural top shells and natural babylon shells had the 

highest growth rate. The weight of both natural top and babylon shells may affect the 

growth rate of hermit crab.  

There were significant differences in growth rate as shown in the comparative 

study on both natural and artificial shells. Hermit crabs in natural conch shells had 

lower growth rate than those in natural top and babylon shells. In the other hand, 

hermit crabs in all three artificial shells had lower growth rate than others.  

There was light weight of natural top shell and natural babylon shell but there 

were apparently differences in their outer characteristics, for the natural top shells had 

narrow apertures and small body whorl.  For the natural babylon shells, the body 

whorls appeared large, they had wide apertures and had higher internal volume than 

natural top shells.  

All three patterns of artificial shells had higher average weight than natural 

shells.  This may be a cause of low growth rate. 

According to table 4-9, datas showed that there were differences of total samples 

of hermit crabs at initiate culturing time each glass box. The lowest density of hermit 

crab samples appeared in artificial top shell glass box; the densities were 5 individual 
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per box, whereas the highest density of hermit crab samples appeared in artificial 

babylon shell. The difference of densities in each glass box may cause of difference 

growth rate also. 

A number of earlier studies reported that many factors have an effect on growth.  

These were all in agreement with the findings of this study. Fotheringham (25) 

concluded that at least two variables influence growth in hermit crabs: available 

energy and large space inside their shells. Herreid and Full (26) confirmed that light 

shells save energy and large shells provide the appropriate space for growing. Asakura 

(27) reported that hermit crab males restrained their growth until preferred shells 

(larger and best fitted) became available. 

Bertness (18) studied the influence of shell-type on hermit crab growth rate and 

clutch size. The results of his growth rate experiment showed that Clibanarius 

albidigitus grew significantly more in Nerita funiculata shells than in Cerithium 

stercusmuscarum shells, and significantly higher growth rate were detected in            

C. stercusmuscarum than in P. planicostata shells. These results indicated not only 

that shell-type affects hermit crab growth, but also suggest that light shell-types allow 

higher growth rate than heavier shell-types do.   

Angel(22) studied the effect of shell fit on the biology of the hermit crab 

Pagurus longicarpus which were collected from Nahant, MA, USA. She concluded 

that shell fit significantly affected crab growth rate. The crab in the tightly fitting shell 

grew at a slower rate P. longicarpus to occupy shells too small for them significantly 

decrease their growth rate to near zero. These results concured with many laboratory 

studies of at least four hermit crab species, including P. longicarpus from populations 

in Texas,[Fotheringham(25)], Connecticut, and Nort Carolina,[Blackstone(28)]. 

Although many studies supported that hermit crab choose a lightweight shell to 

live but studies done by Hahn (4) found that hermit crabs may choose to live in a 

heavier shell due to the environment conditions. He found that there were more factors 

considered in the choice of shells. He investigated the effect of prior shell experience 

and water flow on hermit crab shell selection. His population surveys and laboratory 

experiments on shell selection of different weights found that Calcinus seurati 

collected from a high flow site selected significantly heavier shells than those 

collected from the standing water site. Laboratory experiments also showed a tendency 
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for C. seurati to select heavier shells in a high flow treatment than in a no flow 

treatment. These data concluded that either still or flow water may have an influence 

to hermit crab shell selection. 

He suggested that the occupation of a heavier shell has both benefits and costs 

for hermit crab. Since it took more force to move more massive objects, the extra 

weight of a heavier shell could help the hermit crab to avoid being dislodged from the 

substrate. Concomitantly, a heavier shell was typically larger and thicker, thus 

providing more protection for the crab if it were dislodged and tumbled down current.  

Satoshi et. al. (29) studied shell-size preference of hermit crabs depended on 

their growth rate.  They concluded that hermit crab should select larger shells 

availability and alter their preference for shells when shell availability was limited, 

they approach molting and they have a large increase in size at the next molt.  

Several studies found that there are many factors involved in hermit crab shell 

selection. It can be concluded hermit crabs select the shells in which to live based on 

shell morphology, size, weight, internal volume and shell condition. 

 From the results of this study, the shell pattern that gave highest growth rate was 

globose pattern that are babylon shell. Now a day there are many coastal aqua farms 

grow it on a commercial scale because of its taste. The empty babylon shell after taste 

should be use for rehabitat of hermit crabs.  

In addition, Department of Fisheries has many researches about babylon shell. 

There are breeding and culturing babylon shell research. The empty babylon shell 

should be use for hermit crabs also. 
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CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

 

 
6.1 CONCLUSIONS  
 

The comparative study of the growth rates between hermit crabs living in natural 

and artificial shells showed that artificial shells in all three patterns were not suitable 

for hermit crabs. There were significant differences in growth rates and survival rates.  

Hermit crabs living in artificial shells had lower survival rates than those living in 

natural shells.   

The selection behavior of hermit crabs indicated the important factors in the 

selecting their habitation. Hermit crabs spent less time to occupy natural shells than 

artificial shells because of their familiarity with the shape and color of the natural 

shells. The IV/W ratio of shells also influenced the choice of Hermit crabs as to which 

shell to live in or occupy. Hermit crabs chose the shells which had larger shapes and 

lightweight, and which had high IV/W ratio.  Most hermit crabs in this study also lived 

in globose pattern, which also demonstrated high IV/W ratio. 

   
 

6.2 RECOMMENDATIONS 

 

6.2.1 Recommendation from this study 

 

On the basis of this study, the researcher has the following recommendations:  

  

1. The researcher encountered many problems about artificial shell making 

which leads to the observation that artificial shells did not suit hermit 

crabs as their habitation.  
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2. From observations during the culturing time, some errors occurred during 

the experiment. Hermit crabs lived in unsuitable artificial shells, so 

sometimes they left their outer artificial shells as they were not used to 

their texture, weight, color and design. These causes may lead to data error 

in the growth rate comparative experiment.  

     

6.2.2  Recommendations for further study 
 

1.      More studies should be done on hermit crab biology, ecology, culture and  

      breeding. These datas are important for hermit crab conservation. 

2.      In view of the scant information on making artificial shells, efforts should             

      be made to conduct more studies on the raw materials for artificial shell   

      making, including the methods on shaping the artificial shells as close as  

      possible to the natural shells, and making their inner texture and weight  

      likewise similar to the natural shells.  
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APPENDIX A 
 

  Crabs size and shell weight data 
 
Crab size and natural shell 

Crab weight Shell pattern Shell weight Shell internal volume 

0.92 1 2.76 1.7 

0.54 1 3.45 1.4 

0.89 1 2.77 1.5 

1.35 1 2.93 1.9 

1.25 1 2.65 1.4 

0.69 1 2.52 1.8 

1.54 1 3.02 1.7 

1.02 1 2.87 1.3 

0.92 1 2.75 1.8 

1.54 1 2.8 1.6 

0.98 1 3.2 1.8 

1.49 1 2.97 1.6 

0.92 1 3.29 1.7 

1.4 1 3.42 2.1 

0.74 1 2.67 1.9 

0.89 1 2.92 1.5 

1.37 1 3.28 1.6 

1.32 1 2.79 1.7 

0.55 1 2.68 1.7 

0.82 1 3.5 1.4 

0.79 1 2.8 1.5 

1.18 1 2.89 1.4 

1.03 1 2.25 1.3 

1 1 2.4 1.4 
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Crab weight Shell pattern Shell weight Shell internal volume 

0.87 1 2.79 1.5 

0.99 1 2.52 1.8 

1.14 1 3.32 1.4 

0.39 1 2.57 1.6 

1.18 1 2.92 1.5 

0.64 1 2.4 1.1 

0.42 1 2.37 1.4 

0.94 1 2.03 1.4 

0.56 1 2.76 1.7 

0.74 1 2.41 1.2 

0.96 1 3 2 

0.46 1 3.45 1.4 

0.74 1 2.93 1.9 

0.71 1 2.22 1.4 

1 1 2.05 1.2 

1.4 1 2.2 1.2 

1 1 2.76 2 

1 1 2.8 1.6 

1 1 2.57 1.6 

1.01 1 3.29 1.7 

1.14 1 2.67 1.9 

0.91 1 3.12 1.7 

0.36 1 2.47 1.1 

0.98 1 2.76 1.3 

0.45 1 2.68 1.7 

1.01 2 3.97 2.8 

0.87 2 4.28 2 

0.68 2 2.99 1.5 

0.51 2 3.88 2.5 
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Crab weight Shell pattern Shell weight Shell internal volume 

0.68 2 4.43 2.1 

1 2 3.44 1.9 

1.01 2 3.59 1.8 

0.59 2 3.39 1.7 

0.73 2 3.69 1.9 

0.66 2 3.45 1.7 

1.48 2 3.19 3.1 

0.68 2 4.37 1.9 

0.74 2 2.91 2.1 

1.19 2 3.44 2 

0.68 2 4.43 2.1 

0.96 2 3.84 3 

0.8 2 3.39 2.8 

1.04 2 2.81 1.9 

1.33 2 3.75 2.1 

1.22 2 4.16 2.1 

1.34 2 2.79 3 

0.51 2 3.77 1.9 

0.95 2 3.3 2.8 

1.02 2 3.96 2.3 

0.91 2 3.86 2.2 

1.02 2 4.38 2.3 

0.47 2 3.38 2 

1.01 2 3.76 2.1 

0.69 2 2.98 3.1 

0.72 2 3.49 2.1 

0.44 2 3.27 3.2 

0.94 2 4.1 1.8 

0.74 2 3.37 2.8 
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Crab weight Shell pattern Shell weight Shell internal volume 

0.62 2 4.28 2 

1.05 2 2.99 1.5 

1.06 2 4.02 2.4 

0.87 2 3.15 2.2 

0.79 2 3.59 3 

0.75 2 3.09 2.8 

0.53 2 2.81 1.9 

0.62 2 3.75 2.1 

2 2 3.56 2.5 

2 2 4.1 2.3 

2 2 2.92 2.1 

0.58 2 3.74 2 

0.79 2 4.38 2.2 

0.37 2 2.83 2.6 

0.62 2 3.39 1.9 

0.56 2 3.2 1.8 

0.95 2 3.49 2 

0.5 3 3.86 1.6 

1.05 3 3.05 1.6 

0.63 3 3.1 1.7 

0.94 3 3.66 3 

1.11 3 3.24 2.3 

0.61 3 3.55 2.2 

0.56 3 2.8 2.5 

1.05 3 3.3 1.6 

1.12 3 3.24 2.1 

0.88 3 3.25 2.4 

0.9 3 3.5 2.5 

1.3 3 2.75 2.15 
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Crab weight Shell pattern Shell weight Shell internal volume 

1.43 3 2.67 1.99 

1 3 2.72 1.7 

1.29 3 3.5 1.6 

0.91 3 2.61 2 

0.93 3 2.73 1.7 

0.99 3 2.57 1.9 

0.74 3 2.61 1.7 

0.5 3 3.29 1.4 

0.74 3 2.02 2.4 

1.31 3 3.57 1.9 

0.79 3 3.04 1.5 

0.91 3 2.32 2.1 

1.1 3 3.47 2.1 

0.84 3 2.87 1.8 

0.94 3 3.25 2.4 

0.53 3 3.81 1.7 

1.78 3 2.67 1.99 

0.78 3 2.87 2 

0.94 3 2.57 1.6 

0.85 3 2.5 2 

0.43 3 2.94 1.9 

0.59 3 2.74 1.8 

1.44 3 2.99 1.8 

1.22 3 2.57 1.9 

1.27 3 2.78 2 

1.12 3 2.37 2.2 

0.96 3 3.24 2.3 

0.53 3 3.41 2 

0.44 3 2.8 2.5 
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Crab weight Shell pattern Shell weight Shell internal volume 

1.15 3 2.87 1.8 

1.1 3 2.61 2 

0.4 3 2.01 2.9 

0.9 3 2.6 1.5 

0.63 3 2.5 2 

1.1 3 2.73 1.7 

0.53 3 2.38 2.2 

0.37 3 2.68 18 

0.53 3 3.99 2.2 

0.48 3 2.43 1.7 

 sum 465.34 306.43 

 average 3.10 2.04 

 
Remark : Shell pattern  1 = top shell 
                                      2 = conch shell 
                                      3 = babylon shell 
 
Crab size and artificial shell weight data 

Crab weight Shell pattern Shell weight Shell internal volume 

0.93 1 3.43 1.6 

0.55 1 3.05 1 

1.1 1 3.19 0.98 

0.66 1 2.89 1.12 

1.1 1 3 1.1 

1.22 1 3.06 1.3 

0.58 1 3.32 0.85 

0.69 1 2.82 0.85 

0.32 1 3.38 0.8 

0.61 1 3.19 1.3 

0.65 1 3 1.2 

0.54 1 3.8 1.2 
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Crab weight Shell pattern Shell weight Shell internal volume 

0.56 1 2.8 1.2 

0.75 1 3.2 1.1 

0.77 1 3.2 1.2 

0.51 1 3.19 1.2 

0.87 1 3.2 1.4 

0.79 1 3.37 1.3 

0.49 1 3.39 1.2 

0.43 1 4.12 1 

1.02 2 3.8 1.4 

0.4 2 3.8 1.4 

0.69 2 3.9 1.4 

0.6 2 3.8 1.4 

0.37 2 3.9 1.3 

0.59 2 3.8 1.4 

1.03 2 3.9 1.3 

1.12 2 3.5 1.3 

0.75 2 3.4 1.2 

0.69 2 3.1 1.2 

1.01 2 3.1 1.3 

1.04 2 2.65 0.9 

1.46 2 4 1.3 

1.46 2 3.9 1.2 

1.07 2 3.8 1.4 

1.25 2 4.2 1.2 

0.36 2 4.3 1.2 

0.83 2 3.6 1.3 

0.69 2 4.4 1.1 

1.11 2 4.2 1.15 

0.41 2 4.3 1.2 
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Crab weight Shell pattern Shell weight Shell internal volume 

1.41 2 4.4 1.4 

1.56 2 4.5 1.2 

0.42 2 2.5 1.3 

0.9 2 4.46 1.3 

1 2 3.8 1.2 

0.43 2 4.36 1.2 

0.6 2 4 1.3 

0.56 2 4 1.4 

0.67 2 4 1.4 

1.13 2 4.76 1.2 

0.5 2 3.7 1.2 

0.87 2 4.21 1.8 

0.95 2 4.2 1.3 

0.52 2 3.3 1.1 

0.47 2 4.19 1 

0.58 2 3.92 1.4 

0.61 2 3.92 1.1 

0.4 2 4.16 1.1 

0.8 2 3.4 1.1 

0.6 2 4 1.3 

0.54 2 4.16 1 

0.87 2 4.51 1.4 

0.72 2 4.08 1.5 

0.61 2 3.91 1.9 

0.77 2 4.04 1.9 

0.89 2 4.04 1.5 

1.2 2 4.15 1.9 

0.8 2 4.65 1.2 

0.7 2 3.75 1.3 
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Crab weight Shell pattern Shell weight Shell internal volume 

0.91 3 3.33 1.7 

0.59 3 4.26 1.4 

0.55 3 3.83 1.2 

1.09 3 3.94 1.5 

0.55 3 4.24 1.2 

0.66 3 3.5 1.2 

0.79 3 3.53 1.6 

0.78 3 4.18 1.2 

0.93 3 4.13 1 

0.43 3 4.5 1.3 

1.38 3 4.5 0.95 

1.13 3 4.3 1 

0.97 3 4.09 1 

0.8 3 4 1.1 

1.1 3 4.02 1.2 

1.14 3 3.8 1.1 

0.89 3 4.14 1.1 

0.83 3 4.09 0.9 

1.45 3 3.83 1 

1.07 3 3.7 1.2 

0.75 3 1.1 3.99 

0.65 3 1.5 3.64 

1.01 3 3.5 1.2 

1.09 3 1.1 3.91 

0.76 3 1.7 3.56 

0.77 3 2.7 1.6 

0.69 3 1.6 3.56 

0.55 3 1.1 4.23 

1.5 3 1.1 3.9 
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Crab weight Shell pattern Shell weight Shell internal volume 

1 3 3.83 1.2 

1.04 3 3.43 1.6 

1.17 3 3.99 1.3 

0.97 3 4.24 1.2 

1.03 3 3.53 1.6 

1.13 3 4.5 1.3 

1.37 3 4.3 1 

0.49 3 4.09 1 

0.94 3 4.02 1.2 

0.51 3 4.33 1.2 

1.2 3 4.5 1.1 

0.4 3 4.03 1.2 

0.54 3 3 1.4 

0.61 3 4.5 1.2 

0.89 3 3.8 1.9 

0.98 3 4.2 1.7 

1.12 3 3.9 1.9 

1.2 3 3.7 1.9 

1.3 3 3.8 1.8 

1 3 3.8 2 

1.2 3 4 1.78 

1.1 3 3.7 1.8 

1.3 3 3.9 1.9 

1.32 3 4.3 1.78 

1.16 3 4.2 1.8 

1.32 3 4.4 1.9 

0.4 3 3.66 2 

0.38 3 3.08 1.8 

0.24 3 3.2 1.8 
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Crab weight Shell pattern Shell weight Shell internal volume 

0.5 3 2.93 1.2 

0.6 3 2.97 1.9 

0.98 3 3.33 2 

0.78 3 3.12 1.9 

0.67 3 2.92 1.9 

1.02 3 3.24 2 

0.58 3 3.32 1.9 

0.65 3 3.35 1.7 

0.66 3 2.88 2.1 

0.48 3 3.21 1.8 

0.5 3 2.81 2 

0.63 3 3.36 1.8 

0.92 3 3.17 1.5 

0.96 3 3.37 1.5 

0.89 3 3.21 1.9 

0.74 3 4.3 1.4 

0.68 3 4 1.5 

0.79 3 3.51 1.7 

0.6 3 2.94 1.7 

0.75 3 3.35 1.9 

0.89 3 3.42 1.8 

0.58 3 3.9 1.4 

 sum 542.87 225.55 

 average 3.61 1.50 
 
Remark : Shell pattern    1 = top shell 
                     2 = conch shell 
                                        3 = babylon shell 
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  APPENDIX B 
Hermit crab samples habitation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

         Samples collecting site at Koh Chang, Trat province 
 



Fac. Of Grad. Studies, Mahidol Univ.                         M.Sc. (Appro Techn for Resou and Env Dev) / 83 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Samples collecting site at Koh Chang, Trat province 
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APPENDIX  C 
 

Equipments for quality test of the artificial shells experiment 
 
 
 
 
 
 
 
 
 
 
 

Universal Testing Machine 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Agitator 
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Furnace 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Pawanee Rodboon                                                                                                            Appendix  / 86 

APPENDIX  D 
 

Experiment on growth rate comparative study of Hermit crab             
(Clibranarius longitarsus) occupied in natural and artificial shells 

 
 
 
 
 
 
 
 
 
 
 
 

                Experiment design 
 
 
 
 
 
 
 
 
 
 
 

         The experiment condition 
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                Hermit crab occupying in artificial babylon shell 
 
 
 
 
 
 
 
 
 
 

              Hermit crab occupying in natural top shell 
 
 
  
 
 
 
 
 
 
 
 
 

               Hermit crab occupying in natural babylon shell 
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