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ABSTRACT 

The genera of Pincerna and Stomacosmethis are a widely distributed genera in Sarawak. The 

shell variations within these two genera can be observed in certain morphological characters 

which required comprehensive study. Therefore, this research aimed to determine the extent 

of morphological variation of Pincerna and Stomacosmethis based on their shell characters. 

In this study, only one selected Pincerna species (P. globosa) and three species of 

Stomacosmethis (S. hosei, S. sadongensis and S. galbanus) can be found in Sarawak. A total 

of 283 adults P. globosa and 355 adults Stomacosmethis (S. hosei (280), S. sadongensis (42) 

and S. galbanus (33)) collected at limestone cluster in Bau, Padawan, Siburan, Niah and 

Miri. The collected specimens were deposited into Zoological Museum UNIMAS, Universiti 

Malaysia Sarawak. For shell shape analysis, geometric morphometric data was generated 

using landmarks with software tpsDig2 v. 1.1. For the shell size analysis, each shell was 

measured under stereo-microscope and colour images were captured using software 

Toupview. Seven measurements made were used to quantify shell size and shape: shell di-

ameter (D), shell height (H), apertural width (AW), apertural height (AH), height of spire 

(SH) and width of spire (SW), and width of proto conch (PW) with scale 1 mm as guidance. 

Based on landmark analysis, there is a significant variation of shell shape of P. globosa (p < 

0.0001) with respected to LM10, the highest point of the lip and LM15, the external point of 

the lip at the left profile of the shell. Principal component analysis based on geometric mor-

phometrics show a total variation of 37.18% by the first two principal components. Further-

more, the populations from Padawan cluster shows the largest in terms of shell size when 

compared with populations from Bau and Siburan. While, the genus S. hosei (p < 0.0001) 

shows the highest significant difference of LM13, the median lip point and the highest point 

of the lip (LM12). Principal component analysis based on geometric morphometrics show a 
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total variation of 43.78% by the first two principal components. This study also discovered 

S. hosei from Bau cluster has the tallest shells. As a conclusion, there are significant varia-

tions of shell shape and size of Pincerna and Stomacosmethis from Sarawak. From this study, 

it shows that these species offer valuable ecological insights as they can adapt to diverse 

environment condition, serve as bioindicators and species identification which highlighting 

their importance in both ecological and conservation. These finding highlight the potential 

of these land snails to offer valuable ecological insights as they can adapt to diverse envi-

ronment condition, serve as bioindicators and assist in species identification underscore their 

importance in both ecological and conservation efforts.  

Keywords: Pincerna globosa, Stomacosmethis, morphological variation, geometric mor-

phometric, Principal component analysis (PCA)  
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Taburan dan Penilaian Morfologi Genera Pincerna dan Stomacosmethis (Gastropoda, 

Alycaeidae) dari Kawasan Terpilih di Sarawak. 

 

ABSTRAK 

Genera Pincerna dan Stomacosmethis merupakan genus yang tersebar luas di Sarawak. Vari-

asi cangkerang dalam kedua-dua genus ini boleh diperhatikan melalui beberapa ciri morfol-

ogi yang memerlukan kajian menyeluruh. Oleh itu, kajian ini dijalankan bagi menentukan 

tahap variasi morfologi genus Pincerna dan Stomacosmethis berdasarkan ciri-ciri 

cangkerangnya. Dalam kajian ini, hanya satu spesies Pincerna yang dipilih iaitu P. globosa 

dan tiga spesies Stomacosmethis iaitu S. hosei, S. sadongensis, dan S. galbanus yang ditemui 

di Sarawak. Sebanyak 283 individu dewasa P. globosa dan 355 individu dewasa 

Stomacosmethis (S. hosei (280), S. sadongensis (42), dan S. galbanus (33)) telah dikutip di 

gugusan batu kapur di Bau, Padawan, Siburan, Niah dan Miri. Spesimen yang telah dikutip 

telah disimpan di Muzium Zoologi UNIMAS, Universiti Malaysia Sarawak. Untuk analisis 

bentuk cangkerang, data morfometrik geometri telah dijana menggunakan titik penanda 

(landmark) dengan perisian tpsDig2 v.1.1. Bagi analisis saiz cangkerang, setiap cangkerang 

diukur di bawah stereomikroskop dan imej berwarna dirakam menggunakan perisian 

Toupview. Sebanyak tujuh ukuran telah digunakan bagi mengira saiz dan bentuk 

cangkerang: diameter cangkerang (D), tinggi cangkerang (H), lebar bukaan (AW), tinggi 

bukaan (AH), tinggi spira (SH), lebar spira (SW), dan lebar protokon (PW) dengan skala 1 

mm sebagai panduan. Berdasarkan analisis titik penanda, terdapat variasi bentuk cangkerang 

P. globosa yang signifikan (p < 0.0001), terutamanya pada LM10 iaitu titik tertinggi bibir 

bukaan dan LM15 iaitu titik luar pada profil kiri cangkerang. Analisis komponen utama 

(PCA) berdasarkan morfometrik geometri menunjukkan jumlah variasi sebanyak 37.18% 

pada dua komponen utama pertama. Tambahan pula, populasi dari gugusan Padawan 
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menunjukkan saiz cangkerang yang paling besar berbanding populasi dari Bau dan Siburan. 

Manakala, genus S. hosei (p < 0.0001) menunjukkan perbezaan signifikan yang paling tinggi 

pada LM13 (titik tengah bibir bukaan) dan LM12 (titik tertinggi bibir). Analisis PCA menun-

jukkan jumlah variasi sebanyak 43.76% pada dua komponen utama pertama. Kajian ini juga 

mendapati bahawa S. hosei dari gugusan Bau mempunyai cangkerang yang paling tinggi. 

Kesimpulannya, terdapat variasi bentuk dan saiz cangkerang yang signifikan bagi genus Pin-

cerna dan Stomacosmethis dari Sarawak. Kajian ini menunjukkan bahawa spesies ini mena-

warkan maklumat ekologi yang bernilai kerana keupayaannya untuk menyesuaikan diri da-

lam pelbagai keadaan persekitaran, berfungsi sebagai bioindikator, dan membantu dalam 

pengecaman spesies. Penemuan ini menekankan kepentingan mereka dalam aspek ekologi 

dan pemuliharaan. 

Kata kunci: Pincerna globosa, Stomacosmethis, variasi morfologi, morfometrik geometri, 

Analisis komponen utama (PCA) 
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CHAPTER 1  
 

 

INTRODUCTION 

1.1 Study Background 

Morphological variations in a widely distributed taxa may indicate that the organism 

experience different ecological pressures, which mainly caused by various environmental 

stress, including different habitat type, soil mineralogy, geographical differences and eleva-

tion (Goodfriend, 1986; Teusch et al., 2002; Chiba et al., 2009; Martínez‐ Freiría et al., 2009; 

Fruciano et al., 2011; Kramarenko, 2016). Morphological studies using the analysis of quan-

titative data of measurable traits are useful to explore the patterns in size and shape changes 

(Hespenheide, 1973; Klingenberg, 2010). Moreover, to understand the processes influencing 

morphological variation, including factors such as ecology and/or behaviour (Tellería et al., 

2013).  

The gastropod is an ideal model for studying morphological variation and diversifi-

cation because of their high in abundance and quantifiable morphological traits (Davison 

2002; Giokas et al., 2014). For instance, the body size of the great pond snail, Lymnaea 

stagnalis (Lymnaeidae) decreases with the increment of longitude from south to north, even 

though they share similar ecological conditions (Vinarski, 2014). Additionally, the shell size 

may vary in response to a complex combination of environmental factors such as latitude 

and climate such as Albinaria which tends to have smaller shell size in higher latitude and 

have larger area/volume during raining season (Goodfriend, 1986; Giokas et al., 2014), pre-

dation (Chiba, 2007; Parent & Crespi, 2009) and ecotype (Chiba, 2004). Differences in ecol-

ogy and climates may affect the development of lineages which can help to explain the trends 

of morphological variation and adaptation of various taxa (Giokas et al., 2014; Stanchak & 
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Santana, 2018). Variation in shell shape and colour in different populations has been widely 

studied as a tool for understanding processes of adaptation under distinct environmental con-

ditions (Cowie, 1995; Sokolova & Berger, 2000; Miura et al., 2007; Silva et al., 2013). 

The family Alycaeidae Blandford 1864, is an interesting family for studying the mor-

phological variation because many species have a wide distribution range especially in Sa-

rawak. The genera Pincerna and Stomacosmethis which belongs to this family are widely 

distributed from the Western Ghats (India) to Japan in the east, Gansu and Shaanxi provinces 

in the north of China, and in the south of Indonesia (Páll-Gergely et al., 2020). The family 

Alycaeidae is defined by a sutural tube connected to multiple perpendicular, tiny microtun-

nels generated by the outermost shell layer (Páll-Gergely & Auffenberg, 2019). Alycaeidae 

have 367 valid species and subspecies currently classified in several genera which includes 

Cycloryx, Pincerna, Alycaeus, Dicharax, Metalycaeus and Stomacosmethis (Páll-Gergely et 

al., 2020).   

In the current study, the genus Pincerna was selected (represented by sole species 

Pincerna globosa) and Stomacosmethis (represented by Stomacosmethis hosei) as our stud-

ied models, two widely distributed taxa in the western regions of Sarawak. The genus Pin-

cerna Preston, 1907 is an Asian land snail genus (Sang & Son, 2022) and possesses an oper-

culum with an external "circular cup" and can be distinguished by its globular, thinly ribbed, 

and white to orange-coloured shell (Páll-Gergely et al., 2020; Marzuki et al., 2021). This 

species can be found in Kuching, Serian, Kapit and Miri, while in Sabah can be discovered 

in West Coast Division (Marzuki et al., 2021). This species is endemic to Borneo (Marzuki 

et al., 2021), means its spreading is limited in the regions which make it more vulnerable to 

change its environment compared to species with wider ranges. Pincerna is probably most 

closely related to Stomacosmethis in term of morphology, which is similar in shell size and 
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shape (Páll-Gergely et al., 2020). In contrast, the shells of Stomacosmethis Bollinger, 1918 

species are considered as triangular with densely ribbed, usually brightly coloured yellow or 

orange, thin operculum with outer surface usually elevated (Foon & Liew, 2017; Páll-

Gergely et al., 2020).  

In this study, the morphological variation was identified in these two genera, Pin-

cerna and Stomacomethis, populations collected from selected areas in Sarawak. Therefore, 

analysing shell shape and size variation using a geometric morphometric method is a useful 

tool for understanding species geometric morphometrics. This method has been applied to 

examine shell shape variation (Conde-Padin et al., 2007; Haase & Misof, 2009; Rao et al., 

2018) and usually present the advantage of reducing the effects caused by size, location, 

rotation, scale, and experimental bias, which are frequently seen in standard morphometric 

analyses (Rohlf & Marcus, 1993; Schilthuizen & Haase, 2010). In addition, analysing shell 

shape and size variation using morphological measurements and a geometric morphometric 

method are often used to compare the shell morphology of different populations. The land-

mark method is useful to measure the degree of deformations of morphometric points in 

coordinate space that focuses on size and shape.  

Pincerna and Stomacomethis can be identified based on the size and shape, and char-

acter of their shells, which allows for detailed comparison of their morphology. Therefore, 

the current study is conducted to compare the variation of the morphological character (shell 

diameter (D), shell height (H), apertural width (AW), apertural height (AH), height of spire 

(SH) and width of spire (SW), and width of proto conch (PW)) of the species Pincerna and 

Stomacomethis from different population in selected areas in Sarawak (Chiba, 2004; 

Vasconcelos et al., 2021). In addition, this study aims to determine the relation of ecological 

factors, morphological features and distribution of the species Pincerna and Stomacomethis.  
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1.2 Problem Statement  

There are approximately 1,000 recognised land snail species in Malaysia (Liew et 

al., 2021). Extensive variation in land snail shell morphology has been widely documented, 

although few studies have attempted to investigate the ecological and evolutionary drivers 

of the variation (Kotsakiozi et al., 2013). But these studies generally apply to land snail, not 

specifically on the genera of Pincerna and Stomacomethis. Therefore, it remains unclear if 

the shell and shape variation among different populations of the genera Pincerna as well as 

Stomacosmethis does exist.  The genera Pincerna and Stomacosmethis were selected for this 

study due to their overlapping distribution in the selected areas in Sarawak as they are mainly 

can be spotted in limestone habitat such as Bau, Padawan and Siburan (Páll-Gergely et al., 

2020; Marzuki et al., 2021). Despite coexisting in similar ecological habitats, these genera 

exhibit distinct shell morphologies, particularly in shape and size (Páll-Gergely et al., 2020). 

To date, there is no study has been conducted to examine the morphological variation of 

Pincerna and Stomacomethis although they show some variation based on shell shape and 

size. Hence, this study is conducted to examine the morphological variation of these two 

genera based on their shell shape and size. The lack of proper documentation of comparative 

morphology could also prove to be a limiting factor in further studies and the identification 

process of this genus. 

1.3 Objectives 

The morphology of a species can be distinguished by its distinctive characteristics which 

might be influenced by the ecological factors. Pincerna and Stomacosmethis can be identi-

fied based on the measurement and shape of their shells, which allows for comparison of 

their morphology. Therefore, the current study is embarked to achieved the following objec-

tives:  
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i. To determine the distribution of the genera Pincerna and Stomacosmethis in Sa-

rawak. 

ii. To analyse the morphological variations of shell shape and size of the genera 

Pincerna and Stomacosmethis from different population in Sarawak.  

1.4 Hypothesis statements 

Land snails show morphological variation based on shell shape and size across different 

populations. However, it still remains unclear if the shell and shape variation among different 

population of the genera Pincerna and Stomacosmethis.  

i. Hypothesis 1 (H1): The distribution of the genera Pincerna and Stomacosmethis 

in selected areas in Sarawak is environmentally influenced with the specific en-

vironment such as limestone habitat and vegetation areas.  

ii. Hypothesis 2 (H2): There are morphological differences in shell shape and size 

among different populations of the genera Pincerna and Stomacosmethis in se-

lected areas in Sarawak.  

1.5 Chapter summary 

This thesis is about the study of morphological variation of land snails due their di-

versity in ecology and morphology in variation of shell traits. Morphological studies using 

the analysis of qualitative and quantitative data of measurable traits are useful to explore the 

patterns in size and shape changes (Hespenheide, 1973; Klingenberg, 2010). In this study, 

the genus Pincerna (represented by sole species Pincerna globosa) and Stomacosmethis 

(represented by Stomacosmethis hosei) were selected as studied sample, a widely distributed 

taxa in the western regions of Sarawak. However, there is no study conducted to examine 

the morphological variation of Pincerna and Stomacomethis although they show some 
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variation based on shell shape and size. Therefore, this study will conduct to determine the 

distribution of the genera Pincerna and Stomacosmethis in Sarawak and examine the mor-

phological variation of these two genera based on their shell shape and size. 

In literature review, the existing literature will be review focusing on the family of 

the genera Pincerna and Stomacosmethis, Alycaeidae, with their distribution and the factors 

that influence the morphological variance. Pincerna globosa is the only known Pincerna in 

Sarawak that can be found in Kuching, Serian, Kapit and Miri, while in Sabah can be dis-

covered in West Coast Division. Whereas, Stomacosmethis represented by species S. hosei, 

S. galbanus and S. sadongensis are known to be found in Kuching, Sadong and Serian divi-

sions of Sarawak and is endemic to Borneo. 

Data analysis is divided into two categories which are shell shape analysis and shell 

size analysis. For the purpose of analysing the morphological variation of P. globosa and S. 

hosei, a geometric morphometrics (GM) was employed using MorphoJ with the aim to study 

the shape using landmark-based method. Shape data corrected for size were analysed with 

Principal component analysis (PCA) to explore the morphological variation. Analysis (PCA) 

on collected measurement data to explore the morphological variation among P. globosa and 

S. hosei.  Finally, regression analysis conducted to assess variances in morphological char-

acters between regions. 

  



7 

 

CHAPTER 2  
 

 

LITERATURE REVIEW 

2.1 The Family Alycaeidae Blanford, 1864  

The family Alycaeidae is a group of family that can be distinguished by their globu-

lar, conical shells and an exposed tube at the suture (known as breathing tube) which runs 

from the constriction to whorls prior to the constriction (Foon & Liew, 2017; Páll-Gergely 

et al., 2020). There are approximately of 363 taxa which covers 320 species or 43 subspecies 

within this family (Páll-Gergely et al., 2020). In Asia there are around 360 Asian species 

have been described and classified into 14 genera (Páll-Gergely et al., 2020). Asian Alycae-

idae are extensively spread from southern India to Japan which also cover northern Vietnam, 

the Malay Peninsula, the eastern Himalaya region and southern Japan (Aravind & Páll-

Gergely, 2018). 

2.1.1 The genus Pincerna Preston, 1907 

The genus Pincerna is an Asian land snail which in the superfamily of Cyclophoridae 

Gray, 1847 (Sang & Son, 2022). The genus Pincerna are widely distributed in Southeast 

Asia and only one species of Pincerna can be spotted in Sarawak. For instance, P. globosa 

(H. Adams, 1870) is the only known Pincerna in Sarawak that widely distributed in Kuching, 

Serian, Kapit and Miri, while in Sabah can be discovered in West Coast Division (Marzuki 

et al., 2021). This species is endemic to Borneo, means its spreading is limited in the regions 

which make it more vulnerable to change its environment compared to species with wider 

ranges. This species can be identified by possesses an operculum with an external "circular 

cup" and can be distinguished by its globular, thinly ribbed, and white to orange-coloured 
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shell (Páll-Gergely et al., 2020; Marzuki et al., 2021).  The species P. globosa can be found 

on the leaves of small trees and palms at the base of the limestone cliff (Marzuki et al., 2021). 

 

Figure 2.1:  Shell morphology of A Camalycaeus specus B Pincerna globosa C 

Stomacosmethis hosei D Stomacosmethis sadongensis (Source: Marzuki et 

al., 2021) 

 

2.1.2 The genus Stomacosmethis Bollinger, 1918 

Stomacosmethis was defined on the basis of a pipe, tongue or cup-shaped structure 

on the outer side of the operculum and included two species from southern Celebes and 

eastern Borneo (Páll-Gergely et al., 2020). S. hosei (Godwin-Austen, 1889) can be identified 

with its protoconch has no spiral lines, weak ribs and some indication of weak spiral striae 

very short, with darker wider and light slimmer stripes (Páll-Gergely et al., 2020). They can 

be found with it shell covered with calcareous dirt and usually foraging on the wet limestone 
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rock surfaces that covered with lichens. While S. sadongenesis (E. A. Smith, 1895), this 

species differs from other Bornean species of Stomacosmethis by having a shell with dense, 

regular, rather low riblets on the shell instead of irregular low riblets (Marzuki et al., 2021). 

They were observed foraging also on wet vertical limestone rock surfaces covered with 

mosses and lichens. S. galbanus (Godwin-Austen, 1889) is the only Stomacosmethis that 

only can be found at Niah hills (Páll-Gergely et al., 2020). They can be identified with their 

protoconch without spiral lines, matte, with irregular, rather strong ribs and very weak spiral 

lines, very short, with alternating darker/wider and lighter/narrower stripes, the overall sur-

face is seemingly irregularly wrinkled (Páll-Gergely et al., 2020). 

2.2 Shell variation in shape and size of land snail 

Generally, the variation in shell shape and size of land snail influence by the differ-

ence environmental characteristics. For instance, larger snails tend to be found in more hu-

mid environment while smaller shells can be spotted in population with higher density 

(Goodfriend, 1986). These patterns suggest that different shell morphology may affected by 

differences adaptive responses to ecological pressure, making it a one of the traits for deter-

mine the environmental influences on species distribution and shell structures (Ashcroft et 

al., 2010; Proćków et al., 2018). 

2.2.1 Shell variation of Pincerna and Stomacosmethis  

Pincerna is known as an Asian land snail genus, which is classified in the family 

Alycaeidae (Sang & Son, 2022). The genus Pincerna have different shell shape and size. A 

new species has been discovered by Páll-Gergely (2017), P. yanseni that have founded in 

Medan, Indonesia. P. constricta is comparable in size and shape to P. yanseni, but has a 

more elevated spire, stronger and more widely spaced ribs, and weaker spiral striation (Páll-

Gergely, 2017). In addition, another five species of Pincerna were spotted in Vietnam and 
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Loas which are P. anceyi, P. contulosus, P. mouhoti, P. vanbuensis and new identified spe-

cies, P. clausa. P. clausa is morphologically closely to P. vanbuensis but have different 

umbilicus and have stronger spiral striations on the protoconch (Sang & Son, 2022).  

 

Figure 2.2:  Representative shell of Pincerna, A P. constricta B P. yanseni, showing the 

characteristic morphology of the genus. Scale = 1 mm (Source: Páll-Gergely, 

2017) 

 

Another new species of Pincerna was discovered in western Hubei, China, P. vallis 

and the Vietnamese species of P. costulosa is also reported in Yunan, China (Chen & Wu, 

2020). Additionally, P. yaanensis from Yaan City, Sichuan Province, China (Chen, 2022). 

Consequently, this proves that the genus Pincerna show different shell shape and size to 

support adapt in different habitat conditions. Geographic distribution from this genus also 

highlights the ecological diversity and their adaptability, as they can be found in variety 

habitats across different regions.  
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On the other hand, Stomacosmethis is known for its triangular shells with a very short 

breathing tube (Páll-Gergely et al., 2020). In Sarawak, there are two Stomacosmethis that 

was identified by Marzuki et al. (2021), which are S. hosei and S. sadongensis. These two 

species labelled as endemic to Borneo and widely distributed in Sarawak specifically for 

species, S. hosei. Additionally, Páll-Gergely et al. (2020) have explained in more detailed 

about Stomacosmethis and Pincerna. For instance, A. balingensis, a species that was classi-

fied under genus Pincerna for its rounded shell is now reclassified as Stomacosmethis. This 

shows that these two genera are not a mutually monophyletic where they may share over-

lapping evolutionary histories (Páll-Gergely et al., 2020). Although Stomacosmethis and 

Pincerna are widely distributed in Southeast Asia, a detailed studies focusing on their mor-

phological variation still remain limited.  

 

Figure 2.3:  Shell morphology of Alycaeus balingensis, A–E Shell of syntype, NHMUK 

1948.10.2.4 F–J Shell of BOR/MOL 8357 K–M Close up of shell of 

BOR/MOL 8357 N–Q Operculum of BOR/MOL 8357 R–V Shell of 

BOR/MOL 8361. Scale bars: A–J, R–V, K, L 1 mm; M, N–Q 0.5 mm. 
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Photographs A–E by NHM staff (copyright of NHM, reproduced with per-

mission). Photographs F–V by Junn Kitt Foon. (Source: (Foon & Liew, 

2017). 

 

2.2.2 The factors influencing shell variations 

There are several factors that contribute to the variation in shell shape and size in 

land snail. These factors can be divided into two which are biotic and abiotic factors. Biotic 

factors refer to the influences of living organism such as predation, competition and availa-

bility of resources which directly affect the abundance, morphology and life history of land 

snails (Anderson et al., 2007; Wehner et al., 2019). On the other hands, abiotic factors refer 

to environment or non-living characters such as the availability of calcium, pH, temperature 

and humidity which also can influence the distribution and habitat preferences and the shell 

formation of land snails (Gärdenfors et al, 1995; Olkeba et al., 2020). Altogether, these two 

factors’ interactions can influence the shell morphology of land snails in term of shape and 

size.  

2.2.2.1 Biotic factors  

The measurable shell traits of land snails focus on shell size measurements which 

also correlated with the environment factors such as resource abundance and competition. 

These factors play crucial role in shaping the shell shape of snails to adapt in their habitats. 

For example, Chondrina clienta, shows variation on shell height in different population 

where they found out that the shell height tends to be higher in vegetation areas (Baur, 1988). 

In contrast, the shell height is lower when the other land snail, Balea perversa coexist in the 

same population since they compete for resources. This highlights two type of competition 

affecting shell height variation which are interspecific competition between different species 

(C. clienta and B. perversa) and intraspecific competition within the same species. Similarly, 
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intraspecific competition can be observed in Cepaea nemoralis at Druridge Bay where they 

show negative correlation between shell size and population density which means the shell 

size tends to decrease (Perry & Arthur, 1991). This might be due to competition for resource, 

prey and predator or stress factors due to highest density in the single species colony.  

Other than competition, the availability of resources (calcium) also plays crucial 

roles in distribution and abundance of land snails. For instance, the amount of calcium in 

soil from two different sites significantly influenced the abundance of land snails. Study 

done by Juřičková et al. (2007), shows that Tufa site, where the soil is high in calcium 

strongly controlled species richness and abundance. However, at the Boulder site, where 

calcium comes from vegetation, only species composition is affected by calcium availability. 

This suggest that the availability of calcium is the main resources for the land snails which 

give impact on their ecology, distribution and shaping species composition (Jubb et al., 2006; 

Juřičková et al., 2007; Charrier et al., 2013; Rygało-Galewska et al., 2023). The more the 

calcium they consumed, the more their body weight and shell length increase while the snails 

that lack calcium tend to have high mortality rates and unable to produce eggs (Egonmwan, 

2008).  

2.2.2.2 Abiotic factors  

The descriptive characteristic of land snails focuses on the features or characteristics 

that provide information of their shell morphology, behaviour and habitat preferences. Shell 

morphology (size and shape) is important indicator to show how they interact with the envi-

ronment. For example, the shell structure of land pulmonated snail varies in several ways 

and the variations are crucial for classification and differentiate between species (Suvorov, 

2002). In this paper, it explained the range shell size can be small to large which can be differ 

based on several factors such as the diameter of umbilicus, number of coils and height-width 
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ratio. The gastropod Bostryx torally from different localities also shows the same aspects 

where it shows variation on their shell shape and colouration (Miranda, 2020). The findings 

found significant differences in shell shape even from small geographic area.    

Shell shape of land snail can also be different based on their habitat, for example land 

snail at a rocky environment tend to have high-spired shells to provide support and protection 

while snails in bushy or soils area have a low-spired shell (Heller, 1987). Chiba and Davison 

(2007) also mentioned that Mandarina polita with high-spired shells can be found in wet 

and sheltered areas while low-spired shells usually found in dry and exposed areas. These 

finding shows that ecological interaction and microhabitats can influence the shape mor-

phology of land snails.  

Other than shell shape, shell colour and pattern also play crucial role on land snail as 

a character used to recognised and identify the species (Williams, 2016). It stated that pre-

dation and environment factors contribute to the evolution of shell colour. For example, the 

land snail Cepaea nemoralis across British Isles and Europe shows different shell colour 

which affected by predation which resulting them to evolved shell colour and pattern to help 

them blend into their habitats which leading to the morphological variation (Jones et al., 

1980). Same case for the land snail Mandarina (Pulmonata), the sympatric species, experi-

enced shell colour variation caused by the competition among the snail species. It shows that 

snails who lives in wet and sheltered areas tend to have dark shells while snails in dry and 

exposed areas have bright shells colour. From the interaction among species, it helps to 

maintain the colour polymorphism in the snail population and contribute to the variation of 

their ecological and morphological characters (Gefaell et al., 2022). 
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2.3 The geographical distribution of the genus Pincerna and Stomacosmethis  

The distribution of the genus Pincerna is widely spread from the southeastern Hima-

laya to northern Vietnam and northern Laos, and Sumatra, the southern part of the Malay 

Peninsula, and northern Borneo while the genus Stomacomethis is spreading in Thailand, 

Myanmar and also Sumatra, the southern part of the Malay Peninsula, and northern Borneo 

(Páll-Gergely et al., 2020). Since this study only focus in Sarawak, the genus Pincerna, rep-

resented by P. globosa can be spotted in Kuching, Serian, Kapit and Miri (Marzuki et al., 

2021). Interestingly, despite being widely reported in Sarawak by Marzuki et al. (2021), P. 

globosa was not observed in limestone cluster Miri or Niah during this study. While for the 

genus Stomacosmethis, represented by species S. hosei, S. galbanus and S. sadongensis are 

known to be found in Kuching, Sadong and Serian divisions of Sarawak and is endemic to 

Borneo (Páll-Gergely et al., 2020; Marzuki et al., 2021). Furthermore, according to Páll-

Gergely et al. (2020), S. galbanus has been recorded in Niah National Park where they are 

known to be highly abundant. 

Limestone karst in Southeast Asia is rich in calcium environment which make them 

as a hotspot for the land snail diversity (Schilthuizen et al., 2005; Von Oheimb et al., 2019; 

Boonmachai et al., 2023). For instance, Schilthuizen et al. (2003) studied that the environ-

mental between limestone and non-limestone habitats in Sabah suggest the potential for sig-

nificant in shell morphology were influenced by calcium and habitat conditions. It shows 

that snail abundance in Tabin (only limestone outcrop) was higher compared to Danum 

(limestone and sandstone) which conclude how substrate can drive the abundance correlates 

with the morphology and ecological process in land snail population.  This suggest that lime-

stone conditions, such as calcium availability and pH could similarly influence Pincerna and 
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Stomacosmethis distribution and abundance in Sarawak since these two genera found in dif-

ferent habitat type (vegetation areas and limestone karst).  

A study done by Mujiono and Priawandiputra (2020) highlight that different geo-

graphical and ecological areas within limestone kart in Java influence the species abundance 

and species richness. It shows that Landouria rotatoria and Japonia ciliocinctum   are widely 

distributed within Java’s karst habitat proves that they able to adapt to multiple karst envi-

ronments. Similar to how these two species widespread distribution in Java, the genus Pin-

cerna and Stomacosmethis are also widely distributed throughout Sarawak. This wide-rang-

ing distribution underscores the adaptability of these genera to diverse in various limestone 

habitat and emphasizes the ecological significant of limestone karst in Sarawak as reservoirs 

of biodiversity.   

2.4 Geometric morphometric analysis of shells  

Geometric morphometric (GM) analysis can be used on analyze shell size and shape 

data (Haase et al., 2014) and can identify the causes of variation within and between the 

individuals (Lawing & Polly, 2009). In geometric morphometrics, the examination of 3D 

structures often involves the use of 2D images. Most studies on geometric morphometrics of 

mollusc shells, rely on 2D images, with 3D images being infrequently employed (Márquez 

and Averbuj, 2016; Márquez et al., 2011; Scalici et al., 2016). 

Geometric morphometric (GM) analysis commonly used in gastropods shells since 

they growth by adding layers and not changing shape. This tool can explore and understand 

the shape and form of shells by examine the outline-based shape which can provide infor-

mation on their variation (Sobrepeña & Demayo, 2014). This study shows that Achatina 

fulica from different localities in Philippines exhibit variations in shell shape both intra- and 

inter- population suggesting the species experiencing phenotypic plasticity where their 
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physical traits change in response to different environment conditions. Geometric morpho-

metric (GM) analysis also has been applied on the size and shape Placostylus on the Isle of 

Pines, New Caledonia, which discuss either their shell differences might be influences by 

genetic factors, rather than environmental differences (Quenu et al., 2020).  

This analysis also can be used on analyze shell size and shape data (Haase et al., 

2014). For instance, GM analysis used to examine the shell shape variation among localities 

of species Bostryx torallyi (Miranda, 2020). It shows a variation on shell between low and 

high latitude suggesting latitude as the one of the factors for the morphometric differences. 

The specimens from different localities within a small geographic area there are still have a 

high level of morphological variability in shell shape which due to environmental factors or 

microhabitat differences. Giokas et al. (2014) also supporting the fact that latitude plays 

significant role in shaping the morphological such as size and shape. Geometric morphomet-

ric analysis is very useful in identify the shape variation of genus Albanaria by analysing 

specific landmarks on shell surface which allow precise measurement and compare morpho-

logical differences across different localities from different latitude.  

The classification of specimen into different categories based on their shell shape and 

size also can use the same tool, geometric morphometric (GM) analysis (Quenu et al., 2020). 

This study uses Placostylus as sample that have both geometric and genetic information from 

previous study (Dowle et al., 2015) and the results shows the snails were divide into two 

group based on their shell shape supported by the genetic data where these groups are two 

separate species. Other than that, geometric morphometric (GM) methods also an effective 

tool in identifying variances on shell shape and size between different sexes (Minton & 

Wang, 2011; Moneva et al., 2012; Cabuga et al., 2017; Phung et al., 2022). For instance, 

sexual dimorphism in shape exists in Viviparus subpurpureus where the shell shape shows 
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differences between male and female (Minton & Wang, 2011). Females tend to have rounded 

shell with wider aperture which helps them to have better brooding since they have larger 

shells size. In Table 2.1 is the summarize of the previous studies that used geometric mor-

phometrics for various research purposed.  

 

Table 2.1: Overview of studies using geometric morphometrics. 

Species (Genus/ 

Family/Class) 

Scope of study Number 

of land-

marks 

Study by 

Placostylus (Gat-

ropoda, Bothriem-

bryontidae) 

 

To investigate the size 

and shape variation of 

the shells of the en-

demic land snail 

Placostylus. 

40 Quenu et al. (2020) 

Albinaria (Gat-

ropoda, Clausi-

liidae) 

To identify the shell 

variation influenced 

by stressful environ-

mental factors. 

16 Giokas et al. (2014) 

Theba (Gatropoda, 

Helicidae) 

To restructure the an-

cestral shapes and 

sizes at the using geo-

metric morphometric 

methods.  

10 Haase et al. (2014) 

Achatina fulica 

(Gatropoda, 

Archatinidae) 

To quantitatively de-

scribe the differences 

in shell shape of 

Achatina fulica 

changes based on its 

banding patterns and 

geographical locations 

in Philipines. 

199 Sobrepeña & Demayo (2014) 

 

Bostryx torallyi 

(Gatropoda, Bulim-

ulidae) 

To evaluate the shell 

shape variation and 

provide the anatomical 

information of B. 

torallyi. 

9 Miranda (2020) 

 

Placostylus (Gat-

ropoda, Bothriem-

bryontidae) 

To determine the fac-

tors that influence the 

diversity of Placosty-

lus by using geometric 

28 Dowle et al. (2015) 
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morphometric and ge-

netic structure to ex-

amine the shell shape.  

Viviparus (Gat-

ropoda, Vivipari-

dae) 

To test the shape dif-

ferences between male 

and female Viviparus 

(sexual dimorphism) 

by using geometric 

morphometric. 

19 Minton & Wang (2011) 

Pomacae canalicu-

lata (Gatropoda, 

Ampullariidae)  

To explore the sexual 

dimorphism in P. can-

aliculata by using geo-

metric morphometric.  

21 LMs 

on aper-

ture view 

and 17 

LMs on 

dorsal 

view.  

Moneva et al. (2012) 

Pomacea canicu-

lata (Gatropoda, 

Ampullariidae) 

To describe shell vari-

ations and sexual di-

morphism in P. canic-

ulata by using geomet-

ric morphometric. 

16 LMs 

on dorsal 

view and 

21 LMs 

on aper-

tural 

view.  

Cabuga et al. (2017) 

Leptopoma perlu-

cidum (Gatropoda, 

Cyclophoridae) 

To identify the differ-

ences in shell size and 

shape between male 

and female of Lepto-

poma perlucidum. 

9 Phung et al. (2022) 

Crotalus adaman-

teus (Reptilia, Vi-

peridae) and Ge-

netta spp., (Mam-

malia, Viverridae) 

In this paper it dis-

cusses how geometric 

morphometric can be 

use in different objec-

tive such as identifying 

hybrid zones and hy-

brid individuals in a 

group, to identify the 

shape characters that 

most linked to geo-

graphic cline and to 

explore how defor-

mation or changes on 

morphometric struc-

tures. 

- Lawing & Polly (2009) 
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CHAPTER 3  
 

 

MATERIALS AND METHODS 

3.1 Sampling Areas  

Sampling was conducted along the Western part Sarawak, from Bau to Miri, between 

October 2022 and May 2023. The adult specimens of Pincerna and Stomacosmethis were 

collected from different limestone clusters in Bau, Padawan, Siburan, Miri and Niah. Each 

cluster is known for its unique geological formation and limestone abundance. The sampling 

areas were specifically chosen due to the known habitat preference of these genera for lime-

stones environments. These limestone cluster is abundance with shaded rocks and variety 

habitat condition make it perfect for the species to thrive (Schilthuizen et al., 2003; Clements 

et al., 2008; Marzuki et al., 2021). The sampling areas are illustrated in Figure 3.1. 

 

Figure 3.1: Map showing the highlights the sampling sites of the studied populations of 

Pincerna and Stomacomethis which cover limestone cluster Bau, Padawan, 

Siburan, Miri and Niah. 
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3.2 Fieldwork  

Active search was conducted in a plot measuring approximately 20 m × 20 m with 

three people for at least 45 minutes at each sampling site. The live specimens were collected 

and immediately placed inside tubes containing ~96% of ethanol for preservation. The soil 

sample and leaf litter collected for each sampling site then undergo floatation method where 

the soil put in the basin full of water and the snails would float on the water. After collecting 

all the land snails from the soil samples, each specimen is magnified, followed by sorting 

using a stereomicroscope for identification and cataloguing of the snail shells. All collected 

specimen deposited into Zoological Museum UNIMAS, Universiti Malaysia Sarawak. 

3.3 Species identification 

In species identification, the shell features of each species were examined closely in 

these two genera, Pincerna and Stomacosmethis as they share several similarities due to 

belonging to the same family, Alycaeidae. A detailed species identification was conducted 

in distinguishing them based on noticeable differences in their shell characteristics (Páll-

Gergely et al., 2020; Marzuki et al., 2021). This identification was carried out mainly through 

direct observation with the naked eyes, aided with microscope focusing on the key morpho-

logical traits that distinct between these species. This method allowed us to characterise and 

distinguish these species despite their overall similarities. Moreover, from species identifi-

cation also provides information in the population dynamics and detecting changes in their 

distribution and abundance over time (Cha et al., 2023). Pincerna and Stomacosmethis hold 

ecological importance as bioindicators and contribute to nutrient cycling within limestone 

ecosystems as like other land snail (Nation, 2005; Gheoca et al., 2021; Salih et al., 2021). 

Their limited distribution and habitat specificity also highlight their conservation value in 
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Sarawak. Additionally, their morphological diversity is important for future biodiversity re-

search.  

3.3.1 Identification of species of the genus Pincerna (Preston, 1907) 

So far, only one species of Pincerna is currently recognised in the region and known 

as endemic to Borneo which is P. globosa (Figure 3.2). It can be identified by the following 

characteristics:  the shell is dextral, thick, solid, sub-glossy with an orangish to yellowish. 

The overall texture is robust and smooth, suture deep. It consists of two whorls with a short 

breathing tube, have denser ribs and smooth protoconch sculpture. The shape of the aperture 

rounded and not descending. The peristome expanded and equally reflected, internally thick-

ened and boundary between inner and outer peristomes visible and also have open, narrow 

umbilicus. The species dimensions include a diameter of 3.90 - 5.32 mm, a height of 3.7 - 

5.2 mm, a width aperture of 2.26 - 3.22 mm, an aperture height of - 2.00 - 2.93 mm and a 

protoconch size of 0.94 - 0.96 mm. The distribution of P. globosa is limited to specific re-

gions within Sarawak including Bau, Padawan and Sibu, particularly areas with abundant 

vegetation and limestone karst.  

 

Figure 3.2: The (a) aperture view, (b) lateral view, (c) ventral viem and (d) dorsal view 

of Pincerna globosa. Scale = 5 mm. 
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3.3.2 Identification of the species of the genus Stomacosmethis (Bollinger, 1918) 

Only three species of Stomacosmethis is currently recognised in Sarawak and known 

as endemic to Borneo (Marzuki et al., 2021).  First is S. hosei where they can be identified 

with these characters: they have shell dextral with pear-shaped, thick, solid and sub-glossy 

with orangish to yellowish colour (Figure 3.3). The overall texture is triangle and smooth 

and consist of four whorls with a very short breathing tube, have denser ribs and smooth 

protoconch sculpture. Their aperture is rounded and not descending while the peristome ex-

panded and equally reflected, internally very thickened and boundary between inner and 

outer peristomes visible. Umbilicus: open, narrow. This species dimensions include a diam-

eter of diameter 3.93 - 6.08 mm; a height of 4.57 - 6.80 mm; a width aperture of 2.28 - 3.64 

mm; a height aperture of 0.33 - 3.92 mm and a protoconch of 0.35 - 0.80 mm. The distribu-

tion of S. hosei is widely spread within Sarawak (Bau, Padawan, Siburan and Miri), partic-

ularly areas with abundant of limestone karst.  

 

Figure 3.3: The (a) aperture view, (b) lateral view, (c) ventral viem and (d) dorsal view 

of Stomacosmethis hosei. Scale = 5 mm. 

 

Next is S. sadongensis where they can be identified with these features: the shell 

dextral with pear-shaped, thick, solid, sub-glossy, orangish to yellowish, have darker strips 
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and light strips in between (Figure 3.4). The overall texture is triangle and smooth and consist 

of four whorls with very short breathing tube, have denser ribs and smooth, elevated proto-

conch sculpture. They have rounded and not descending aperture. On the other hand, the 

peristome is expanded, internally very thin and boundary between inner and outer peristomes 

visible and have open, narrow umbilicus. This species dimensions include a diameter of 4.49 

- 5.67 mm, a height of 4.33 - 5.48 mm, a width aperture of 2.16 - 2.95 mm, a height aperture 

of 1.93 - 2.69 mm and a protoconch of 0.32 - 0.69 mm. This S. sadongensis has a distribution 

limited to specific regions within Sarawak (Bau, Sadong and Siburan), particularly areas 

with abundant vegetation and limestone karst.  

 

Figure 3.4: The (a) aperture view, (b) lateral view, (c) ventral viem and (d) dorsal view 

of Stomacosmethis sadongensis. Scale = 5 mm. 

 

The only species of Stomacosmethis that can be found in Niah National Park and have the 

largest shell among them is S. galbanus (Figure 3.5). This species can be identified with 

these characteristics: the shell dextral, thick, solid, matte, the colour pattern with darker areas 

being wider and lighter areas being narrower. The overall texture is uneven texture, suture 

deep and consist of four whorls with very short breathing tube, have denser ribs and smooth 

protoconch sculpture. The aperture is rounded, tending toward an oval shape and have 
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expanded and equally reflected peristome, internally thickened and boundary between inner 

and outer peristomes visible. Umbilicus: open, narrow. This species dimensions include a 

diameter of 5.86 - 6.73 mm, a height 4.92 - 6.41 mm, a width aperture 3.08 - 3.75 mm, a 

height aperture 2.52 - 3.72 mm and a protoconch of 0.41 - 0.81 mm. This species has a 

distribution limited to only one specific regions in Sarawak (Niah National Park), particu-

larly areas with abundant of limestone karst with not exposed to sunlight.  

 

Figure 3.5: The (a) aperture view, (b) lateral view, (c) ventral viem and (d) dorsal view 

of Stomacosmethis galbanus. Scale = 5 mm. 

 

3.4 Statistical analysis  

3.4.1 Normality test  

In order to avoid errors in ANOVA which can lead to inaccurate results, the Shapiro-

Wilk test was used to determine the normality (Shapiro & Wilk, 1965; Rahman & Go-

vindarajulu, 1997). Nevertheless, the precision depends on the sample size as W-statistic can 

be affected by how many observations are included (De Souza et al., 2023). Therefore, the 

Shapiro-Wilk normality test was applied to assess whether the shell data of individual spec-

imens of Pincerna and Stomacosmathis from each limestone cluster followed a normal dis-

tribution.  
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Raw data of Pincerna and Stomacosmathis that were collected per regions were en-

tered in Excel and the Shapiro-Wilk test was run using RStudio v. 4.2.2. The W-statistics 

indicates the measure of normality with closure to 1 and p-value more 0.05 (p > 0.05) sug-

gesting to more likely normally distributed (Shapiro & Wilk, 1965). 

3.4.2 Shell shape analysis  

Pincerna globosa and S. hosei was used as a representative to analyse the morpho-

logical variation using a geometric morphometrics (GM) with the aim to studying the shape 

through landmark-based method (Conde-Padin et al., 2007; Haase & Misof, 2009) as they 

are widely distributed and high abundance in Sarawak. The geometric morphometrics (GM) 

usually present the advantage of reducing the effects caused by size, location, rotation, scale, 

and experimental bias, which are frequently seen in standard morphometric analyses (Rohlf 

& Marcus, 1993; Schilthuizen & Haase, 2010).  This method consists in studying the covari-

ation between shape variables among individuals (Rohlf & Marcus 1993). Digital images 

were taken from shells at each locality then TpsUtil software was used to create the input 

file (Rohlf, 2004). On each image, the shells' geometric morphometric size and shape pa-

rameters were generated using 16 landmarks (LMs) for P. globosa (Table 3.1) and 20 land-

marks (LMs) for S. hosei (Table 3.2) describing the shell and aperture outline (Figure 3.6). 

Although the number of landmarks is different between these two species, each landmarks 

shows the natural variances in shell structure between them. The geometric morphometric 

analyses were performed independently for each genus to ensure the landmark homology 

and consistency. From this method, it allows more understanding of shape variation within 

species. Digitisation of landmarks was conducted using the programme tpsDig2 v. 1.1 

(Rohlf, 2015) and occupied the same positions over the sum of the specimens.  
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Figure 3.6: Shell with aperture view of (a) Stomacosmethis hosei with 20 LMs and (b) 

Pincerna globosa with 11 LMs used in the geometric morphometry analysis. 

 

Table 3.1:  Landmarks (LMs) description Pincerna globosa. 

LM(s) Descriptions 

LM1 The apex of the shell 

LM2 The left and right border of the profile of the shell 

LM3 The left and right border of the profile of the shell 

LM4 The lower suture 

LM5 The lower suture 

LM6 The most external point in the last whorl at the left profile of the shell 

LM7 The middle point of the last suture and the start point of lip 

LM8 The end of the suture 

LM9 The start of the external part of the lip; 

LM10 The highest point of the lip 

LM11 The external point of the lip at the right profile of shell 

LM12 The longest of the lip 

LM13 The lowest point at the base 

LM14 The middle point of LM15 and LM16 

LM15 The external point of the lip at the left profile of the shell 

LM16 The end of the lip 
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Table 3.2: Landmarks (LMs) description Stomacosmethis hosei. 

LM(s) Descriptions 

LM1 The apex of the shell 

LM2 The left and right border of the profile of the shell 

LM3 The left and right border of the profile of the shell 

LM4 The left and right border of the profile of the shell 

LM5 The left and right border of the profile of the shell 

LM6 The left and right border of the profile of the shell 

LM7 The left and right border of the profile of the shell 

LM8 The lower suture 

LM9 The lower suture 

LM10 The most external point in the last whorl at the left profile of the shell 

LM11 The start of the external part of the lip 

LM12 The highest point of the lip 

LM13 The median lip point (middle point between LM12 and LM14) 

LM14 The external point of the lip at the right profile of shell 

LM15 The longest of the lip 

LM16 The lowest point at the base 

LM17 The base midpoint (middle point between LM16 and LM18) 

LM18 The external point of the lip at the left profile of the shell 

LM19 The perpendicular lip-point (perpendicular to LM18) 

LM20 The end of the lip 

 

In geometric morphometric, the landmarks (LMs) in both P. globosa and S. hosei, 

they were categorised into three parts. Type I, known as developmentally homologous, for 

example LM1 and LM8 for P. globosa and LM1 and LM11 in S. hosei. Type II is geomet-

rically homologous which were represented the suture line, comprise LM2-LM7 P. globosa 

and LM2-LM10 in S. hosei. The remaining landmarks (LM9-LM16 in P. globosa and 

LM12-LM20 in S. hosei) were categorised as type III, as they are either located at the ex-

treme points on surfaces or positioned midway in between other landmarks (Giokas et al., 

2014). Then the file saved as a new thin-plate splines (TPS) files to analyse for geometric 

morphometric. 

Shape data corrected for size were analysed with Principal component analysis 

(PCA) to explore the morphological variation. Principal component analysis (PCA) was ex-

ecuted on the covariance matrices of the aligned landmark coordinates using MorphoJ 
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software (Klingenberg, 2010). The morphological traits were subjected to analysis of vari-

ance to find the morphological character that differs between localities. Principal Component 

Analysis (PCA) is very important as it shows major shape variation and one of the most 

widely used methods for multivariate analysis. In MorphoJ, PCA is calculated from the co-

variance matrix and showed three results: PC shape Changes, Eigenvalues and PC Scores. 

However, as MorphoJ presents this result only in a graphic form. Therefore, a PCA was 

conducted using RStudio v. 4.2.2 to support and confirm the finding obtained from MorphoJ. 

It is mainly suitable for landmark-based geometric morphometric data, as it allows the iden-

tification patterns of variation without assuming group structures (Zelditch et al., 2012). This 

method has been widely applied in geometric morphometric studies to assess shape variation 

and species differentiation. 

3.4.3 Shell size analysis  

A total of 283 adults P. globosa 355 adults Stomacosmethis (S. hosei (280), S. 

sadongensis (42) and S. galbanus (33)) were measured under stereo-microscope and colour 

images were captured using software Toupview. Seven measurements made were used to 

quantify shell size and shape: shell diameter (D), shell height (H), apertural width (AW), 

apertural height (AH), height of spire (SH) and width of spire (SW), and width of proto 

conch (PW) with scale 1 mm as guidance (Figure 3.7). Each shell was measured in axial 

view where the axis of coiling was perpendicular to the line of sight.  
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Figure 3.7: Measurements of the shell of Pincerna globosa and Stomacosmethis hosei 

used in the analysis: shell diameter (D), shell height (H), apertural width 

(AW), apertural height (AH), height of spire (SH) and width of spire (SW), 

and width of proto conch (PW). 

 

Capture One 20 Pro’s software was used during the photo session. Snail shells' struc-

ture causes them to naturally rest with their umbilici or apertures downward, which is pre-

cisely the position where identification is most difficult. It is required to balance diagnostic 

features in sometimes difficult postures in order to observe them. During the photoshoot 

session, Open Visionary Digital Passport used to focus the location of snails that photo-

graphed. Helicom software also used to operate the lens motor in the system of a lens from 

the computer. This software allows to choose the number of shots in the stack as well as the 

distance to move the focus over. Finally, the photoshop software used to for measurement 

and scaling. Then, the Principal Component Analysis (PCA) was employed using RStudio 

v. 4.2.2 on collected measurement data to explore the morphological variation among Pin-

cerna and Stomacosmethis. By applying PCA, the principal components can identify the 

greatest amount of variance among morphological traits of these two taxa. Additionally, we 
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can identify the most contributing variables influencing both the first and second dimensions. 

This analysis provides understanding into which morphological traits are most indicative of 

difference between Pincerna and Stomacosmethis. PCA is very useful as it minimises the 

complex morphological data into principal component that capture the majority of shape 

variation between Pincerna and Stomacosmethis. Moreover, PCA also helps reveal the mor-

phological traits that contribute the most, helping better understanding of differences on shell 

shape and size (Rohlf & Marcus, 1993; Adams et al., 2004).  

Finally, the regression analysis was conducted using RStudio v. 4.2.2 to assess vari-

ances in morphological characters between regions. This analysis is suitable for determine 

how the specific morphological features vary in response to geographic factors. The corre-

lation regression on shell measurements as characters for distinguish the strength and direc-

tion of the relationship between different shell measurements (Rao et al., 2018; McFarland 

et al., 2023). This analysis also helpful to quantify how these morphological features vary in 

relation to geographic regions or among populations. Moreover, it is suitable to distinguish 

the correlations and measure the strength and direction of the relationships among the shell 

traits (Zhao et al., 2014). PCA and regression analysis both provide important information 

on morphological analysis as PCA explores overall shape variation (Giokas et al., 2014; 

Doyle et al., 2018), while regression shows how specific shell measurements are related 

(Salkeld, 1995). This analysis compared the slopes of the regression lines for each variable 

across different species and localities in Sarawak. The p-values (p ≤ 0.05) obtained suggest-

ing that environment factors could influence the morphological traits of these genera from 

difference regions.    



32 

 

CHAPTER 4  
 

 

RESULTS 

4.1 Morphological assessment for the genus Pincerna  

4.1.1 The distribution of the genus Pincerna in Sarawak 

A total of 283 adult specimens of Pincerna globosa were collected at limestone clus-

ter Bau (Fairy Cave Nature Reserve, Wind Cave Nature Reserve, Gunung Soba, Gunung 

Tabai, Siboyuh and Tupap), Padawan (Gunung Tok Pisu, Gua Rambus, Gunung Duai, 

Gunung Kayu, and Rumbang) and Siburan (Gunung Bawang, Gunung Mawah, Gunung 

Sewa, Gunung Mbang, Gunung Bakan and Gua Raya) as visualised in Figure 4.1 and Table 

4.1. 

 

Figure 4.1: A map illustrating the sampling locations in Sarawak, focusing on five 

limestone clusters: Bau, Padawan, Siburan, Miri and Niah. The map 

highlights the species distribution, with Pincerna globosa represented by 

diamond brown. 
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Table 4.1: A total of 283 adult Pincerna globosa based on their localities from in 

Zoological Museum UNIMAS collection, Universiti Malaysia Sarawak 

used for measurement and geometric morphometric analysis. 

Limestone clus-

ters 

Locality and coordinate Number of 

individu-

als 

Cat. No. 

Bau Fairy Cave Nature Reserve 

1.38199, 110.11710 

5 MZU.MOL.19.83 

Wind Cave Nature Reserve 

1.41459, 110.13750 

30 MZU.MOL.19.75 

Gunung Soba 

1.39472, 110.12462 

22 MZU.MOL.16.22 

Siboyuh  

1.38182, 110.19492 

1 MZU.MOL.16.86 

Tupap 

1.40590, 110.18936 

12 MZU.MOL.19.74 

Gunung Tabai 

1.38427, 110.13532 

1 MZU.MOL.16.31 

Padawan Gunung Rambus 

1.20865, 110.27412 

5 MZU.MOL.16.185 

Gunung Duai 

1.20425, 110.28333 

3 MZU.MOL.16.70 

Gunung Kayu 

1.22622, 110.31384 

1 MZU.MOL.16.182 

Gunung Tok Pisu 

1.20733,110.27075 

10 MZU.MOL.16.183 

Siburan Gua Raya 

1.32638, 110.27010 

86 MZU.MOL.22.57 

Gunung Bakan 

1.31369, 110.29383 

5 MZU.MOL.16.188 

Gunung Bawang 

1.29873, 110.27143 

1 MZU.MOL.16.187 

Gunung Mawah 

1.26917, 110.25777 

5 MZU.MOL.16.78 

Gunung Mbang 

1.31843, 110.27102 

25 MZU.MOL.16.186 

Gunung Sewa  

1.31682, 110.27625 

32 MZU.MOL.16.91 

Rumbang  

1.28000, 110.26139 

39 MZU.MOL.16.109 
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A brief comparison of the colour variation and slight shell shape differences among 

Pincerna globosa across the three limestone clusters reveals significant differences (Figure 

4.2). For instance, P. globosa from cluster Bau shows more striking orange colour whereas 

specimen from cluster Padawan and Siburan displaying a pale white to yellowish colour 

shell. These colour variances as shown in (Figure 4.2) indicates that individuals from differ-

ent localities or regions shows different features, though the underlying causes remain un-

certain.   

 

Figure 4.2: Aperture views of Pincerna globosa from various limestone clusters:  

(a) Bau, (b) Padawan, (c) Siburan. Scale = 1mm. 

 

Based on the Shapiro-Wilk normality test, the data on P. globosa distribution were 

normally distributed (p > 0.05), shows that there are geographically spread (Table 4.2). The 

total number of P. globosa collected indicates that they are dominantly widespread in the 

western part of Sarawak which makes the data suitable for further statistical analysis.  
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Table 4.2: The Shapiro-Wilk normality test on Pincerna globosa from various 

limestone clusters. The W-static indicates the measure of normality with 

closure to 1 and p-values more 0.05 (p > 0.05) suggesting to more likely 

normally distributed. 

Limestone clusters W p-values 

Bau 0.885 0.295 

Padawan 0.949 0.712 

Siburan 0.850 0.122 

 

4.1.2 Geometric morphometric analysis of Pincerna globosa 

The results of the comparison morphological variation among populations within the 

same region show there are significant differences in both shape and size except for lime-

stone cluster Padawan (Figure 4.3b). Padawan cluster shows there is no significant different 

in size (F = 2.18, p > 0.05) but shows significant different in shell shape (F = 1.69, p = 

0.0005) (Table 4.3). However, when comparing between limestone cluster (Padawan vs Bau, 

F = 14.64, p < 0.0001 (size), F = 2.35, p < 0.0001 (shape); Padawan vs Siburan, F =67.65, p 

< 0.0001 (size), F = 4.90, p < 0.0001 (shape)) (Table 4.3 and 4.4), they show significant 

different in shell size and shape. Also, there are significant differences in both shell size (F 

= 46.07, p < 0.0001) and shell shape (F = 4.58, p < 0.0001) when combined with all localities 

(Figure 4.4ab).  
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Figure 4.3: Shape changes along the PC1 based on landmark data for each locality:  

(a) Bau (b) Padawan (c) Siburan. 

 

Table 4.3: The centroid size of shell of Pincerna globosa using based on their locality 

using Procrustes ANOVA (p < 0.0001). 

Limestone 

clusters 

Effect SS MS d.f F P 

Bau  Individual 3.13 × 10⁵ 6.27 × 10⁴ 5 21.55 <0.0001 

Residual 1.89 × 10⁵ 2.91 × 10³ 65 

Padawan Individual 8.40 × 10³ 2.80 × 10³ 3 2.18 >0.1331 

Residual 1.93 × 10⁴ 1.28 × 10³ 15 

Siburan Individual 1.16 × 10⁶ 1.94 × 10⁵ 6 106.94 <0.0001 

Residual 3.44 × 10⁵ 1.81 × 10³ 190 

Bau-

Padawan 

Individual  3.43 × 10⁵ 3.81 × 10⁴ 1 14.64 <.0001 

Residual  2.08 × 10⁵ 2.60 × 10³ 88 

Bau-Siburan Individual 1.47 × 10⁶ 1.22 × 10⁵ 12 58.66 <.0001 

Residual 5.24 × 10⁵ 2.09 × 10³ 251 

Padawan-Si-

buran 

Individual 1.19 × 10⁶ 1.19 × 10⁵ 10 67.65 <.0001 

Residual 3.54 × 10⁵ 1.76 × 10³ 201 

Overall Individual 1.50 × 10⁶ 9.40 × 10⁴ 16 46.07 <.0001 

Residual 5.43 × 10⁵ 2.04 × 10³ 266 
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Table 4.4: The shell shape of shell of Pincerna globosa using based on their locality 

using Procrustes ANOVA (p < 0.0001). 

Limestone 

clusters 

Effect SS MS df F P 

Bau  Individual 3.03 × 10⁻² 2.16 × 10⁻⁴ 140 2.63 <0.0001 

Residual 1.49 × 10⁻¹ 8.21 × 10⁻⁵ 1820 

Padawan Individual 9.40 × 10⁻³ 1.12 × 10⁻⁴ 84 1.69 0.0005 

Residual 2.78 × 10⁻² 6.62 × 10⁻⁵ 420 

Siburan  Individual 8.54 × 10⁻² 5.08 × 10⁻⁴ 168 6.40 <0.0001 

Residual 4.23 × 10⁻¹ 7.95 × 10⁻⁵ 5320 

Bau-

Padawan 

Individual 4.68 × 10⁻² 1.86 × 10⁻⁴ 252 2.35 <0.0001 

Residual 1.77 × 10⁻¹ 7.91 × 10⁻⁵ 2240 

Bau-Si-

buran 

Individual 1.43 × 10⁻¹ 4.24 × 10⁻⁴ 336 5.30 <0.0001 

Residual 5.62 × 10⁻¹ 8.00 × 10⁻⁵ 7028 

Padawan-

Siburan 

Individual 1.07 × 10⁻¹ 3.84 × 10⁻⁴ 280 4.90 <0.0001 

Residual 4.41 × 10⁻¹ 7.83 × 10⁻⁵ 5628 

Overall Individual 1.63 × 10⁻¹ 3.63 × 10⁻⁴ 448 4.58 <0.0001 

Residual 5.90 × 10⁻¹ 7.92 × 10⁻⁵ 7448 

 

In PCA, based on landmark data for all combined locality (Figure 4.4), the first two 

principal component (PC1 and PC2) accounted 37.18% of the total shape variation in P. 

globosa. PC1 described the highest amount of variation, 21.02% whereas PC2 is 16.16%, 

respectively (Table 4.6). Since the present analysis intended to further classify on specimen 

P. globosa, those landmarks with highest PC coefficients were chosen. The length of the line 

shows the magnitude of the loading, while its direction indicates the direction of the rela-

tionship between the variables and the PCA. The transformation grid dimensions of PC1 

(Figure 4.4b) is used to visualize the shape variation during shape transformation. Thus, PC1 

(Figure 4.4c) was highly affected by the highest point of the lip (LM10) and the external 

point of the lip at the left profile of the shell (LM15), while PC2 (Figure 4.4d) was mainly 

influenced by the most external point in the last whorl at the left profile of the shell (LM6) 

and the left profile of the lower suture (LM4). Thus, the highest point of the lip was pondered 
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as the main parameter of PC1, and the most external point in the last whorl at the left profile 

of the shell for PC2.  

Table 4.5:  Eigenvalues of Principal Components for P. globosa. 

Compo-

nent 

Eigenvalue Compo-

nent 

Eigenvalue Compo-

nent 

Eigenvalue 

Comp 1 5.632557e-04 Comp 11 6.946771e-05 Comp 21 1.463730e-05 

Comp 2 4.330032e-04 Comp 12 5.773531e-05 Comp 22 1.305501e-05 

Comp 3 2.646961e-04 Comp 13 4.097425e-05 Comp 23 1.076731e-05 

Comp 4 2.355978e-04 Comp 14 3.776250e-05 Comp 24 8.809584e-06 

Comp 5 2.073505e-04 Comp 15 2.899476e-05 Comp 25 8.368910e-06 

Comp 6 1.779761e-04 Comp 16 2.308807e-05 Comp 26 7.291082e-06 

Comp 7 1.142116e-04 Comp 17 2.184243e-05 Comp 27 6.585895e-06 

Comp 8 1.032877e-04 Comp 18 1.824658e-05 Comp 28 5.891571e-06 

Comp 9 9.317025e-05 Comp 19 1.807105e-05   

Comp 10 8.006833e-05 Comp 20 1.586263e-05   

 

Table 4.6:  Percentage of Total Variance Explained by Principal Components P. glo-

bosa 

Compo-

nent 

% Variance Compo-

nent 

% Variance Compo-

nent 

% Variance 

Comp 1 21.02% Comp 11 2.59% Comp 21 0.55% 

Comp 2 16.16% Comp 12 2.15% Comp 22 0.49% 

Comp 3 9.88% Comp 13 1.53% Comp 23 0.40% 

Comp 4 8.79% Comp 14 1.41% Comp 24 0.33% 

Comp 5 7.74% Comp 15 1.08% Comp 25 0.31% 

Comp 6 6.64% Comp 16 0.86% Comp 26 0.27% 

Comp 7 4.26% Comp 17 0.81% Comp 27 0.25% 

Comp 8 3.85% Comp 18 0.68% Comp 28 0.22% 

Comp 9 3.48% Comp 19 0.67% 

Comp 10 2.99% Comp 20 0.59% 
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Figure 4.4: Shape changes of the Pincerna globosa based on landmark data for all com-

bined locality. (a) The mean shape represented by the wireframe graph that 

is averaged across all individual shapes. (b) The transformation grid dimen-

sions of PC1 shows the number of grids used to construct the deformation 

grid. Lollipop graph based on Principal Component Analysis (PCA) illustrat-

ing the differences between PC1 (c) and PC2 (d) where they display the load-

ings of each variable. 

 

4.1.3 Shell measurement analysis of Pincerna globosa  

PCA on shell measurement shows 82.5% variation on the first principal axis (PC1) 

with inertia coefficients indicating that populations with high factor score on PC1 have pos-

itive values for all measurements. Meanwhile, PC2 (9%) with inertia coefficients revealed 

shell diameter (D), shell height (H), apertural width (AW), and apertural height (AH) shows 

negative coefficients on shell (Table 4.7). This shape component described the specimen 
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tends to have larger shell sizes. The arrows indicate the strength of the correlation where the 

variables are strongly correlated with each other within the dataset (Figure 4.5). 

 

Table 4.7: Relative contribution of each variable to the inertia of first two principal 

component analysis component in PCA for Pincerna globosa. 

Measurements PC1 PC2 

Shell diameter (D)  0.3996 -0.2329 

Shell height (H) 0.3997 -0.1014 

Apertural width (AW) 0.3957 -0.3149 

Apertural height (AH) 0.3713 -0.5108 

Width of spire (SH) 0.3404 0.5739 

Height of spire (SW) 0.3688 0.2752 

Width of protoconch (PW) 0.3663 0.4124 

  

Table 4.8:  Eigenvalues and Variance Explained by Principal Components of P. glo-

bosa. 

Principal Component Eigenvalue % Variance Explained 

PC1 5.7756 82.51% 

PC2 0.6305 9.01% 

PC3 0.2584 3.69% 

PC4 0.1578 2.25% 

PC5 0.0869 1.24% 

PC6 0.0593 0.85% 

PC7 0.0315 0.45% 
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Figure 4.5: The Principal Component Analysis (PCA) of shell metrics demonstrated that 

the first principal axis, accounted for 82.5% of the variation in the first 

principal axis and 9% in the second principal axis. 

 

In addition, from PCA it shows that apertural width is the most contributing variable 

on both dimensions, indicating its significant impact across all components, which suggested 

it could be used as proxy for overall shell size (Table 4.9). Thus, the apertural width was 

used as covariate in regression analysis of all remaining linear metrics of shell size. All six 

shell measurements showed different relationships with the apertural width when comparing 

p-value for the difference in slope between region and the entire dataset. The combined data 

of the three regions is represented by the black regression line, showing that all regression 

slopes for the metrics were positive and significant, suggesting that apertural width strongly 

influences other shell characteristics (Figure 4.6). 
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Table 4.9:  `cos2` values for each variable across the first two principal components in 

the PCA for Pincerna globosa. 

Variables Dim 1 Dim 2 Total 

Shell diameter (D) 0.9225049 0.034200280 0.95670518 

Shell height (H) 0.9225622 0.006490201 0.92905240 

Apertural width (AW) 0.9045218 0.062543001 0.96706480 

Apertural height (AH) 0.7961837 0.164568615 0.96075231 

Width of spire (SH) 0.6694439 0.207694149 0.87713805 

Height of spire (SW) 0.7856048 0.047768293 0.83337309 

Width of protoconch (PW) 0.7747997 0.107221487 0.88202119 

 

When region effects examined, specimen from limestone cluster Siburan showed the 

most statistical differences (p < 0.05) where the result shows there are significant correlation 

in all the relationships with the apertural width except for the relationship between apertural 

width and spire width (Figure 4.6e). Population from Bau shows significant correlation with 

the apertural width (Figures 4.6a, c and f) while no significant correlation was observed in 

(Figures 4.6b, d and e). Despite variations in statistics, the species regression lines all inter-

sected at their slopes. While for limestone cluster Padawan population, shows that there is 

no significant correlation observed between apertural width with all six measurements (Fig-

ure 4.6). 

When compared the p-values for differences in slopes between each pair of regions, 

it shows that all six shell measurements had strong evidence that the relationships between 

the shell measurements and apertural width differ across all regions. The p-values obtained 

from these analyses are all close to 0, indicating that there is strong evidence that the rela-

tionships (slopes) between these variables vary across regions. This finding could be im-

portant in understanding the impact of different factors on the connection between shell 

measurements and aperture width in various geographical or ecological regions. 
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Table 4.10:  𝑅2and p values for linear regression of Aperture Width (AW) against other 

measurements across different regions. 

Variables Bau Siburan Padawan 

AW vs D 0.871 (p = 0.0004) 0.005 (p = 0.9444) 0.638 (p = 0.0001) 

AW vs H 0.015 (p = 0452) 0.017 (p = 418) 0.448 (p = 0) 

AW vs SH 0.250 (p = 0.066) 0.041 (p = 0.555) 0.309 (p = 0) 

AW vs SW 0.020 (p = 0.776) 0.062 (p = 0.235) 0.085 (p = 0) 

AW vs AH 0.853 (p = 0.009) 0.045 (p = 0.302) 0.030 (p = 0.524) 

AW vs PW 0.632 (p = 0.042) 0.063 (p = 0.254) 0.150 (p = 0) 
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Figure 4.6: Regressions analyses of shell characters of Pincerna globosa from different 

regions with the dependent variable being apertural width. (a) Apertural 

Width vs Shell Diameter. (b) Apertural Width vs Shell Height. (c) Apertural 
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Width. vs Apertural Height (d) Apertural Width vs Height of Spire. (e) 

Apertural Width vs Width of Spire. (f) Apertural Width vs Protoconch Width. 

 

4.2 Morphological assessment for the genus Stomacosmethis  

4.2.1 The distribution of the genus Stomacosmethis in Sarawak  

A total of 355 Stomacosmethis were collected from 15 localities in limestone cluster 

Bau (Gunung Soba, Tupap, Bidi and Merembih), Padawan (Sibekam, Temurang, Kayau, 

Gunung Regu and Gunung Babu), Siburan (Gunung Bawang, Gunung Mbang, Gunung Ba-

kan, and Gunung Mawah), Miri (Deer Cave Mulu) and Niah (Gua Niah National Park) as 

visualised in Figure 4.7 and Table 4.11.  

.  

Figure 4.7: A map illustrating the sampling locations in Sarawak, focusing on five lime-

stone clusters: Bau, Padawan, Siburan, Miri and Niah. The map highlights 

the species distribution, with, Stomacosmethis hosei in blue triangle, 

Stomacosmethis sadongensis in green triangle and Stomacosmethis galbanus 

marked in yellow triangle.  
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Table 4.11: A total of 355 adult Stomacosmethis based on their localities from in 

Zoological Museum UNIMAS collection, Universiti Malaysia Sarawak 

used for measurement and geometric morphometric analysis. 

Lime-

stone 

clusters 

Species Locality and coordi-

nate 

Number of 

individu-

als 

Cat. No. 

Bau S. hosei Merembih 

1.40371, 110.20736 

2 MZU.MOL.19.67 

S. hosei Tupap 

1.40590, 110.18936 

14 MZU.MOL.19.86 

MZU.MOL.19.87 

S. sadongensis Tupap 

1.40590, 110.18936 

9 MZU.MOL.19.180 

MZU.MOL.19.181 

S. hosei Bidi 

1.40206, 110.10008 

25 MZU.MOL.16.291 

 

S. hosei Gunung Soba 

1.39472, 110.12462 

31 MZU.MOL.16.24 

 

Padawan S. hosei Gunung Sibekam 

1.23445, 110.26718 

19 MZU.MOL.16.198 

S. hosei Temurang 

1.20843, 110.27210 

50 MZU.MOL.23.53 

MZU.MOL.23.147 

MZU.MOL.23.148 

S. hosei Kayau 

1.25146, 110.26701 

31 MZU.MOL.16.293 

 

S. hosei Gunung Regu 

1.21889, 110.28332 

4 MZU.MOL.16.195 

 

S. hosei Gunung Babu 

1.20111, 110.29948 

31 MZU.MOL.16.294 

 

Siburan S. hosei Gunung Bakan 

1.31369, 110.29383 

5 MZU.MOL.16.197 

 

S. sadongensis Gunung Mbang 

1.31843, 110.27102 

38 MZU.MOL.16.295 

 

S. hosei Gunung Bawang 

1.29873, 110.27143 

28 MZU.MOL.16.290 

 

S. hosei Gunung Mawah 

1.26917, 110.25777 

30 MZU.MOL.16.76 

 

Miri  S. hosei Deer Cave Mulu 

4.02388, 114.82314 

5 MZU.MOL.17.95 

 

Niah  S. galbanus Gua Niah NP 

3.80164, 113.78532 

33 MZU.MOL.22.364 

 

This study focuses only on Stomacosmethis hosei due to its wider distribution within 

Sarawak compared to the other species. In S. hosei, slight shape varitions are spotted 

particularly at the aperture view shape, which is observed through naked eyes (Figure 4.8). 
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Especially in S. hosei from cluster Bau where they tend to have wide lip lines compared to 

the other clusters. In contrast, S. hosei from cluster Miri shows the highest shell size but 

smaller aperture which could be due to geographical differences since they are located far 

from the other clusters. Regarding colour variation, there is minimal differences observed 

across the cluster where they have white to orange-coloured shell. 

 

Figure 4.8: Aperture view of Stomacosmethis hosei from different limestone cluster: (a) 

Bau (b) Padawan (c) Siburan (d) Miri. Scale = 1mm. 

 

Based on the Shapiro-Wilk normality test, the data on the distribution of 

Stomacosmethis species were normally distributed (p > 0.05), and demonstrating reliable 

insights into their geographic spread. In limestone cluster Miri and Niah could not be iden-

tified because they only have one locality in one cluster which resulting in NA (not available) 

for the p-values (Table 4.12). 

 

  



50 

 

Table 4.12:  The Shapiro-Wilk normality test on Stomacosmethis from various limestone 

clusters. The W-static indicates the measure of normality with closure to 1 

and p-value more 0.05 (p > 0.05) suggesting to more likely normally 

distributed. 

Limestone clusters W p-values 

Bau 0.984 0.924 

Padawan 0.971 0.880 

Siburan 0.879 0.333 

Miri  NA NA 

Niah  NA NA 

Overall  0.905 0.114 

 

4.2.2 Geometric morphometric analysis of Stomacosmethis hosei  

The results of the comparison among populations within the same region reveal sig-

nificant differences in both shell shape and size (Figure 4.9). This indicates that even within 

geographically close, there is distinguished variation in these morphological traits. Addition-

ally, when comparing the population from different regions, the analysis also shows signif-

icant different which highlighting the effect of geological factors on shell morphology. Spe-

cifically, the finding display a significant difference in both shell size (F = 12.72, p < 0.0001) 

and shell shape (F = 6.37, p < 0.0001) when combined with all localities (Table 4.13 and 

4.14). This change shows that other factors such as geographical and ecological factors give 

influence in shaping the morphological variation across the studied population.  
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Figure 4.9: Shape changes along the PC1 based on landmark data for each locality:  

(a) Bau (b) Padawan (c) Siburan (d) Miri. 

 

Table 4.13: The centroid size of shell of Stomacosmethis hosei using based on their lo-

cality using Procrustes ANOVA (p < 0.0001). 

Limestone 

clusters 

Effect SS MS d.f F P 

Overall Individual  2.00 × 10⁵ 1.67 × 10⁴ 12 12.72 <.0001 

Residual  3.19 × 10⁵ 1.31 × 10³  243 

Bau  Individual  2.70 × 10⁴ 9.01 × 10³  3 6.53 0.0006 

Residual  9.25 × 10⁴ 1.38 × 10³  67 

Padawan Individual  8.85 × 10⁴ 1.77 × 10⁴ 5 12.56 <.0001 

Residual  1.82 × 10⁵ 1.41 × 10³  129 

Siburan Individual  4.26 × 10⁴ 2.13 × 10⁴ 2 18.90 <.0001 

Residual  6.65 × 10⁴ 1.13 × 10³  59 

Miri Individual  - - - - - 

Residual - - - - - 

Bau-

Padawan 

Individual  1.39 × 10⁵ 1.54 × 10⁴ 9 11.03 <.0001 

Residual 2.74 × 10⁵ 1.40 × 10³  196 

Bau-Si-

buran 

Individual  8.30 × 10⁴ 1.38 × 10⁴ 6 10.96 <.0001 

Residual 1.59 × 10⁵ 1.26 × 10³  126 

Bau-Miri Individual  3.51 × 10⁴ 8.77 × 10³  4 6.02 0.0003 

Residual 1.03 × 10⁵ 1.46 × 10³  71 

Padawan-

Siburan 

Individual  1.31 × 10⁵ 1.64 × 10⁴ 8 12.43 <.0001 

Residual 2.48 × 10⁵ 1.32 × 10³  188 

Padawan- 

Miri 

Individual  1.08 × 10⁵ 1.80 × 10⁴ 6 12.45 <.0001 

Residual 1.93 × 10⁵ 1.45 × 10³  133 

Siburan- 

Miri 

Individual  6.02 × 10⁵ 2.01 × 10⁴ 3 16.32 <.0001 

Residual 7.75 × 10⁵ 1.23 × 10³  63 
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Table 4.14: The shell shape of shell of Stomacosmethis hosei using based on their locality 

using Procrustes ANOVA (p < 0.0001). 

Limestone 

clusters 

Effect SS MS d.f F P 

Overall Individual  1.53 × 10⁻¹   3.54 × 10⁻⁴   432 6.37 <.0001 

Residual  4.85 × 10⁻¹ 5.55 × 10⁻⁵  8748 

Bau  Individual  2.52 × 10⁻²  2.33 × 10⁻⁴  108 4.26 <.0001 

Residual  1.32 × 10⁻¹  5.47 × 10⁻⁵  2412 

Padawan Individual  4.20 × 10⁻²  2.34 × 10⁻⁴  180 4.39 <.0001 

Residual  2.47 × 10⁻¹  5.32 × 10⁻⁵   4644 

Siburan Individual  2.26 × 10⁻²  3.14 × 10⁻⁴  72 5.97 <.0001 

Residual  1.12 × 10⁻¹  5.26 × 10⁻⁵  2124 

Miri Individual  - - - - - 

Residual - - - - - 

Bau-

Padawan 

Individual  1.06 × 10⁻¹  3.29 × 10⁻⁴  324 6.12 <.0001 

Residual 3.79 × 10⁻¹  5.37 × 10⁻⁵  7056 

Bau-Si-

buran 

Individual  7.26 × 10⁻²  3.36 × 10⁻⁴  216 6.26 <.0001 

Residual 2.44 × 10⁻¹  5.37 × 10⁻⁵  4536 

Bau- Miri Individual  4.02 × 10⁻²   2.79 × 10⁻⁴  144 5.01 <.0001 

Residual 1.42 × 10⁻¹  5.57 × 10⁻⁵  2556 

Padawan-

Siburan 

Individual  7.43 × 10⁻²  2.58 × 10⁻⁴  288 4.87 <.0001 

Residual 3.59 × 10⁻¹  5.30 × 10⁻⁵ 6768 

Padawan- 

Miri 

Individual  5.36 × 10⁻²  2.48 × 10⁻⁴ 216 4.61 <.0001 

Residual 2.57 × 10⁻¹  5.38 × 10⁻⁵ 4788 

Siburan-

Miri 

Individual  3.57 × 10⁻²  3.31 × 10⁻⁴ 108 6.13 <.0001 

Residual 1.22 × 10⁻¹  5.39 × 10⁻⁵ 2268 

 

In PCA, based on landmark data for all combined locality (Figure 4.10), the first 

three principal component (PC1, PC2 and PC3) accounted 52.78% of the total shape varia-

tion in S. hosei. PC1 described the highest amount of variation, 23.83% whereas PC2 is 

19.95% respectively, while PC3 explained 9.00% of the variation, respectively (Table 4.16). 

Since the present analysis intended to further classify on specimen S. hosei, those landmarks 

with highest PC coefficients were chosen. The length of the line shows the magnitude of the 

loading, while its direction indicates the direction of the relationship between the variables 

and the PCA. The transformation grid dimensions of PC1 (Figure 4.10b) is used to visualize 
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the shape variation during shape transformation. Thus, PC1 and PC2 (Figure 4.10c) was 

highly affected by the median lip point (LM13) and the highest point of the lip (LM12). 

 

Table 4.15:  Eigenvalues of Principal Components for S. hosei. 

Component Eigenvalue Component Eigenvalue Component Eigenvalue 

Comp 1 5.9822e-04 Comp 13 3.4283e-05 Comp 25 9.1278e-06 

Comp 2 5.0093e-04 Comp 14 3.2201e-05 Comp 26 8.0231e-06 

Comp 3 2.2596e-04 Comp 15 2.9511e-05 Comp 27 7.8067e-06 

Comp 4 2.0733e-04 Comp 16 2.5982e-05 Comp 28 6.8834e-06 

Comp 5 1.3826e-04 Comp 17 2.0663e-05 Comp 29 5.8778e-06 

Comp 6 1.2716e-04 Comp 18 1.9032e-05 Comp 30 5.3840e-06 

Comp 7 1.0485e-04 Comp 19 1.7089e-05 Comp 31 5.1515e-06 

Comp 8 8.3060e-05 Comp 20 1.6443e-05 Comp 32 4.3090e-06 

Comp 9 6.3351e-05 Comp 21 1.5319e-05 Comp 33 4.0817e-06 

Comp 10 5.2690e-05 Comp 22 1.2584e-05 Comp 34 3.2900e-06 

Comp 11 5.1128e-05 Comp 23 1.1578e-05 Comp 35 2.6786e-06 

Comp 12 4.7947e-05 Comp 24 1.0350e-05 Comp 36 1.8544e-06 
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Table 4.16:  Percentage of Total Variance Explained by Principal Components of S. ho-

sei. 

Compo-

nent 

% Variance Compo-

nent 

% Variance Compo-

nent 

% Variance 

Comp 1 23.83% Comp 13 1.37% Comp 25 0.36% 

Comp 2 19.95% Comp 14 1.28% Comp 26 0.32% 

Comp 3 9.00% Comp 15 1.18% Comp 27 0.31% 

Comp 4 8.26% Comp 16 1.03% Comp 28 0.27% 

Comp 5 5.51% Comp 17 0.82% Comp 29 0.23% 

Comp 6 5.07% Comp 18 0.76% Comp 30 0.21% 

Comp 7 4.18% Comp 19 0.68% Comp 31 0.21% 

Comp 8 3.31% Comp 20 0.65% Comp 32 0.17% 

Comp 9 2.52% Comp 21 0.61% Comp 33 0.16% 

Comp 10 2.10% Comp 22 0.50% Comp 34 0.13% 

Comp 11 2.04% Comp 23 0.46% Comp 35 0.11% 

Comp 12 1.91% Comp 24 0.41% Comp 36 0.07% 

 

 

Figure 4.10: Shape changes of the Stomacosmethis hosei based on landmark data for all 

combined locality. (a) The mean shape represented by the wireframe graph 
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that is averaged across all individual shapes. (b) The transformation grid di-

mensions of PC1 shows the number of grids used to construct the deformation 

grid. Lollipop graph based on Principal Component Analysis (PCA) illustrat-

ing the differences between PC1 (c) and PC2 (d) where they display the load-

ings of each variable. 

 

4.2.3 Shell measurement analysis of Stomacosmethis hosei  

PCA on shell measurement shows 67.4% variation on the first principal axis with 

inertia coefficients indicating that populations with high factor score on PC1 have negative 

values for all measurements which means that all the original variable changes together in 

negative direction. Meanwhile, PC2 (12.5%) with inertia coefficients revealed shell diameter 

(D), apertural width (AW), and apertural height (AH) shows negative coefficients on shell 

(Table 4.17). In Figure 4.11, some specimens from Padawan (Temurang) are likely far from 

the other specimens is due to the effect of the other morphological characters. The PCA does 

not only interpreted for size but also captures variances across all measured traits such as 

shell shape or other structural traits. The specimens from Padawan (Temurang) might have 

different grouping of traits that push them to be clustered farther from others.   

 

Table 4.17:  Relative contribution of each variable to the inertia of first two principal 

component analysis component in PCA for S. hosei. 

Measurements PC1 PC2 

Shell diameter (D) - 0.2653218 - 0.02891755   

Shell height (H) - 0.2863573   0.01792944 

Apertural width (AW) - 0.2633938 - 0.05720317 

Apertural height (AH) - 0.2449398 - 0.06029372  

Width of spire (SH) - 0.2412182   0.06079979 

Height of spire (SW) - 0.2602745   0.01898319 

Width of protoconch (PW) - 0.2171839     0.05878273  
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Table 4.18: Eigenvalues and percentage of variance explained by principal components 

of S. hosei. 

Principal Component Eigenvalue % Variance Explained 

PC1 4.7211 67.44% 

PC2 0.8737 12.48% 

PC3 0.4871 6.96% 

PC4 0.3315 4.74% 

PC5 0.3023 4.32% 

PC6 0.1706 2.44% 

PC7 0.1138 1.63% 

 

 

Figure 4.11: The Principal Component Analysis (PCA) of shell metrics demonstrated that 

the first principal axis, accounted for 67.4% of the variation in the first 

principal axis and 12.5% in the second principal axis. 

 

In addition, from PCA it shows that shell height (H) is the most contributing variable 

on both dimensions, indicating its significant impact across all components, which suggested 

it could be used as proxy for overall shell size (Table 4.19). Thus, the shell height (H) was 
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used as covariate in regression analyses of all remaining linear metrics of shell size. All six 

shell measurements showed different relationships with the shell height (H) when comparing 

p-value for the difference in slope between region and the entire dataset. The combined data 

of the three regions is represented by the black regression line, showing that all regression 

slopes for the metrics were positive and significant, suggesting that shell height (H) strongly 

influences other shell characteristics (Figure 4.11).  

Table 4.19:  `cos2` values for each variable across the first two principal components in 

the PCA for S. hosei. 

Measurements Dim 1 Dim 2 Total 

Shell diameter (D) 0.5149941  0.382512775  0.8975068 

Shell height (H) 0.8090831 0.101149990  0.9102331 

Apertural width (AW) 0.8053802  0.074208775  0.8795889 

Apertural height (AH) 0.7070578 0.002808992  0.7098668 

Width of spire (SH) 0.5353337  0.313600217  0.7928540 

Height of spire (SW) 0.6876505  0.105203464 0.8489339 

Width of protoconch 

(PW) 

0.5798815  0.081131772  0.6610133 

 

When region effects examined, specimens from all limestone cluster except for Si-

buran and Miri exhibited the most statistical differences (p < 0.05) where the result shows 

there are significant correlation between the shell height (H) and the other morphological 

measurements. In contrast, cluster Siburan, demonstrated more complex relationship be-

tween the shell height (H) and the other morphological measurements. It shows significant 

correlation between shell height (H) with all five measurements except for the relationship 

between shell height (H) and apertural height (AH) (Figure 4.12b). This unsignificant cor-

related apertural height (AH) in cluster Siburan suggest that other factors that cause the ap-

erture size change differently from the other clusters.  
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For cluster Miri, the result was more striking as there is no significant correlation 

were found between shell height (H) with all five morphological measurements except for 

the relationship between shell height (H) and height of spire (SH) (Figure 4.12d). This find-

ing suggests that height of spire (SH) is the only morphological traits that strongly connected 

with shell height (H). On the other hand, when comparing shell height (H) and width of 

protoconch (PW) the regression line shows a downward trend, indicating that as the shell 

high increases, the width protoconch decreases (Figure 4.12f). This unusual pattern of cor-

relation observed might be influenced by certain environment factors such as habitat or cli-

mate or ecological conditions, given that Miri is geographically distant from the other clus-

ters.  

 

Table 4.20:  𝑅2  and p values for linear regression of Shell Height (H) against other 

measurements across different regions. 

Variables Miri Siburan Padawan Bau 

H vs D 0.270 (p = 0.37) 0.266 (p = 0) 0.618 (p = 0) 0.439 (p = 0) 

H vs AH 0.086 (p = 0.362) 0 (p = 0.896) 0.630 (p = 0) 0.320 (p = 0) 

H vs AW 0.397 (p = 0.255) 0.172 (p = 0.001) 0.652 (p = 0) 0.391 (p = 0) 

H vs SH 0.185 (p = 0.027) 0.553 (p = 0) 0.687 (p = 0) 0.579 (p = 0) 

H vs SW 0.845 (p = 0.469) 0.674 (p = 0) 0.604 (p = 0) 0.430 (p = 0) 

H vs PW 0.335 (p = 0.307) 0.326 (p = 0) 0.509 (p = 0) 0.575 (p = 0) 
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Figure 4.12: Regressions analyses of shell characters of Stomacosmethis hosei from dif-

ferent regions with the dependent variable being apertural width. (a) Shell 
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Height vs Shell Diameter. (b) Shell Height vs Apertural Height. (c) Shell 

Height vs Apertural Width (d) Shell Height vs Height of Spire. (e) Shell 

Height vs Width of Spire. (f) Shell Height vs Protoconch Width.  
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CHAPTER 5 

 

DISCUSSION 

5.1 Morphological variation of the genus Pincerna  

Shell size of Pincerna can differ significantly among species or populations due to 

environmental factors such as habitat preferences (Chiba, 2002; Hausdorf, 2003) or predator 

pressure (Baur, 1988; Paul, 1991; Perry & Arthur, 1991). Variation in shell shape and shell 

colouration are reflecting of adaptations to microhabitats and their environments such as soil 

type or humidity (Martin & Sommer, 2004).    

5.1.1 The distribution of the genus Pincerna in Sarawak 

Since Pincerna globosa is the only known species of Pincerna found in Sarawak and 

considered as an endemic species to Borneo. Interestingly, despite being widely reported in 

Sarawak by Marzuki et al. (2021), P. globosa was not observed in limestone cluster Miri or 

Niah during this study. This absence could be attributed to environment changes, geograph-

ical factors or sampling limitations.  

Pincerna globosa only can be found in specific ecological niches, favouring areas 

with dense vegetation and shades areas. These habitats provide the humidity and protection 

for the snail’s survival. Vegetation and soil are also the factors to explain the land snail 

distribution and abundance (Wehner et al., 2019). In some cases, as the plant biomass in-

crease (denser vegetation), it creates physical barriers that make it more difficult for the land 

snails to move through. However, it also provides them with an advantage by making it 

harder for the predators to locate them (Wehner et al., 2019). In dry soils, the snail density 

and species richness are low. Nevertheless, in soils with high moisture, both density and 

richness species increase as pH rises (Martin & Sommer, 2004). In addition, some 
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populations of P. globosa can be observed at the base of the limestone cliffs where the com-

bination of moisture and mineral composition supports their habitat. The observation re-

vealed that P. globosa that was collected from limestone rocks is very little. This could be 

due to the presence of little-disturbed limestone habitats on some localities as undisturbed 

limestone habitats support more land snails since they were known for their high diversity 

(Boonmachai et al., 2023).  

Based on the Shapiro-Wilk normality test, the data on P. globosa distribution were 

normally distributed (p > 0.05), suggesting reliable insights into their geographic spread. 

Strikingly, they are dominantly widespread in the western part of Sarawak with no P. glo-

bosa observed or identified in the limestone cluster Miri and Niah (Table 4.2). This variation 

that spotted in P. globosa distribution within western part of Sarawak highlights the potential 

for similar patterns of variability to happen in the other population across Southeast Asia, 

which influenced by several factors such as geological factors, environmental condition and 

ecological pressures.  

For instance, the genus Mandarina from Bonin Islands, Japan shows significant var-

iation both morphologically and ecologically (Chiba, 2002). In some populations with fewer 

Mandarina adapt by expanding their habitat range and trait diversity which leading to high 

ecological and morphologically variation. This variation is influenced by ecological interac-

tion and the interspecific competition of species in specific environment. The viviparid snail 

Cipangopaludina chinensis is a widely distributed freshwater gastropod in Taiwan also 

shows variation in shell morphology (Chiu et al., 2002). This variation is affected by onto-

genetic allometric growth and environmental influences and it showed spire height is the 

most significant trait driving variation among populations. These examples highlight some 
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the role of ecological interactions and environmental factors that influence the shaping of 

shell morphology within the genus of Pincerna. 

5.1.2 Shell shape variation of Pincerna globosa  

The geometric morphometric analyses show variations among populations of P. glo-

bosa, with landmark analysis revealing significant variation across regions including Bau, 

Padawan, and Siburan (see Figure 4.2). The obtained results demonstrate a clear size and 

shape differences between shell specifically from the Padawan where they tend to have taller 

aperture whereas, Siburan and Bau have rounded to wider apertural opening (see Figure 4.1). 

The PCA analysis from landmark analysis also show highly affected by the highest point of 

the lip (LM10) and the external point of the lip at the left profile of the shell (LM15) on PC1 

which suggesting a correlation with the width of the aperture. The aperture index is signifi-

cant for size (Appendix C) which support the importance of LM10 and LM15 for shape.  

These differences are similar with a study by Madec et al. (2003) where they exam-

ined different population of Cornu aspersum, a type of land snails and they show significant 

variation based on shell shape and size. Other than geographical pattern, environmental fac-

tors including temperature and rainfall may contribute the populations to vary in size and 

shell shape where it could be related to niche traits (Sherratt et al., 2017; Khalik et al., 2019). 

The weather report from Malaysian Meteorological Department between 2017 and 2021 re-

ported that Bau, Padawan and Siburan show average of 3400-4600 mm rainfall and temper-

ature ranging from 21 to 37 ˚C which indicates moist and humid environment during this 

period. However, the data for the years 2022 and 2023 are currently unavailable.  This con-

dition is common in tropical regions where they have high levels of rainfall and humidity. 

This environment is well-suited for land snail since they tend to be located in microhabitats 
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that have low humidity and/or high temperature to maintain the moisture levels (Moreno-

Rueda et al., 2009). 

The variations in shell size and shape among populations could also be due to differ-

ent temperature and ecological condition (Anderson et al., 2007; Sherratt et al., 2017) and 

the light intensity that could affect the pigmentation of the shell (Khalik et al., 2019). Mor-

phological variation for gastropod shells also may change from genetic differences product 

of population history (Dillon & Jacquemin, 2015; Dowle et al., 2015) and can be influenced 

by environmental factors (Welter-Schultes, 2000; Anderson et al., 2007; Mathieu & Bellido, 

2007; Stankowski, 2011; Quenu et al., 2020). For instance, the New Zealand land snail 

Placostylus ambagiosus displays variation in size which are influenced by moderate temper-

ature around 18 ± 1˚ C and moist environment (Stringer et al., 2014). The observed morpho-

logical differences between among populations of a species are probably due to random eco-

logical variations or differences in the environments in which these populations exist. Simi-

larly, it is suspected that variation in P. globosa in different population of among studied 

population could be due to random ecological variation or cryptic diversity of the genus 

Pincerna. The different limestone habitats have characterised by the dense vegetation and 

limited sunlight exposure which could create condition that influence the shell morphology 

and ecological adaptation within this genus.  

5.1.3 Shell size variation of Pincerna globosa  

The PCA results based on measurement of P. globosa show all the variables are pos-

itively correlated with each other along the principal component which indicate there are 

larger in shell size with globose shell and wide aperture. Globose shell has been interpreted 

as accommodate for them to climb vertical vegetation (Heller, 1987) since they mostly can 

be found at vegetation area. As a result, they tend to have large foot and large-mouthed shell. 
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While from the graph (Figure 4.3) also shows that the individual from all regions displays 

overlapped based on their shell measurement which indicates that shell size alone may not 

enough to differentiate between populations. The specimens that were far from the others 

could have high or low values for certain shell metrics compared to the rest of dataset causing 

them to appear distance from others.  

The pattern of shell size and shape within specific geographic regions expose the 

correlation or similarities between the physical characteristic of the shells and geographic 

locations to identify the process that effect the shell morphology variation. For instance, 

Johnson and Black (1998) and Chiba (1999) demonstrate that environment factors and geo-

graphic isolation can influence the morphological variation in land snails which supporting 

the idea that specific regions can affect the shell characteristic. Our findings of the regression 

correlation between the apertural width with all six measurements were revealed, showing 

that the relationship between apertural width and shell size is consistent where there are no 

significant different in the Padawan and this consistency is maintained when compared to 

the entire dataset. However, there could be differences in how strong the specific character-

istics of this correlation may vary when examined in different geographical or across regions.  

In addition, the morphological shell size parameters shows that P. globosa in 

Padawan have relative largest shell size compared to the P. globosa in Bau and Siburan since 

Padawan population characterized by a higher mean shell size indicates they possess larger 

shells (Appendix E). Additionally, snails in higher population densities may exhibit smaller 

adult sizes (Goodfriend, 1986; Baur, 1988), and this effect is believed to be influenced by 

the impact of pheromones on their growth rates which also observed in P. globosa. Padawan 

had the least number of specimens compared to Bau and Siburan, meaning the higher is the 

value of the population, the more likely that the size of the individual is to reduced. This can 
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be observed in study conducted by Anderson et al. (2007), where the density also affects 

adult Oreohelix cooperi by measured number of shells found in the study areas. Other factors 

such as humidity (Goodfriend, 1986; Arad et al., 1993), temperature (Albuquerque et al., 

2009; Melatunan et al., 2013; Benbellil-Tafoughalt and Koene, 2015) and average rainfall 

(Hausdorf, 2006; Rangarajan et al., 2013) can also affect the shell size of Pincerna.  

5.2 Morphological variation of the genus Stomacosmethis  

Morphological variation is often reflecting on adaptation of species or populations to 

specific habitats such as limestone karst environments, shaded areas or humid surroundings 

(Schilthuizen et al., 2003; Boonmachai et al., 2023). Stomacosmethis species usually can be 

found covered with dirt as seen in S. hosei, act as one of the defences mechanisms from 

predators or ecological adaptations (Schilthuizen, 2003; Marzuki et al., 2021).  

5.2.1 The distribution of the genus Stomacosmethis in Sarawak 

The genus Stomacosmethis, represented by species S. hosei, S. galbanus and S. 

sadongensis are known to be found in Kuching, Sadong and Serian divisions of Sarawak and 

is endemic to Borneo too (Páll-Gergely et al., 2020; Marzuki et al., 2021). This species has 

been spotted entirely within this clusters, highlighting its geographical range. Furthermore, 

according to Páll-Gergely et al. (2020), S. galbanus has been recorded in Niah National Park 

where they are known to be highly abundant. Consistent with these findings, our study also 

identified these species in the same clusters, which make Niah NP plays a crucial role in this 

species that may be influenced by the specific ecological factors within the area. These find-

ing highlight the ecological importance and unique distribution of the species within the 

Borneo landscape.  
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All species under the genus Stomacosmethis has been consistently observed on lime-

stone rocks in shaded areas, where it is not directly exposed to the sunlight. In addition, the 

shell of Stomacosmethis is often covered with dirt which is difficult to remove. This coating 

likely functions as a form of camouflage or defence (Schilthuizen et al., 2003), helping to 

protect the species from predators by blending them into their rocky surroundings. In addi-

tion, Stomacosmethis is usually foraging on the wet limestone rock surfaces that covered 

with lichens. These snails often observed foraging also on wet vertical limestone rock sur-

faces covered with mosses and lichens (Marzuki et al., 2021). The limestone areas have high 

calcium carbonate content, as Boonmachai et al. (2023) highlight, these areas provide the 

essential nutrients needed for the land snail’s survival and reproduction. Limestone has a 

high pH, which provide snails to preserve their shells for a longer period of time, so they are 

not easily break down (Schilthuizen et al., 2003).   

Based on the Shapiro-Wilk normality test, the data on the distribution of 

Stomacosmethis species were normally distributed (p > 0.05), and indicating reliable insights 

into their geographic spread. In limestone cluster Miri and Niah could not be identified be-

cause they only have one locality in one cluster which resulting in NA (not available) for the 

p-values (Table 4.12). This variation in the distribution of Stomacosmethis within Sarawak 

suggests that alike patterns of variability possibly will be present in the other population 

across Southeast Asia, potentially influenced by several factors such as geological factors, 

environmental condition and ecological pressures. 

For instant, there is morphological variation on Bradybaena similaris in China, there 

were several subspecies have been identified (Nurinsiyah & Hausdorf, 2018).  This shows 

that China has the highest species richness in in this species but these subspecies are geo-

graphically overlapped which they cannot be considered separate geographical subspecies. 
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The study on Pomacea canaliculate, a freshwater apple snail in Maninjau Lake, West Su-

matra, found that shell size (length and width) varies based on land use and water quality 

(Takarina et al., 2023). They spotted the larger shell sizes tend to be found in forest and 

paddy field where the shell length and width are influenced by environmental factor like 

temperature.   

5.2.2 Shell shape variation of Stomacosmethis hosei 

For Stomacosmethis hosei, the geometric morphometric analyses indicate variations 

among population when comparing specimens across different limestone clusters including 

Bau, Padawan, Siburan and Miri (see Figure 4.8). The landmark analysis revealing signifi-

cant variation in shell morphology, showing how populations from different clusters dis-

played unique size and shape features. The findings prove that morphological variation be-

tween population from different clusters emphasizing how geographical and environmental 

factors contributes to this variation within the species.  

The results demonstrate a clear size and shape differences between shell specifically 

from different limestone clusters. Specifically, the Bau cluster is characterised by S. hosei 

with a higher and wider aperture. In contrast, S. hosei from limestone cluster Padawan and 

Miri display apertures that rounded to wider in shell (see Figure 4.8). The different in the 

aperture morphology may be a response to the environmental conditions such as humidity, 

mineral composition of the limestone, moister or competition. The PCA analysis result from 

landmark analysis of S. hosei also provide valuable insight into morphological variation 

within this species. Specifically, the PC1 is significantly influenced the median lip point 

(LM13) and the highest point of the lip (LM12). This finding indicates the PC1 is strongly 

connected with the aperture of the shell as these two landmarks play a crucial role in defining 
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the aperture shape and structure. The aperture index is significant for size (Appendix F) 

which support the importance of LM13 and LM12 for shape.   

The aperture of some land snails is different based on their function like accommo-

dation, where for this species they tend to have planar aperture (McNair et al., 1981), means 

flat and they align closely to the hard substrate such as rocks. The snail’s strong foot evolved 

to be well adapted to this flat shell opening and can make them hanging or cling to the rock 

tightly. The small aperture usually can be found in the drier environment, so they can retain 

moisture for survive in dry condition (Goodfriend, 1986). While for bigger opening aperture, 

they provide protection where the snails extend their body and allow more movement but 

can easily expose to predator as they move slower (Paul, 1991).  

In gastropods, the aperture shape is one of the morphological traits that serve to de-

fend against predators (Wada & Chiba, 2013). They explained that the modification of ap-

erture shape of land snails helps them escape from eaten by predators such as snakes which 

makes them harder to extract from the shells. Some micro snails also developed another 

survival skill as they can survive in the predator’s digestive system with a calcareous epi-

phragm (Wada & Chiba, 2013). The observed morphological differences between among 

populations of S. hosei are likely influenced by random ecological variations or differences 

in the environmental pressure in which these populations exist. The diverse limestone habi-

tats have characterized by the abundant of limestone karsts, which create condition that in-

fluence the shell morphology and ecological adaptation within this genus.  

5.2.3 Shell size variation of Stomacosmethis hosei  

The PCA results for Stomacosmethis hosei reveals interesting insights into the mor-

phological variation of this species. Specimens from all limestone clusters display over-

lapped pattern in the PC1 based on their shell measurement which indicates that shell size 
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alone may not sufficient to fully differentiate shell variation among populations. However, 

the observation on S. hosei from Padawan (Temurang) is slightly separated from the others 

and does not overlap with the other species in the PCA plot suggest that this population has 

distinct morphology compared to the other. This separation suggests that the Padawan clus-

ters possesses a different morphology that make it apart from the other clusters, possibly 

driven by environmental or ecological conditions. Body size measurement of land snail also 

can be influence by geographical factors such as latitude and altitude. For instance, Hausdorf 

(2003) studied that the north-west European land snail, is significant different in body size 

where they decrease in shell size when the latitude is higher and vice versa. Latitude influ-

ences only a small amount of body size variation (Hausdorf, 2003) which suggesting other 

factors such as environmental condition or habitat characteristic likely to play crucial role in 

driving morphological differences.  

However, PCA result (Figure 4.8) based on measurement of S. hosei shows all the 

variables are negatively correlated with each other along the principal component, suggests 

that the measured traits indicated inversed relationship as one variable increases, the others 

tend to decrease. Our findings of the regression correlation between the shell height (H) with 

all six morphological measurements from S. hosei were revealed, showing that the relation-

ship between shell height and shell size is consistent across the population studied. Specifi-

cally, the analysis reveals that there are no significant different among population in lime-

stone cluster of Siburan and Miri (see Figure 4.9). However, there could be differences in 

how strong the specific characteristics of this correlation such as aperture size and shape 

may vary when examined shell measurement in different geographical regions. This could 

suggest that ecological or environmental conditions are affecting the aperture size in these 

populations.  
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This phenomenon can be caused by phenotypic plasticity concept (Chiba, 1999) on 

Mandarina snails that shows significant different on shell shape and size depends on their 

population and trade-offs (DeWitt et al., 2000) where the parameter increases either shape 

or size then decrease in other traits which reflecting underlying environmental constrains 

affecting the species’ morphology. For instance, Goodfriend (1986) observed that Pleauro-

donte lucerne have larger shells are relatively thinner shell where this explain that a negative 

allometric relationship in shell size thickness especially in drier areas.  

5.3 The morphological variation on the genera Pincerna and Stomacosmethis 

The geometric morphometric analyses of both Pincerna globosa and Stomacosme-

this hosei reveal variations in shell size and shape across different population in Sarawak. 

The comparison between these two species highlights how specific characters in landmarks 

and their corresponding in PCA results reflect the morphological variation in their shells. 

The geometric morphometric analyses shows that P. globosa and S. hosei from different 

limestone clusters shares the same variation which focusing the part of the aperture where 

they have higher and to wider apertural openings. This supported by the landmark analysis 

where the PCA result suggest the PC1 is primarily influenced by the highest point of the lip 

(LM10) and the external point of the lip at the left profile of the shell (LM15) for P. globosa 

and the highest point of the lip (LM12) for S. hosei.  

The PCA results for both P. globosa and S. hosei also shows that the individual from 

all limestone clusters display overlapped based on their shell measurement which indicates 

that shell size alone may not sufficient to differentiate shell variation among populations. 

This observation also shows that P. globosa and S. hosei species with smaller number of 

populations tends to have larger or taller shell sizes. Additionally, snails in higher population 

densities may exhibit smaller adult sizes (Goodfriend, 1986; Baur, 1988), and this effect is 



74 

 

believed to be influenced by the impact of pheromones on their growth rates which also 

observed in P. globosa and Stomacosmethis. Limestone cluster in Padawan (P. globosa) and 

Miri (S. hosei) has the least number of specimens compared to other regions, which indicate 

the higher is the value of the population, the more likely that the size of the individual to 

reduced (see Appendix H & G). This can be observed in study conducted by Anderson et al. 

(2007), where the density also affects adult Oreohelix cooperi by measured number of shells 

found in the study areas. Other factors such as humidity (Goodfriend, 1986; Arad et al., 

1993), temperature (Albuquerque et al., 2009; Melatunan et al., 2013; Benbellil-Tafoughalt 

and Koene, 2015) and average rainfall (Hausdorf, 2006; Rangarajan et al., 2013) can also 

affect the shell size of P. globosa and S. hosei.  
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CHAPTER 6 

 

CONCLUSIONS AND RECOMMENDATIONS  

6.1 Conclusions 

This study has shown that the genus Pincerna and Stomacosmethis display a normal 

distribution in their particular habitats. Interestingly, for S. galbanus stands out as the only 

species of Stomacosmethis uniquely found in Niah National Park, consistent with its reported 

distribution. Our study also has shown that shell shape and size of P. globosa and S. hosei 

varies among populations. The finding has shown that there are significant differences be-

tween the morphological characters (shape and size) of these five-limestone cluster (Bau, 

Padawan, Siburan, Miri and Niah) of different localities of the species P. globosa and S. 

hosei. For P. globosa, there is significant shell shape differences of LM10, the highest point 

of the lip and LM15, the external point of the lip at the left profile of the shell, among three 

difference limestone cluster (Bau, Padawan and Siburan). As for shell measurement, the 

most variable characters are the aperture height (AH) and aperture width (AW). While, S. 

hosei shows significant difference of the median lip point (LM13) and the highest point of 

the lip (LM12) across four difference limestone (Bau, Padawan, Siburan, and Miri). For shell 

measurement, the most variable traits are shell height (H) and shell diameter (D).  

In environment where resource is abundant and competition is low; the body size 

would directly influence by resource availability. Although this study demonstrates varia-

tions in both geometric and morphometric but the factors that lead to the variation among 

population still remain untested. In term of shell size measurement, it seems that population 

density does not affect the size of the shell. For example, when comparing the high-density 

population with low-density population of P. globosa and S. hosei from both areas possesses 
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similar shell size although they have different population density. Therefore, this study can-

not conclude that population density affects shell size at least for these two species.  

6.2 Recommendations  

From this study, it shows that these species offer valuable ecological insights as they 

can adapt to diverse environment condition, serve as bioindicators and species identification 

which highlighting their importance in both ecological and conservation. It is suggested that 

a broader range of environmental factors needs to be considered when interpreting morpho-

logical variation within Pincerna and Stomacosmethis between populations. The observed 

differences in aperture size in both genera need for further research to explore more detail 

on ecological and microhabitat behind this variation to aim better understanding on the fac-

tors influencing the morphological variation across geographical regions. These finding 

highlight the potential of these land snails to offer valuable ecological insights as they can 

adapt to diverse environment condition, serve as bioindicators and assist in species identifi-

cation underscore their importance in both ecological and conservation efforts. Future re-

search could also incorporate molecular assessment of P. globosa and S. hosei of different 

populations to explain the possible morphological divergent and cryptic diversity. It is also 

suggested to explore the possibility of microclimatic parameters as this could be important 

in shaping the shell and size of P. globosa and S. hosei. 

 

  



77 

 

REFERENCES 

Adams, D. C., Rohlf, F. J., & Slice, D. E. (2004). Geometric morphometrics: Ten years of 

progress following the ‘revolution’. Italian Journal of Zoology, 71(1), 5–16. 

Albuquerque, F., Peso-Aguiar, M., Assunção-Albuquerque, M., & Gálvez, L. (2009). Do 

climate variables and human density affect Achatina fulica (Bowditch) (Gastropoda: 

Pulmonata) shell length, total weight and condition factor? Brazilian Journal of Bi-

ology, 69(3), 879–885. https://doi.org/10.1590/s1519-69842009000400016 

Anderson, T. K., Weaver, K. F., & Guralnick, R. P. (2007). Variation in adult shell morphol-

ogy and life-history traits in the land snail Oreohelix cooperi in relation to biotic and 

abiotic factors. Journal of Molluscan Studies, 73(2), 129–137. 

https://doi.org/10.1093/mollus/eym006 

Arad, Z., Goldenberg, S., & Heller, J. (1993). Intraspecific variation in resistance to desic-

cation and climatic gradients in the distribution of the bush‐dwelling land snail Tro-

choidea simulata. Journal of Zoology, 229(2), 249–265. 

https://doi.org/10.1111/j.1469- 7998. 1993.tb02634.x 

Aravind, N. A., & Páll-Gergely, B. (2018). Dicharax (?) bawai n. sp from southern India 

(Gastropoda: Cyclophoroidea: Alycaeidae). Archiv Für Molluskenkunde Interna-

tional Journal of Malacology, 147(1), 55–62. 

https://doi.org/10.1127/arch.moll/147/055-062 

Ashcroft, M. B., French, K. O., & Chisholm, L. A. (2010). An evaluation of environmental 

factors affecting species distributions. Ecological Modelling, 222(3), 524–531. 

https://doi.org/10.1016/j.ecolmodel.2010.10.003 



78 

 

Baur, B. (1988). Microgeographical variation in shell size of the land snail Chondrina cli-

enta. Biological Journal of the Linnean Society, 35(3), 247–259. 

https://doi.org/10.1111/j.1095-8312.1988.tb00469.x 

Benbellil-Tafoughalt, S., & Koene, J. M. (2015). Influence of season, temperature, and pho-

toperiod on growth of the land snail Helix aperta. Invertebrate Reproduction & De-

velopment, 59(1), 37–43. https://doi.org/10.1080/07924259.2014.996300 

Bollinger, G. (1918). Land-mollusken von Celebes. Revue suisse de Zoologie, 26(9), 309-

340. 

Boonmachai, T., Bergey, E. A., Wongsawad, C., & Nantarat, N. (2023). Influence of lime-

stone and anthropogenic activities on land snail communities in Satun Province, 

Thailand. The Science of the Total Environment, 912, 169372. 

https://doi.org/10.1016/j.scitotenv.2023.169372 

Cabuga, C., Sularte, R., & Al, M. a. E. (2017). Describing shell shape variations and sexual 

dimorphism of Golden Apple Snail, Pomacea caniculata (Lamarck, 1822) using ge-

ometric morphometric analysis. DOAJ (DOAJ: Directory of Open Access Journals). 

https://doaj.org/article/892c4c1aa5af43b29b610f280787268b 

Cha, D., Kim, J., Kim, K., & Kim, Y. (2023). Species identification method by a new non-

invasive technique in Korean endangered terrestrial snail, Koreanohadra koreana 

(Gastropoda: Mollusca). Conservation Genetics Resources, 16(1), 27–37. 

https://doi.org/10.1007/s12686-023-01332-4 

Charrier, M., Marie, A., Guillaume, D., Bédouet, L., Lannic, J. L., Roiland, C., Berland, S., 

Pierre, J., Floch, M. L., Frenot, Y., & Lebouvier, M. (2013). Soil calcium availability 



79 

 

influences shell ecophenotype formation in the sub-antarctic land snail, Notodiscus 

hookeri. PLoS ONE, 8(12), e84527. https://doi.org/10.1371/journal.pone.0084527 

Chen, Z. (2022). A new species of Pincerna Preston, 1907 from China (Gastropoda: Cae-

nogastropoda: Alycaeidae). Folia Malacologica, 117–120. 

https://doi.org/10.12657/folmal.030.015 

Chen, Z., & Wu, M. (2020). Two new cyclophoroid species from Hubei, China, with pro-

posal of a new genus (Gastropoda, Caenogastropoda, Diplommatinidae and Alycae-

idae). ZooKeys, 935, 37–46. https://doi.org/10.3897/zookeys.935.51414 

Chiba, S. (1999). Accelerated evolution of land snails Mandarina in the oceanic Bonin is-

lands: evidence from mitochondrial DNA sequences. Evolution, 53(2), 460–471. 

https://doi.org/10.1111/j.1558-5646.1999.tb03781.x  

Chiba, S. (2002). Ecological diversity and speciation in land snails of the genus Mandarina 

from the Bonin Islands. Population Ecology, 44(3), 179–187. 

https://doi.org/10.1007/s101440200021 

Chiba, S. (2004). Ecological and morphological patterns in communities of land snails of 

the genus Mandarina from the Bonin Islands. Journal of Evolutionary Biology, 

17(1), 131– 143. https://doi.org/10.1046/j.1420-9101.2004.00639.x 

Chiba, S. (2007). Species richness patterns along environmental gradients in island land 

molluscan fauna. Ecology, 88(7), 1738–1746. https://doi.org/10.1890/06-1735.1 

Chiba, S., & Davison, A. (2007). Shell shape and habitat use in the North-west Pacific land 

snail Mandarina polita from Hahajima, Ogasawara: Current adaptation or ghost 

of species past? Biological Journal of the Linnean Society, 91(1), 149–159. 

https://doi.org/10.1111/j.1095-8312.2007.00790.x 



80 

 

Chiba, S., Okochi, I., Ohbayashi, T., Miura, D., Mori, H., Kimura, K., & Wada, S. (2009). 

Effects of habitat history and extinction selectivity on species-richness patterns 

of an island land snail fauna. Journal of Biogeography, 36(10), 1913–1922. 

https://doi.org/10.1111/j.1365-2699.2009.02115.x 

Chiu, Y., Chen, H. C., Lee, S. C., & Chen, C. A. (2002). Morphometric analysis of shell and 

operculum variations in the viviparid snail, Cipangopaludina chinensis (Mol-

lusca: Gastropoda), in Taiwan. Zoological Studies, 41(3), 321–330. 

https://www.sinica.edu.tw/zool/zoolstud/41.3/321.pdf 

Clements, R., Ng, P. K., Lu, X. X., Ambu, S., Schilthuizen, M., & Bradshaw, C. J. (2008). 

Using biogeographical patterns of endemic land snails to improve conservation 

planning for limestone karsts. Biological Conservation, 141(11), 2751–2764. 

https://doi.org/10.1016/j.biocon.2008.08.011 

Conde-Padín, P., Grahame, J., & Rolán-Álvarez, E. (2007). Detecting shape differences in 

species of the Littorina saxatilis complex by morphometric analysis. Journal of 

Molluscan Studies, 73(2), 147–154. https://doi.org/10.1093/mollus/eym009 

Cowie, R. H. (1995). Variation in species diversity and shell shape in Hawaiian land snails: 

in situ speciation and ecological relationships. Evolution, 49(6), 1191–1202. 

https://doi.org/10.1111/j.1558-5646.1995.tb04446.x 

Davison, A. (2002). Land snails as a model to understand the role of history and selection in 

the origins of biodiversity. Population Ecology, 44(3), 129–136. 

https://doi.org/10.1007/s101440200016 



81 

 

De Souza, R. R., Toebe, M., Mello, A. C., & Bittencourt, K. C. (2023). Sample size and 

Shapiro-Wilk test: An analysis for soybean grain yield. European Journal of 

Agronomy, 142, 126666. https://doi.org/10.1016/j.eja.2022.126666 

DeWitt, T. J., Robinson, B. W., & Wilson, D. S. (2000). Functional diversity among preda-

tors of a freshwater snail imposes an adaptive trade-off for shell morphology. 

Evolutionary Ecology Research, 2(2), 129–148. http://peo-

ple.tamu.edu/~tdewitt/DeWitt,%20Robinson,%20Wil-

son%20(2000)%20Evol%20Ecol%20Res.pdf 

Dillon, R., & Jacquemin, S. J. (2015). The Heritability of Shell Morphometrics in the Fresh-

water Pulmonate Gastropod Physa. Plos One, 10(4), e0121962. 

https://doi.org/10.1371/journal.pone.0121962 

Dowle, E. J., Morgan-Richards, M., Brescia, F., & Trewick, S. A. (2015). Correlation be-

tween shell phenotype and local environment suggests a role for natural selection 

in the evolution of Placostylus snails. Molecular Ecology, 24(16), 4205–4221. 

https://doi.org/10.1111/mec.13302 

Doyle, D., Gammell, M. P., & Nash, R. (2018). Morphometric methods for the analysis and 

classification of gastropods: A comparison using Littorina littorea. Journal of 

Molluscan Studies, 84(2), 190–197. https://doi.org/10.1093/mollus/eyy010 

Egonmwan, Rosemary I. (2008). Effects of dietary calcium on growth and oviposition of the 

African land snail Limicolaria flammea (Pulmonata: Achatinidae). Revista de 

Biología Tropical, 56(1), 333-343. http://www.scielo.sa.cr/sci-

elo.php?script=sci_arttext&pid=S0034-

77442008000100024&lng=en&tlng=en. 



82 

 

Foon, J. K., & Liew, T. (2017). A review of the land snail genus Alycaeus (Gastropoda, 

Alycaeidae) in Peninsular Malaysia. ZooKeys, 692, 1–81. 

https://doi.org/10.3897/zookeys.692.14706 

Fruciano, C., Tigano, C., & Ferrito, V. (2011). Geographical and morphological variation 

within and between colour phases in Coris julis (L. 1758), a protogynous marine 

fish. Biological Journal of the Linnean Society, 104(1), 148–162. 

https://doi.org/10.1111/j.1095-8312.2011.01700.x 

Gärdenfors, U., Waldén, H. W., & Wäreborn, I. (1995). Effects of soil acidification on forest 

land snails. Ecological Bulletins, 259-270. https://www.jstor.org/sta-

ble/20113168 

Gefaell, J., Galindo, J., & Rolán‐Alvarez, E. (2022). Shell color polymorphism in marine 

gastropods. Evolutionary Applications, 16(2), 202–222. 

https://doi.org/10.1111/eva.13416 

Gheoca, V., Benedek, A. M., & Schneider, E. (2021b). Exploring land snails’ response to 

habitat characteristics and their potential as bioindicators of riparian forest qual-

ity. Ecological Indicators, 132, 108289. 

https://doi.org/10.1016/j.ecolind.2021.108289 

Giokas, S., Páll‐Gergely, B., & Mettouris, O. (2014). Non-random variation of morpholog-

ical traits across environmental gradients in a land snail. Evolutionary Ecology, 

28(2), 323– 340. https://doi.org/10.1007/s10682-013-9676-5 

Godwin-Austen, H. (1889). XII.—Description of a supposed new species of Helix from near 

Moulmain, Tenasserim. Annals and Magazine of Natural History, 3(14), 107–

108. https://doi.org/10.1080/00222938909460306 



83 

 

Goodfriend, G. A. (1986). Variation in Land-Snail Shell Form and Size and its Causes: A 

Review. Systematic Zoology, 35(2), 204. https://doi.org/10.2307/2413431 

Haase, M., & Misof, B. (2009). Dynamic gastropods: stable shell polymorphism despite 

gene flow in the land snail Arianta arbustorum. Journal of Zoological Systemat-

ics & Evolutionary Research, 47(2), 105–114. https://doi.org/10.1111/j.1439-

0469.2008.00488.x 

Haase, M., Greve, C., Hutterer, R., & Misof, B. (2014). Amplified fragment length polymor-

phisms, the evolution of the land snail genus Theba (Stylommatophora: Heli-

cidae), and an objective approach for relating fossils to internal nodes of a phy-

logenetic tree using geometric morphometrics. Zoological Journal of the Lin-

nean Society. https://doi.org/10.1111/zoj12123 

Hausdorf, B. (2003). Latitudinal and altitudinal body size variation among north‐west Euro-

pean land snail species. Global Ecology and Biogeography, 12(5), 389–394. 

https://doi.org/10.1046/j.1466-822x.2003.00050.x 

Hausdorf, B. (2006). Is the interspecific variation of body size of land snails correlated with 

rainfall in Israel and Palestine? Acta Oecologica, 30(3), 374–379. 

https://doi.org/10.1016/j.actao.2006.06.009 

Heller, J. (1987). Shell shape and land-snail habitat in a Mediterranean and desert fauna. 

Biological Journal of the Linnean Society, 31(3), 257–272. 

https://doi.org/10.1111/j.1095-8312.1987.tb01992.x 

Hespenheide, H. A. (1973). Ecological inferences from morphological data. Annual review 

of ecology and systematics, 213-229. 



84 

 

Johnson, M. S., & Black, R. (1998). Effects of isolation by distance and geographical dis-

continuity on genetic subdivision of Littoraria cingulata. Marine Biology, 

132(2), 295–303. https://doi.org/10.1007/s002270050395 

Jones, J. S., Selander, R. K., & Schnell, G. D. (1980). Patterns of morphological and molec-

ular polymorphism in the land snail Cepaea nemoralis. Biological Journal of the 

Linnean Society, 14(3–4), 359–387. https://doi.org/10.1111/j.1095-

8312.1980.tb00114.x 

Jubb, M. R., Wilkin, T. A., & Gosler, A. G. (2006). Eggshell-pigmentation, soil calcium and 

the local abundance, distribution and diversity of woodland snails (Mol-

lusca). Ardea, 94(1), 59-70. 

Juřičková, L., Horsák, M., Cameron, R., Hylander, K., Míkovcová, A., Hlaváč, J. Č., & 

Rohovec, J. (2007). Land snail distribution patterns within a site: The role of 

different calcium sources. European Journal of Soil Biology, 44(2), 172–179. 

https://doi.org/10.1016/j.ejsobi.2007.07.001 

Khalik, M. Z., Bozkurt, E., & Schilthuizen, M. (2019). Morphological parallelism of sym-

patric cave‐dwelling microsnails of the genus Georissa at Mount Silabur, Borneo 

(Gastropoda, Neritimorpha, Hydrocenidae). Journal of Zoological Systematics 

and Evolutionary Research, 58(3), 648–661. https://doi.org/10.1111/jzs.12352 

Klingenberg, C. P. (2010). Evolution and development of shape: integrating quantitative ap-

proaches. Nature Reviews Genetics, 11(9), 623-635. 

Klingenberg, C. P. (2010). MorphoJ: an integrated software package for geometric morpho-

metrics. Molecular Ecology Resources, 11(2), 353–357. 

https://doi.org/10.1111/j.1755-0998.2010.02924.x 



85 

 

Kotsakiozi, P., Rigal, F., Valakos, E. D., & Parmakelis, A. (2013). Disentangling the effects 

of intraspecies variability, phylogeny, space, and climate on the evolution of 

shell morphology in endemic Greek land snails of the genus Codringtonia. Bio-

logical Journal of the Linnean Society, 110(4), 796–813. 

https://doi.org/10.1111/bij.12169 

Kramarenko, S. S. (2016). Patterns of spatio-temporal variation in land snails: A multi-scale 

approach. Folia Malacologica, 24(3), 111–177. 

https://doi.org/10.12657/folmal.024.008 

Lawing, A. M., & Polly, P. D. (2009). Geometric morphometrics: recent applications to the 

study of evolution and development. Journal of Zoology, 280(1), 1–7. 

https://doi.org/10.1111/j.1469-7998.2009.00620.x 

Liew, T., Phung, C., Said, M. a. M., & Hoo, P. K. (2021). Distribution and abundance of the 

land snail Pollicaria elephas (Gastropoda: Pupinidae) in limestone habitats in 

Perak, Malaysia. PeerJ, 9, e11886. https://doi.org/10.7717/peerj.11886 

Madec, L., Bellido, A., & Guiller, A. (2003). Shell shape of the land snail Cornu aspersum 

in North Africa: unexpected evidence of a phylogeographical splitting. Heredity, 

91(3), 224–231. https://doi.org/10.1038/sj.hdy.6800301 

Márquez, F., & Averbuj, A. (2016). Sexual dimorphism in the shell of a nassariid gastropod. 

A 3D geometric morphometrics approach. Journal of the Marine Biological As-

sociation of the United Kingdom, 97(2), 249–255. 

https://doi.org/10.1017/s0025315416000254 



86 

 

Márquez, F., González-José, R., & Bigatti, G. (2011). Combined methods to detect pollution 

effects on shell shape and structure in Neogastropods. Ecological Indicators, 

11(2), 248–254. https://doi.org/10.1016/j.ecolind.2010.05.001 

Martin, K., & Sommer, M. (2004). Relationships between land snail assemblage patterns 

and soil properties in temperate-humid forest ecosystems. Journal of Biogeography, 

31(4), 531–545. https://doi.org/10.1046/j.1365-2699.2003.01005.x 

Martínez‐Freiría, F., Santos, X., Pleguezuelos, J. M., Lizana, M., & Brito, J. C. (2009). Ge-

ographical patterns of morphological variation and environmental correlates in con-

tact zones: a multi-scale approach using two Mediterranean vipers (Serpentes). Jour-

nal of Zoological Systematics and Evolutionary Research, 47(4), 357–367. 

https://doi.org/10.1111/j.1439-0469.2008.00506.x 

Marzuki, M. E., Liew, T., & Mohd‐Azlan, J. (2021). Land snails and slugs of Bau limestone 

hills, Sarawak (Malaysia, Borneo), with the descriptions of 13 new species. ZooKeys, 

1035, 1–113. https://doi.org/10.3897/zookeys.1035.60843 

Mathieu, L., & Bellido, A. (2007). Spatial variation of shell morphometrics in the subant-

arctic land snail Notodiscus hookeri from Crozet and Kerguelen Islands. Polar Biol-

ogy, 30(12), 1571–1578. https://doi.org/10.1007/s00300-007-0318-7 

McNair, C. G., Kier, W. M., LaCroix, P. D., & Linsley, R. M. (1981). The functional signif-

icance of aperture form in gastropods. Lethaia, 14(1), 63–70. 

https://doi.org/10.1111/j.1502-3931.1981.tb01076.x 

Melatunan, S., Calosi, P., Rundle, S., Widdicombe, S., & Moody, A. (2013). Effects of ocean 

acidification and elevated temperature on shell plasticity and its energetic basis in an 



87 

 

intertidal gastropod. Marine Ecology. Progress Series, 472, 155–168. 

https://doi.org/10.3354/meps10046 

Minton, R. L., & Wang, L. L. (2011). Evidence of sexual shape dimorphism in Viviparus 

(Gastropoda: Viviparidae). Journal of Molluscan Studies, 77(3), 315–317. 

https://doi.org/10.1093/mollus/eyr014 

Miranda, M. J. (2020). Anatomy and shell shape variability in a land snail Bostryx torallyi 

(Stylommatophora: Bulimulidae). Revista De Biología Tropical, 68(1). 

https://doi.org/10.15517/rbt.v68i1.37424 

Miura, O., Nishi, S., & Chiba, S. (2007). Temperature-related diversity of shell colour in the 

intertidal gastropod Batillaria. Journal of Molluscan Studies, 73(3), 235–240. 

https://doi.org/10.1093/mollus/eym019 

Moneva, C., Torres, M., & Demayo, C. (2012). Sexual Dimorphism in the Shell Shape of 

the Golden Apple Snail, Pomacea canaliculata (Lamarck) Using Geometric Mor-

phometric Analysis. Egyptian Academic Journal of Biological Sciences. B, Zoology, 

4(1), 39–46. https://doi.org/10.21608/eajbsz.2012.13537 

Mujiono, N., & Priawandiputra, W. (2020). Land snail from limestone karst in Java: an up-

date with notes on their distribution. IOP Conference Series Earth and Environmen-

tal Science, 457(1), 012002. https://doi.org/10.1088/1755-1315/457/1/012002 

Nation, T. H. (2005). The influence of soil calcium on land snail diversity in the Blue Ridge 

Escarpment of South Carolina. Clemson University. 

Nurinsiyah, A. S., & Hausdorf, B. (2018). Listing, impact assessment and prioritization of 

introduced land snail and slug species in Indonesia. Journal of Molluscan Studies, 

85(1), 92–102. https://doi.org/10.1093/mollus/eyy062 



88 

 

Olkeba, B. K., Boets, P., Mereta, S. T., Yeshigeta, M., Akessa, G. M., Ambelu, A., & Goe-

thals, P. L. M. (2020). Environmental and biotic factors affecting freshwater snail 

intermediate hosts in the Ethiopian Rift Valley region. Parasites & Vectors, 13(1). 

https://doi.org/10.1186/s13071-020-04163-6 

Páll-Gergely, B. (2017). A new species of Alycaeidae, Pincerna yanseni n. sp. from Suma-

tra, with the resurrection of the genus Pincerna Preston, 1907 (Gastropoda: Cy-

clophoroidea). Raffles Bulletin of Zoology, 65, 213-219. 

Páll‐Gergely, B., & Auffenberg, K. (2019). A review of the Alycaeidae of the Philippines 

with descriptions of new species and subspecies (Gastropoda: Caenogastropoda: Cy-

clophoroidea). Molluscan Research, 39(4), 377–389. 

https://doi.org/10.1080/13235818.2019.1638541 

Páll‐Gergely, B., Sajan, S., Tripathy, B., Meng, K., Asami, T., & Ablett, J. D. (2020). Genus 

level revision of the Alycaeidae (Gastropoda, Cyclophoroidea), with an annotated 

species catalogue. ZooKeys, 981, 1–220. https://doi.org/10.3897/zookeys.981.53583 

Páll‐Gergely, B., Sajan, S., Tripathy, B., Meng, K., Asami, T., & Ablett, J. D. (2020). Genus 

level revision of the Alycaeidae (Gastropoda, Cyclophoroidea), with an annotated 

species catalogue. ZooKeys, 981, 1–220. https://doi.org/10.3897/zookeys.981.53583 

Páll‐Gergely, B., Sajan, S., Tripathy, B., Meng, K., Asami, T., & Ablett, J. D. (2020). Genus 

level revision of the Alycaeidae (Gastropoda, Cyclophoroidea), with an annotated 

species catalogue. ZooKeys, 981, 1–220. https://doi.org/10.3897/zookeys.981.53583 

Paul, C. R. C. (1991). The functional morphology of gastropod apertures. In Springer eBooks 

(pp. 127–140). https://doi.org/10.1007/978-3-642-76156-0_10 



89 

 

Perry, R., & Arthur, W. (1991). Shell size and population density in large helicid land snails. 

Journal of Animal Ecology, 60(2), 409. https://doi.org/10.2307/5287 

Phung, C., Choo, M., & Liew, T. (2022). Sexual dimorphism in shell size of the land snail 

Leptopoma perlucidum (Caenogastropoda: Cyclophoridae). PeerJ, 10, e13501. 

https://doi.org/10.7717/peerj.13501 

Preston, H. B. (1907). Description of a New Subgenus and Species of Alycaeus from Ke-

Lan-Tan. Journal of Molluscan Studies, 7(4), 206. https://doi.org/10.1093/ox-

fordjournals.mollus.a066171 

Proćków, M., Proćków, J., Błażej, P., & Mackiewicz, P. (2018). The influence of habitat 

preferences on shell morphology in ecophenotypes of Trochulus hispidus complex. 

The Science of the Total Environment, 630, 1036–1043. https://doi.org/10.1016/j.sci-

totenv.2018.02.311 

Quenu, M., Trewick, S. A., Brescia, F., & Morgan-Richards, M. (2020). Geometric morpho-

metrics and machine learning challenge currently accepted species limits of the land 

snail Placostylus (Pulmonata: Bothriembryontidae) on the Isle of Pines, New Cale-

donia. Journal of Molluscan Studies, 86(1), 35–41. https://doi.org/10.1093/mol-

lus/eyz031 

Rahman, M. M., & Govindarajulu, Z. (1997). A modification of the test of Shapiro and Wilk 

for normality. Journal of Applied Statistics, 24(2), 219–236. 

Rangarajan, R., Ghosh, P., & Naggs, F. (2013). Seasonal variability of rainfall recorded in 

growth bands of the Giant African Land Snail Lissachatina fulica (Bowdich) from 

India. Chemical Geology, 357, 223–230. 

https://doi.org/10.1016/j.chemgeo.2013.08.015 



90 

 

Rao, S. R., Liew, T. S., Yow, Y., & Ratnayeke, S. (2018). Cryptic diversity: Two morpho-

logically similar species of invasive apple snail in Peninsular Malaysia. PLOS ONE, 

13(5), e0196582. https://doi.org/10.1371/journal.pone.0196582 

Rohlf, F. J. (2004). tpsUtil, file utility program (version 1.26). Department of Ecology and 

Evolution, State University of New York at Stony Brook. 

Rohlf, F. J., & Marcus, L. F. (1993). A revolution in morphometrics. Trends in Ecology & 

Evolution, 8(4), 129–132. 

Rygało-Galewska, A., Zglińska, K., Roguski, M., Roman, K., Bendowski, W., Bień, D., & 

Niemiec, T. (2023). Effect of Different Levels of Calcium and Addition of Magne-

sium in the Diet on Garden Snails’ (Cornu aspersum) Condition, Production, and 

Nutritional Parameters. Agriculture, 13(11), 2055. https://doi.org/10.3390/agricul-

ture13112055 

Salih, A. H. S. H., Hama, A. A., Hawrami, K. a. M., & Ditta, A. (2021). The Land Snail, 

Eobania vermiculata, as a Bioindicator of the Heavy Metal Pollution in the Urban 

Areas of Sulaimani, Iraq. Sustainability, 13(24), 13719. 

https://doi.org/10.3390/su132413719 

Salkeld, P. (1995). Aspects of reproduction associated with the use of a segmented regres-

sion to describe the relationship between body weight and shell length of Mytilus 

edulis. Marine Ecology Progress Series, 124, 117–128. 

https://doi.org/10.3354/meps124117 

Sang, D. D., & Son, N. T. (2022). The land snail genus Pincerna Preston, 1907 (Gastropoda: 

Alycaeidae) from Vietnam and Laos, with description of a new species. Zenodo 



91 

 

(CERN European Organization for Nuclear Research). https://doi.org/10.26107/rbz-

2022-0018 

Scalici, M., Traversetti, L., Spani, F., Bravi, R., Malafoglia, V., Persichini, T., & Colasanti, 

M. (2016). Using 3D virtual surfaces to investigate molluscan shell shape. Aquatic 

Living Resources, 29(2), 207. https://doi.org/10.1051/alr/2016019 

Schilthuizen, M. (2003). Sexual selection on land snail shell ornamentation: a hypothesis 

that may explain shell diversity. BMC Evolutionary Biology, 3(1). 

https://doi.org/10.1186/1471-2148-3-13 

Schilthuizen, M., & Haase, M. (2010). Disentangling true shape differences and experi-

menter bias: are dextral and sinistral snail shells exact mirror images? Journal of 

Zoology, 282(3), 191–200. https://doi.org/10.1111/j.1469-7998.2010.00729.x 

Schilthuizen, M., Liew, T., Elahan, B. B., & Lackman‐ancrenaz, I. (2005). Effects of karst 

forest degradation on pulmonate and prosobranch land snail communities in Sabah, 

Malaysian Borneo. Conservation Biology, 19(3), 949–954. 

https://doi.org/10.1111/j.1523-1739.2005.00209.x 

Shapiro, S. S. & Wilk, M. B. (1965). An analysis of variance test for normality (complete 

samples). Biometrika, 52 (3–4), 591–611. 

Sherratt, E., Serb, J. M., & Adams, D. C. (2017). Rates of morphological evolution, asym-

metry and morphological integration of shell shape in scallops. BMC Evolutionary 

Biology, 17(1). https://doi.org/10.1186/s12862-017-1098-5 

Silva, S. E., Silva, I. C., Madeira, C., Sallema, R., Paulo, O. S., & Paula, J. (2013). Genetic 

and morphological variation in two littorinid gastropods: Evidence for recent 



92 

 

population expansions along the East African coast. Biological Journal of the Lin-

nean Society, 108(3), 494–508. https://doi.org/10.1111/j.1095-8312.2012.02041.x 

Smith, E. A. (1895). Observations on the genus Clea, with the description of a new spe-

cies. Journal of Molluscan Studies, 1(6), 251-253. 

Sobrepeña, J. M. M., & Demayo, C. G. (2014). Outline-based geometric morphometric anal-

ysis of shell shapes in geographically isolated populations of Achatina fulica from 

the Philippines. Journal of Entomology and Zoology Studies, 2(4), 237–243. 

https://www.entomoljournal.com/archives/2014/vol2issue4/PartE/56.pdf 

Sokolova, I. M., & Berger, V. J. (2000). Physiological variation related to shell colour pol-

ymorphism in White Sea Littorina saxatilis. Journal of Experimental Marine Biology 

and Ecology, 245(1), 1–23. https://doi.org/10.1016/s0022-0981(99)00132-x 

Stanchak, K. E., & Santana, S. E. (2018). Do ecogeographical rules explain morphological 

variation in a diverse, Holarctic genus of small mammals? Journal of Biogeography, 

46(1), 110–122. https://doi.org/10.1111/jbi.13459 

Stankowski, S. (2011). Extreme, continuous variation in an island snail: Local diversifica-

tion and association of shell form with the current environment. Biological Journal 

of the Linnean Society, 104(4), 756–769. https://doi.org/10.1111/j.1095-

8312.2011.01748.x 

Stringer, I., Parrish, G. R., Sherley, G., & MacKenzie, D. I. (2014). The biology of Placo-

stylus ambagiosus (Pulmonata: Bulimulidae) in New Zealand: Part 2. Population 

changes, growth, mortality and life expectancy. Molluscan Research, 34(3), 155–

175. https://doi.org/10.1080/13235818.2014.888985 



93 

 

Suvorov, A. N. (2002). Prospects for studies on morphological variability of land m snails. 

Biology Bulletin, 29(5), 455–467. https://doi.org/10.1023/a:1020409625607 

Takarina, N. D., Soeprobowati, T. R., Komala, P. S., Subehi, L., Wojewódka-Przybył, M., 

& Nurdin, D. (2023). Shell size distributions, land use, and water quality relation-

ships of a freshwater apple snail Pomacea canaliculata (Lamarck, 1822) in Maninjau 

Lake, West Sumatra, Indonesia. Biodiversitas Journal of Biological Diversity, 

24(10). https://doi.org/10.13057/biodiv/d241029 

Tellería, J. L., De La Hera, I., & Pérez‐Tris, J. (2013). Morphological variation as a tool for 

Monitoring Bird Populations: A review. Ardeola, 60(2), 191–224. 

https://doi.org/10.13157/arla.60.2.2013.191 

Teusch, K. P., Jones, D. S., & Allmon, W. D. (2002). Morphological variation in turritellid 

gastropods from the Pleistocene to recent of Chile: association with upwelling inten-

sity. Palaios, 17(4), 366–377. https://doi.org/10.1669/0883-1351(2002)017 

Vasconcelos, P., Santos, A. C. N., Pereira, F., Moura, P., Carvalho, A. N., & Gaspar, M. B. 

(2021). Shell morphology, morphometric relationships and relative growth of three 

topshell species (Gastropoda: Trochidae) from the Algarve Coast (Southern Portu-

gal). Thalassas an International Journal of Marine Sciences, 38(1), 665–674. 

https://doi.org/10.1007/s41208-021-00351-y 

Vinarski, M. V. (2014). A comparative study of shell variation in two morphotypes of 

Lymnaea stagnalis (Mollusca: Gastropoda: Pulmonata). Zoological Studies, 53(1). 

https://doi.org/10.1186/s40555-014-0069-4 

Von Oheimb, K. C. M., Von Oheimb, P. V., Hirano, T., Van, T., DO, Ablett, J., Van Luong, 

H., Van Pham, S., & Naggs, F. (2019). Cryptic diversity of limestone karst inhabiting 



94 

 

land snails (Cyclophorus spp.) in northern Vietnam, their evolutionary history and 

the description of four new species. PLoS ONE, 14(10), e0222163. 

https://doi.org/10.1371/journal.pone.0222163 

Wada, S., & Chiba, S. (2013). The dual protection of a micro land snail against a micro 

predatory snail. PLoS ONE, 8(1), e54123. https://doi.org/10.1371/jour-

nal.pone.0054123 

Wehner, K., Renker, C., Brückner, A., Simons, N. K., Weisser, W. W., & Blüthgen, N. 

(2019). Land‐use in Europe affects land snail assemblages directly and indirectly by 

modulating abiotic and biotic drivers. Ecosphere, 10(5). 

https://doi.org/10.1002/ecs2.2726 

Welter-Schultes, F. (2000). The pattern of geographical and altitudinal variation in the land 

snail Albinaria idaea from Crete (Gastropoda: Clausiliidae). Biological Journal of 

the Linnean Society, 71(2), 237–250. https://doi.org/10.1111/j.1095-

8312.2000.tb01256.x 

Williams, S. T. (2016). Molluscan shell colour. Biological Reviews/Biological Reviews of 

the Cambridge Philosophical Society, 92(2), 1039–1058. 

https://doi.org/10.1111/brv.12268 

Zelditch, M. L., Swiderski, D. L., Sheets, H. D., & Fink, W. L. (2012). Geometric Morpho-

metrics for Biologists: A Primer (2nd ed.). Academic Press. 

Zhao, L., He, Y., Yang, F., Nie, H., & Yan, X. (2014). Correlation and path analysis of 

morphological and weight traits in marine gastropod Glossaulax reiniana. Chinese 

Journal of Oceanology and Limnology, 32(4), 821–827. 

https://doi.org/10.1007/s00343-014-3290-4 



95 

 

APPENDICES 

Appendix A: Analyses of Variance (ANOVA) for seven shell measurement for Pincerna 

globosa. 

Measurement  Df Sum sq Mean sq F value Pr (>F) 

Shell diameter 

(D) 

Region 2 0.71 0.3535 1.568 0.21 

Residuals 280 63.11 0.2254 

Shell Height 

(H) 

Region 2 0.42 0.2125 0.956 0.386 

Residuals 280 62.25 0.2223 

Apertural 

Width (AW) 

Region 2 1.99 0.09927 1.011 0.365 

Residuals 280 27.487 0.09817 

Apertural 

Height (AH) 

Region 2 0.397 0.19851 2.365 0.0958 

Residuals 280 23.504 0.08394 

Width of spire 

(SW) 

Region 2 0.005 0.2125 0.956 0.386 

Residuals 280 3.798 0.2223 

Height of spire 

(SH) 

Region 2 0.102 0.05096 1.924 0.148 

Residuals 280 7.416 0.02648 
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Appendix B: Analyses of Variance (ANOVA) for seven shell measurement for 

Stomacosmethis hosei. 

Measurements  Df Sum Sq Mean Sq F value Pr(>F) 

Shell diameter (D) Region 3 5.298 1.7660 17.77 

 

1.46e-10 

 Residuals 271 26.926 0.0994 

Shell height (H) Region 3 3.233 1.0775 9.565 

 

5.03e-06 

 Residuals 271 30.528  0.1126 

Apertural width 

(AW) 

Region 3 1.647 0.5489 15.49 

 

2.48e-09 

 Residuals 271 9.600 0.0354 

Apertural height 

(AH) 

Region 3 1.339 0.4462 8.774 

 

1.42e-05 

 Residuals 271 13.781 0.0509 

Width of spire (SH) Region 3 1.795 0.5984 16.00 1.32e-09 

 Residuals 271 10.137 0.0374 

Height of spire (SW) Region 3 0.369 0.12287 4.952 

 

0.00231 

 Residuals 271 6.723 0.02481 

Width of protoconch 

(PW) 

Region 3 0.1162 0.03873 6.174 

 

0.00045 

 Residuals 271 1.6998  0.00627 

 

Appendix C: t-Test: Paired Two Sample for Means (AW/AH) for Pincerna globosa. 

 Variable 1 Variable 2 

Mean 4.559505 4.51894 

Variance 0.226291 0.22224 

Observations 283 283 

Pearson Correlation 0.918125  

Hypothesized Mean Difference 0  

df 282  

t Stat 3.560233  

P(T<=t) one-tail 0.000217  

t Critical one-tail 1.650275  

P(T<=t) two-tail 0.000435  

t Critical two-tail 1.968412  
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Appendix D: t-Test: Paired Two Sample for Means (AW/AH) for Stomacosmethis hosei. 

 Variable 1 Variable 2 

Mean 3.053164 3.270109 

Variance 0.041047 0.055182 

Observations 275 275 

Pearson Correlation 0.81071  

Hypothesized Mean Difference 0  

df 274  

t Stat -26.0579  

P(T<=t) one-tail 1.95E-76  

t Critical one-tail 1.650434  

P(T<=t) two-tail 3.9E-76  

t Critical two-tail 1.96866  
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Appendix E: Range and mean for sample group of Pincerna globosa based on different regions. Measurements of the shell of P. globosa: 

shell diameter (D), shell height (H), apertural width (AW), apertural height (AH), height of spire (SH) and width of spire (SW), and width of 

proto conch (PW). 

Lime-

stone 

cluster 

Number 

of indi-

viduals 

(N) 

D H AW AH SH SW PW 

Bau 71 5.32 - 3.90 5.2 - 3.7 3.22 - 2.26 2.93 - 2.00 1.38 - 0.83 2.00 - 1.17 0.94 - 0.96 

Mean 4.571 4.493 2.868 2.556 1.067 1.634 0.778 

Standard Deviation 0.383 0.448 0.263 0.223 0.112 0.191 0.075 

Standard Error 0.045 0.053 0.031 0.026 0.013 0.023 0.009 

Padawan 19 5.09 - 4.36 4.89 - 4.36 3.05 - 2.87 2.84 - 2.47 1.21 - 0.87 1.84 - 1.59 0.91 - 0.74 

Mean 4.737 4.659 2.968 2.711 1.051 1.682 0.803 

Standard Deviation 0.208 0.202 0.105 0.110 0.086 0.099 0.043 

Standard Error 0.047 0.046 0.024 0.025 0.019 0.023 0.010 

Siburan 193 5.24 - 3.62 5.19 - 3.63 3.18 - 2.31 3.09 - 1.94 1.33 - 0.79 2.04 - 1.38 1.00 - 0.63 

Mean  4.537 4.514 2.861 2.564 1.060 1.678 0.786 

Standard Deviation 0.520 0.496 0.341 0.321 0.120 0.156 0.072 

Standard Error 0.037 0.035 0.024 0.023 0.009 0.011 0.005 
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Appendix F: Range and mean for species Stomacosmethis based on localities. Measurements of the shell of Stomacosmethis: shell diameter 

(D), shell height (H), apertural width (AW), apertural height (AH), height of spire (SH) and width of spire (SW), and width of proto conch 

(PW). 

Limestone clus-

ters 

Number 

of indi-

viduals 

(N) 

D H AW AH SW SH PW 

S. hosei 275 6.08-3.93 6.80-4.57 3.64-2.28 3.92-0.33 3.29-1.88 3.21-1.47 0.80-0.35 

Range 2.15 2.23 1.36 3.59 1.41 1.74 0.45 

Mean 5.160 5.834 3.053 3.259 2.473 2.281 0.585 

SD 0.342 0.351 0.202 0.294 0.160 0.208 0.081 

SE 0.021 0.021 0.012 0.017 0.009 0.012 0.005 

S. sadongensis 47 5.48-4.33 5.67-4.49 2.95-2.16 2.69-1.93 2.56-1.96 2.34-1.62 0.69-0.32 

Range 1.15 1.18 0.79 0.76 0.6 0.72 0.37 

Mean 4.882 4.992 2.508 2.294 2.228 1.960 0.486 

SD 0.261 0.267 0.159 0.172 0.138 0.143 0.091 

SE  0.038 0.039 0.020 0.021 0.013  

S. galbanus 33 6.73-5.86 6.41-4.92 3.75-3.08 3.72-2.52 3.88-2.57 2.48-1.71 0.81-0.41 

Range 0.87 1.49 0.67 1.20 1.31 0.77 0.40 

Mean 6.29 5.592 3.388 3.280 2.765 2.064 0.591 

SD 0.241 0.318 0.195 0.245 0.225 0.145 0.069 

SE 0.042 0.055 0.034 0.042 0.039 0.025 0.012 
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Appendix G: Range and mean for species Stomacosmethis hosei based on localities. Measurements of the shell of S. hosei: shell diameter 

(D), shell height (H), apertural width (AW), apertural height (AH), height of spire (SH) and width of spire (SW), and width of proto conch 

(PW). 

Limestone 

clusters 

Number of 

individuals 

(N) 

D H AW AH SW SH PW 

Bau 72 5.96-4.73 6.62-5.01 3.64-2.85 3.92-2.38 2.74-2.15 3.21-1.96 0.79-0.41 

Range 1.23 1.61 0.79 1.09 0.59 1.25 0.38 

Mean 5.357 5.943 3.161 3.382 2.441 2.366 0.614 

SD 0.237 0.299 0.167 0.231 0.125 0.196 0.088 

SE 0.027 0.035 0.019 0.027 0.015 0.023 0.010 

Padawan 135 5.65-3.93 6.54-4.57 3.54-2.28 3.77-2.49 3.29-1.88 2.72-1.47 0.79-0.35 

Range 1.72 1.97 1.26 1.28 1.41 1.25 0.44 

Mean 5.029 5.760 2.979 3.214 2.398 2.221 0.577 

SD 0.362 0.381 0.224 0.253 0.177 0.198 0.074 

SE 0.031 0.032 0.019 0.021 0.015 0.017 0.006 

Siburan 63 6.08-4.61 6.55-5.37 3.46-2.79 3.62-2.92 2.98-2.26 2.80-1.96 0.8-0.45 

Range 1.47 1.18 0.67 0.70 0.72 0.84 0.35 

Mean 5.212 5.822 3.082 3.262 2.459 2.281 0.578 

SD 0.285 0.261 0.113 0.138 0.148 0.175 0.079 

SE 0.035 0.032 0.014 0.017 0.018 0.022 0.010 

Miri 5 5.53-4.91 6.8-5.99 3.31-2.97 3.58-3.01 2.70-2.52 2.95-2.4 0.55-0.36 

Range 0.62 0.81 0.34 0.57 0.18 0.55 0.19 

Mean 5.202 6.404 3.122 3.268 2.614 2.678 0.49 

SD 0.283 0.367 0.134 0.224 0.077 0.245 0.075 

SE 0.126 0.164 0.059 0.100 0.034 0.109 0.034 

 


