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51303805  :  สาขาวิชาชีววิทยา 
คําสําคัญ     : ชนิดพันธุ / หอยนํ้าจืด / วิวัฒนาการสายพันธุ / สกุล Melanoides 
       วิวิชชุตา เดชรักษา : ความหลากหลายของชนิดพันธุและวิวัฒนาการสายพันธุของหอยนํ้าจืดสกุล 
Melanoides Olivier, 1804 ในประเทศไทย. อาจารยที่ปรึกษาวิทยานิพนธ : รศ. ดร. ดวงเดือน ไกรลาศ, ดร. สิทธิรักษ 
รอยตระกูล และ PD Matthias Glaubrecht, Ph.D. 189 หนา. 
 

Melanoides spp. เปนหอยนํ้าจืดฝาเดียว จัดอยูในไฟลัมมอลลัสกา ชั้นแกสโทรโพดา วงศไทอาริดี หอยกลุม
น้ีมีรูปรางลักษณะทางสัณฐานวิทยาของเปลือกหลากหลายรูปแบบ จึงทําใหยากตอการจัดจําแนกชนิดพันธุโดยใช
ลักษณะทางสัณฐานวิทยาของเปลือกเพียงอยางเดียว การศึกษาคร้ังน้ีเปนการตรวจสอบชนิดพันธุของหอยสกุล 
Melanoides ในประเทศไทย โดยเก็บตัวอยางหอยระหวางป พ.ศ. 2552 ถึง พ.ศ. 2556 ในพื้นที่ 130 แหง จัดจําแนก
ลักษณะทางสัณฐานวิทยาของเปลือก (ขนาด สีเปลือก การมีลายเสนริบหรือตุม และลวดลายบนผิวเปลือก) สามารถแบง
หอยออกไดเปน 11 รูปแบบ (MCT1, MCT2, MCT3, MCT4, MCT5, MCT6, MCT7, MCT8, MCT9, MCT10, MCT11) 
คัดเลือกตัวอยางหอย 35 พื้นที่ เปนกลุมตัวอยางแทนประชากรหอยในประเทศไทย ศึกษาเปรียบเทียบกับตัวอยางหอย 
Melanoides และ หอยชนิดอื่นที่นํามาจาก Museum of Natural History, Berlin ประเทศเยอรมันนี และ 
Zoologist Museum University, Copenhagen ประเทศเดนมารก เมื่อนําลักษณะสัณฐานวิทยาของเปลือกมาศึกษา
โดยวิธี Geometric Morphometrics (GM) และเปรียบเทียบกับตัวอยางหอย จากทะเลสาบมาลาวี ประเทศ
มาดากัสการ ลาว เวียดนาม และอินเดีย   

ผลการศึกษาพบวา หอย Melanoides spp. ในประเทศไทย สามารถแยกออกจากไดเปน 2 กลุม ตาม
รายงานของ Brandt (1974) คือ M. tuberculata และ M. jugicostis  โดยการศึกษาฟนหอย Melanoides spp. มี
ฟนแบบ Taenioglossan จํานวนฟนของกลุมตัวอยางหอย M. tuberculata มีสูตรฟนกลางเปน 3-4/1/3-4 และกลุม
ตัวอยางหอยชนิด M. jugicostis  มีสูตรฟนกลางเปน 2-3/1/2-3 นอกจากน้ันจากการตรวจสอบสัณฐานวิทยาของตัว
ออนระยะเอ็มบริโอและจูเวอนายลในถุงฟกตัวออน (brood pouch) พบวามีความแตกตางกัน โดยหอย M. jugicostis 
จะมีการสรางสันริบแนวตั้ง (axial rib) คมชัด มีตุม (knob) ปรากฏอยูตั้งแตเวิรลที่ 3 เปนตนไป ซ่ึงมีลักษณะคลายกับ
หอย Pseudoplotia scabra ที่นํามาศึกษาเปนตัวอยางนอกกลุม สวนหอย M. tuberculata จะมีลวดลายบนเสนผิว
เปลือกเปนรูปตาขาย และไมมีการสรางสันริบหรือตุมอยางชัดเจน เมื่อนําหอยตัวอยาง Melanoides spp. ในประเทศ
ไทย มาสรางสายวิวัฒนาการโดยใชลําดับเบสบางสวน 16S ยีน และ cytochrome C oxidase I (COI) ยีน เปรียบเทียบ
กับหอย M. tuberculata ตนแบบและใชหอย Paludomus siamensis เปนตัวอยางเปรียบเทียบนอกกลุม 
(outgroup) และ หอย Stenomelania spp. เปนตัวอยางหอยในวงศไทอาริดี สายวิวัฒนาการของ 16S ยีน และ COI 
ยีน ใหผลเหมือนกัน คือ สามารถแยกหอยออกเปน 3 กลุมอยางชัดเจน คือกลุมที่ 1 M. jugicostis กลุมที่ 2 M. 
tuberculata รวมหอยตนแบบ  และกลุมที่ 3 เปนหอยกลุมที่มีสายวิวัฒนาการใกลชิดกับหอยสกุล Stenomelania 
spp. สําหรับหอย Stenomelania spp. ยังไมเคยมรีายงานในประเทศไทยมากอนหนาการศึกษาคร้ังน้ี ดังน้ันการศึกษา
ความหลากชนิดพันธุของหอย Melanoides spp. ในคร้ังน้ี จึงทําใหไดขอมูลที่แนชัดเกี่ยวกับชนิดพันธุหอยในสกุล 
Stenomelania spp. ในประเทศไทย 
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Melanoides spp., freshwater snails are classified into Phylum Mollusca, Class Gastropoda, 

Family Thiaridae. These snails have highly diverse variations of shell morphology, which makes it 

difficult to identify them using solely shell morphology. In this study, the snail samples were collected 

from 130 locations in Thailand, from 2009 to 2013. They were firstly classified by shell morphology 

and categorized into 11 morphs (MCT1, MCT2, MCT3, MCT4, MCT5, MCT6, MCT7, MCT8, MCT9, 

MCT10, MCT11). The snail samples from 35 locations were selected as representative samples. They 

were comparatively studied with specimens from the Museum of Natural History, Berlin, Germany, 

and those from the Zoologist Museum University, Copenhagen, Denmark. Shell morphology of snail 

samples were analysed using Geometric Morphometrics (GM). All of them were subsequently 

compared with snail samples from Lake Malawi, Madagascar Island, Laos, Vietnam, and India.  

The results showed that Melanoides of Thailand can be categorized into M. tuberculata and M. 

jugicostis, which complies with Brandt’s report (1974). Radular study confirmed that Melanoides spp.  has 

Taenioglossan pattern. However, they could be differentiated by central tooth formula. The central tooth 

formula of M. tuberculata was 3-4/1/3-4 (lateral cusps/central cusps/lateral cusps); and that of M. jugicostis 

was 2-3/1/2-3 (lateral cusps/central cusps/lateral cusps). In addition, the study of Ontogeny and shell 

morphology of their embryos and juveniles yielded certain distinctive features. M. jugicostis was found to 

possess axial ribs and knobs on the third whorl of its shell.  These characteristics also appeared on the out-

group snail samples, Pseudoplotia scabra. On the shell of M. tuberculata was found netlike shell sculpture, 

with no axial rib and knob. Phylogenetic trees of partial sequence of 16S gene and Cytochrome C oxidase I 

(COI) gene of Melanoides samples were compared to those of M. tuberculata, with Paludomus siamensis, 

Stenomelania spp. as out-group sample and in-group sample of Thiaridae snail. The study confirmed that the 

topology of 16S gene  and COI gene trees were similar. The specimen sequences could clearly be divided 

into three groups: Group 1 M. jugicostis; Group 2 M. tuberculata; and, Group 3 unknown-like M. 

tuberculata, which was in the same genus as Stenomelania spp. sequences. The study assumed that Group 3 

unknown-like M. tuberculata belongs to genus Stenomelania, Family Thiaridae. Interestingly, there has 

never been any report concerning genus Stenomelania  in Thailand. So, this study of Melanoides spp. was 

the first report of the existence of Stenomelania spp. in Thailand. 
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CHAPTER I 
 

INTRODUCTION 
 

1. The Biodiversity in Thailand 

 
 “It is not the strongest that survives, but the species that survives is the one that is 

able best to adapt and adjust to the changing environment in which it finds itself“ 

                                                                                             Leon C Megginson: 1963: 4 

 
Thailand is one of the countries with the richest biodiversity in Southeast Asia. With 

its climatic diversity, topographic complexity, long coastline (2,710 km), and 

extensive fringing reef systems. The Kingdom is endowed with a wild variety of floral 

and faunal habitats and rich biodiversity. Thailand is situated in a hot and humid 

climatic zone which supports a variety of tropical ecosystems. Unlike those in 

temperate zone, tropical ecosystems provide wider niches for organism’s survival and 

hences, are able to support a much larger variety of plant, animal and microbe species. 

Thailand had approximately 15,000 species of plant, which was accounted for 8% of 

estimated total number of plant species found globally (OEPP, 1992). It also had 

approximately 1,721 species of terrestrial vertebrate (mammals, birds, reptiles and 

amphibians) (Theerakupt & Panha, 2002) in comparison to 299 and 328 species were 

found in Norway and Sweden, respectively (WCMC, 1992). Since the Indo–

Malaysian region is a centre of distribution of marine organisms. Thai waters have 

served as habitats for enormously diversified marine organisms more than 2,000 of 

marine fish species, accounting for 10% of total fish species estimated worldwide,  

2,000 species of marine mollusk and 11,900 species of marine invertebrate 

(Wongratana, 1989; Pasuk, 1993). Other marine organisms were found 2 species that 

there are horse–shoe crab and giant king crab (Muntajitra & Jiritkorn, 1989). Marine 

shrimp were found 103 species in the Gulf of Thailand. Species of marine shell-fish 
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were found 1,538 species including 634 gastropods and 382 bivalves (Nabhitabhata, 

1993). Cephalopod were found 28 species in the Gulf of Thailand including 11 

species of squid, 7 species of cuttle–fish, 5 species of octopus and 5 species of dwaft 

cuttle–fish. Absolutely, there were enormous numbers of insect species in Thailand 

especially hard–shell (wing) and Hawk moth species. At the same time, The group of 

mollusca features important characteristics which provide them as an ideal model 

group for classification about species complex and evolutionary biology 

approximately of 200,000 living mollusc species. Especially gastropod species have 

proven their status as ideal model systems for evolutionary systematics in several 

publications (Glaubrecht, 2008, 2010). They show a characteristic adaption to habitats 

that was represented by variety of trophic, ecological, and morphological 

characteristics. Simultaneously information about gastropods in adjacent river 

systems and lakes is scarce and the lack of recently collected and museum material 

might be the reason caused by lasting political complications. Therefore, Gastropod 

should gain more attention and be taken in the focus of species diversity that they may 

contribute to solving many fundamental questions in evolution diversity fauna in 

Thailand. 

 

2. Molluscs in the context of evolutionary biology  

                                 “Nothing in biology makes sense except in the light of evolution”   

                                                                              Theodosius Dobzhansky: 1973: 125 

 
A remarkable fact about evolutionary biology, given its importance in 20th century 

biology is that there have been virtually no departments of evolutionary biology for 

most of this century (for example, as there have been of genetics). It is important to 

start from the fact that Mendelian genetics and Darwinian evolutionary biology were 

in serious conflict with each other in the first third or so of this century. At the ancient 

until nowadays, the species change through time and that fossils represent ancestors 

of living species can be seen as the first consistent theory of genuine evolutionary 

change (Mayr, 1982; Corsi, 1988). Biological diversity as the result of descent with 

modification and a continuous process leading to a branching pattern, namely 
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speciation as we call it today. Since then evolutionary trees have become the lingua- 

franca of biology. Throughout the history of systematics and evolutionary biology 

there has been no shortage of attempts to find a classification system that captures the 

diversity of living forms in nature (Endersby, 2009; Glaubrecht & Haffer, 2010). 

Freshwater molluscs were predestined for analyzing speciation processes as they were 

restricted to their habitats and show a high order of adaption. Molluscs as second 

largest animal phylum next to the arthropods show a great diversity in freshwaters. 

The high diversity within freshwater molluscs is one reason why these animals 

provide ideal models for evolutionary systematic questions. Also, The large amount 

of fossil material also provides “a look back in time” and helps to understand 

evolutionary processes (Glaubrecht, 2009). Lake Tanganyika for example, provide a 

high number of endemism and various animal groups. Thus they were regarded as 

hotspots of biodiversity with local endemisms and spectacular species flocks of 

various animal groups. Recent studies, freshwater gastropods were reported about 

evolutionary biology that divergent evolution (speciation) is regarded as a key process 

in the creation of biodiversity from several lacustrine species flocks provide ideal 

models for elucidating the underlying evolutionary mechanisms, riverine radiations 

are both rarely known and studied in the Kaek River, a third-order tributary of the 

Nan River and Chao Praya drainage in Central Thailand (Glaubrecht & Kӧhler, 2004; 

Kӧhler & Deein, 2010; Kӧhler et al., 2010). However, re-examination of several cases 

using phylogenetic comparison methods have led to the acceptance that the evolution 

of reproductive incompatibility in sympathy. With an increasing armamentarium of 

molecular genetic techniques for exploring the genetic structure of populations and 

species, the one mystery has become many, and possible solutions multiplied. 

Moreover, The knowledge about the intrinsic properties (geographical, ecological 

etc.) and adaptation of organisms that facilitate speciation, and thus have played a 

fundamental role in understanding mechanisms of evolution in what species really are 

and how they multiply in the future.  
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3.  The Species concepts  

                                  “I believe that species come to be tolerably well-defined objects,   

                                          and do not at any one period present an inextricable chaos  

                                                      of varying and intermediate links’’ 

                                                                                           Charles Darwin: 1859: 177 
 
Species are of paramount importance for biology. The species is not only the 

fundamental concept for systematics and the basic unit for ecology. Which is also a 

basic unit of the real world, and thus an evolutionary and dynamic entity, providing 

the units of diversity and "the coin of evolutionary change" (Mayr, 1991, 1997), even 

for those authors criticizing various aspects of the modern synthetic theory of 

evolution (Gould, 2002). The frequent observation that the fauna of a given region is 

not a chaotic assemblage of intergrading individuals of all kinds lends support to the 

conviction of the existence of non-arbitrary discontinuities in nature to be called 

species. The wide variation of species numbers is a common problem evolutionary 

systematic has to synonyms with the number of species that can be traced back to the 

employment of different species concepts. The review about species concepts were 

listed 22 distinct species concepts along with synonyms that thoses author are trying 

to define the term “species” for evolutionary and systematic biology (Mayr, 1996; 

Mayden, 1997, 2002). Moreover, Mayr (1996) introduced two different of the great 

number of species concepts; there are (1) the morphospecies concept is probably the 

eldest concept used when describing a species. Species traditionally have been 

described and identified on the basis of morphological criteria. Classification system 

referred to as the morphological or typological species concept. It is fundamentally 

based on morphological differences and similarities that determine species. Therefore 

a species was formed when different individuals share obvious morphological 

similarities (Sudhaus & Rehfeld, 1992). Unfortunately, if two species share the same 

morphological characteristics, the morphospecies concept cannot distinguish between 

two species (In this case further characteristics than plain morphological similarities 

have to be examined). And (2) the biospecies concept of definition of a species is 

based on the genetic isolation of populations by Mayr (1970), “Species are groups of 

interbreeding natural populations that are reproductively isolated from other such 
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groups”. It places the taxonomy of natural species within the conceptual scheme of 

population genetics. For example, a community of interbreeding organisms, in 

population genetic terms, a gene pool (total aggregate of genes in a population). The 

biospecies concept in fact arose from the morphospecies concept when morphologic 

differences and similarities did not suffice to describe a species (Futuyma, 2007). 

However for the biospecies concept exist limitations as well. Thus using one single 

species concept to describe a species is not adequate. The different species concepts 

should rather complement one another and provide a basic approach to explain the 

complex natural system of species (Sudhaus & Rehfeld, 1992). So, relationship 

between morphological and biological species for a justification for defining species 

morphologically is that the morphological characters shared between individuals are 

indicators of interbreeding, such as members of a species are many morphological  

that can be regarded as polytypic or also many morphological types in places the 

taxonomy of natural species. For example, within the freshwater gastropod fauna the 

species number can only be estimated to a number of 6,000 (Strong et al., 2008). This 

variable number is due to only using morphological characteristics defining a species 

in the past. Early taxonomists described gastropod species only by morphological 

characters of the shell or anatomic characteristics. As the specimens were often not 

collected by the taxonomists themselves, information about ecology or the species 

habitat could not be included in the description. But as we know today, species 

descriptions based only on morphological characters do not reflect real biological taxa 

(Lydeard et al., 2004). Therefore comparative morphology, biochemical characters, as 

well as biogeography and ecology should contribute to a valid description and a better 

understanding of a species. Furthermore does the complementation of species 

concepts help to determine valid species and thus assure the species number.  

 

4. Freshwater Snails of Thiaridae in Thailand (Gastropoda: Caenogastropoda:  

Cerithioidea) 

 
Southeast Asia is due to its richness in species one of the “hot spots” of biodiversity. 

This comprises not only terrestrial and marine organisms but also limnic groups, such 
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as the gastropoda among the Mollusca, one of the largest phyla of animals second 

only to the Arthropoda (insects, crustacean etc.). The gastropods are the class of 

Molluscs which have the greatest numbers of named species. They take pressure off 

in a dazzling variety of forms and habitats. Conventional chemical classification of 

this phylum are currently in transition and the orientation of the new classification of 

phylogenetically-based approaches has led to the replacement of since Thiele (1929-

31) known division of Gastropods in Prosobranchia, Opisthobranchia and Pulmonata. 

One of the most in this context, newly built four large groups represent the 

Caenogastropoda (Ponder & Lindberg, 1997). Within the Caenogastropoda takes over 

the family Cerithioidea Ferussac, 1819 a basal position (Figure 1). The Cerithioidea is 

a superfamily of marine, brackish water and freshwater gastropods containing more 

than 200 genera (Glaubrecht, 1999; Lydeard et al., 2002). They can be found 

worldwide mainly in tropical areas (Africa, Asia and Australia, Caribbean, Central 

America, and South America) and subtropical areas (California, Southern Europe, 

Southwest USA, South Africa, Florida, Northern India, Southeast China, Taiwan, 

Japan, and Australia) (Figure 2). Despite their wide dissemination and ecological 

significance to the systematics of this group is in a chaotic state, and even the number 

of related families, there is a large uncertainty. In addition about species diversity 

among freshwater gastropods in the past for 10-15 years has witnessed renewed 

interest in re-evaluating relationships among gastropod higher taxa using large suites 

of anatomical, ultrastructural, and molecular characters (Haszprunar, 1985c; 1988a, b; 

Healy, 1988, 1996; Rosenberg et al., 1994, 1997; Winnepenninckx et al., 1998; 

Ponder & Lindberg, 1996, 1997; Harasewych et al., 1998; Colgan et al., 2000; Strong, 

2003). These studies were converged on a broad outline of the evolutionary history of 

the gastropoda (Figure 1). Most early monographs of freshwater gastropods relied 

exclusively on morphological differences of the shell including sculpture, color, and 

qualitative shape difference. For species groups exhibiting considerable shell variation 

for the results was the description of literally dozens or hundreds of species. 

Therefore, Consideration  phylogenetics  and taxonomy to be coupled disciplines 

linked by the fundamental desire to delimit species boundaries and higher groups and 

describe character evolution. 
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   Figure 1. Phylogenetic relationships within the Gastropod Caenogastropoda,  

   based on morphological characteristics (Modified from Ponder & Lindberg, 1997). 
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          Figure 2.  Map shows tropical areas and subtropical areas.  

          (Yellow= Subtropical areas, Blue= Tropical areas).  (Modified from          

          Maphobbyist, 2010). 

 

Recently, Glaubrecht (2011) studies on several pantropically distributed limnic 

Cerithioidean gastropod taxa, which was range from the New World and the 

Mediterranean region to lakes and rivers in East Africa and Southeast Asia to 

Australia (Glaubrecht et al., 2009). A taxon-by-region overview of the six distinct 

phylogenetic lineages of freshwater Cerithioidea currently considered on the family 

level were presented in America/Caribbean, Europe/Palaeartic, Africa, Asia and 

Australia/Newzeland (Table 1) that these six families (Pachychilidae, Paludomidae, 

Thiaridae, Melanopsidae, Semisulcospiridae and Pleuroceridae) were traditionally 

considered as “Melaniidae” until only a few decades ago, and that several of these 

distinct lineages were then for long subsumed under Thiaridae. However, The 

phylogeny analyses of constituent groups as well as within the Cerithioidea 

(Glaubrecht, 1996, 1999, 2006; Lydeard et al., 2002; Strong et al., 2011). They have 

been reported four families in Asia; there are (1) Pachychilidae (Brotia, Sulcospira, 

Paracrostoma, Doryssa, Tylomelania, Pachychilus etc.); (2) Semisulcospiridae  

(Semisulcospira, Hua, Koreanomelania, Parajuga etc.); (3) Paludomidae (Paludomus, 

Cleopatra, Tiphobia, Lavigeria, Tanganyicia etc.) and (4) Thiaridae (eg. Melanoides, 

Tarebia, Thiara, Stenomelania, Hemisinus etc.) (Table 1, Figure 3). Among the 
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Cerithiodea is a basal for ecologically and phylogenetically most important, 

essentially gastropoda group to focus on the family Thiaridae. This group represents, 

as became evident in recent studies (Glaubrecht, 1996; Lydeard et al., 2002; Strong et 

al., 2011), one of the two (or three) independent invasions into and colonizations of 

freshwater habitats, and which was mainly distributed in Southeast Asia having an 

importance as intermediate hosts for infections in humans and animals (Brown, 1980; 

Brown, 1994; Ukong et al., 2007; Dechruksa et al., 2007; Krailas et al., 2011).  

 

Table 1. The biogeography of freshwater Cerithioidea taxa, listed by family, on a 

global scale. For species-level classification see references listed in the footnotes. 

(Modified from Glaubrecht, 2011)   

 

 

     1 With Potadoma on continental Africa and Madagasikara endemic to Madagascar, see Köhler &  
     Glaubrecht (2010);  

    2 Köhler and Glaubrecht (2001, 2003, 2006, 2007), Köhler and Dames (2009), Rintelen et al. (2007);   

    3 With only two species of Pseudopotamis endemic to the Torres Strait Island, see Glaubrecht and  
      Rintelen (2003);  
   4 Restricted to North America, for phylogeneric analysis see Holznagel & Lydeard (2000) and  
     Strong & Köhler (2009);  
   5 Restricted with Juga to the western drainages in North America see Holznagel & Lydeard (2000)  
      and Strong & Köhler (2009); 
   6 Restricted to Far East Russia, Japan and Korea, for phylogeneric analysis see Strong & Köhler  
     (2009);  
   7 Glaubrecht (1993, 1996);  

    8 With few Melanopsid species restricted to New Caledonia and New Zealand only, see Glaubrecht  
      (1996);  
    9 Wilson et al. (2004), Glaubrecht (2008a), Glaubrecht & Rintelen (2008b);  
   10 With Hemisininae on Caribbean islands and mainland South America only, Glaubrecht &  
       Rintelen (2008b); 
   11 Glaubrecht (1996, 1999, 2006), Glaubrecht & Rintelen (2008b);  
    12 Glaubrecht et al. (2009). 



10 

 

 

 

Figure 3. Phylogenetic of the Caenogastropod Superfamily Cerithioidea, based on the 

Bayesian analysis of a combined morphological and molecular dataset (16S, 28S, 

with unconserved regions removed). Freshwater lineages are highlighted. (Modified 

from Strong et al., 2011).
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Above all, Freshwater Cerithioidea can found on all continents (except Antarctica); 

such as Thiarid snails were dominant members of the family Thiaridae Gray, 1847 in 

many regions on the world and everywhere in Thailand. They are a very diverse 

group of gastropods and a monophyletic taxon with its constituent species being 

pantropically distributed such as Central and South America, Caribbean Island, 

Africa, Australia, Western Pacific and in particular Southeast Asia into Thailand. This 

family is found both in lotic (springs, creeks, rivers, streams) and lentic (lakes and 

ponds) freshwater environments (Stenomelania, Sermyla, Melanoides and Thiara), 

tolerating brackish water conditions and occurring in the lower courses and estuaries 

of smaller and larger river (Glaubrecht, 1996). In Thailand, the family Thiaridae were 

reported 4 genus, consists of Thiara, Melanoides, Tarebia, Sermyla (Brandt, 1974; 

Krailas et al., 2009). In addition, Recent studies phylogenetic analyses using 

morphological (shell, radula, and reproductive anatomy i.e. an uterine brood pouch) 

as well as molecular genetic data (COI and 16S) have revealed that the genus Brotia, 

Paracrostoma, and Adamietta did not members in family Thiaridae but all of them 

were distinct features and adelphotaxon to species of the family Pachychilidae 

(Köhler & Glaubrecht, 2001; Köhler, 2003; Köhler et al., 2004; Köhler & Glaubrecht, 

2006, 2007; Glaubrecht et al., 2009; Strong et al., 2011) (Figure 3). For family 

Pachychilidae also were reported 3 genus in Thailand, such as Adamietta, Brotia and 

Paracrostoma (Köhler et al., 2010, Krailas et al., 2009). Therefore, family Thiaridae 

were found 4 genera 5 species in Thailand such as Thiara scabra, Melanoides 

tuberculata, M. jugicostis, Tarebia granifera, Sermyla riqueti (Figure 4). Wherease, 

Thiarid snails were reported 8 genera 11 species in Australian; there are Thiara 

australis, Thiara amarula, Plotia scabra, Plotiopsis balonnensis, Stenomelania 

denisoniensis, Stenomelania cf. aspirans, Melasma onca, Sermyla venustula, Sermyla 

riqueti, Ripalania queenslandica, and Melanoides tuberculata (Glaubrecht et al., 

2009).    
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Figure 4. Shells and operculum of Thiarid snails (Family Thiaridae) in Thailand. 

(a) Thiara scabra; (b) Melanoides tuberculata; (c) Melanoides jugicostis; 

(d) Tarebia granifera; (e) Sermyla riqueti, Scale bar = 1 cm. 

 

5. Thiarid Systematic  

The short nomenclatural history of Thiaridae taxon reflects the uncertainty of its 

relationships and taxonomic placement. For example, the greats diversity at least 

seven pulmonate and prosobranch gastropod families were represented in Lake 

Tanganyika, the family Thiaridae (Caenogastropoda) was especially rich and diverse, 

with at least eighteen endemic genera (West et al., 2003). The shells are unusual in 

form and ornamentation that were frequently described in the literature with terms 

such as thalassoid and halolimnic to emphasize their resemblance to marine species. 

In a recent taxonomy of Tanganyika gastropod, Brown & Mandahl-Barth (1987) 

recognized a total of 60 prosobranch and pulmonate species with 37 endemics. At the 

same time, Thiarid snails were reported of 8 genus and 27 species by Brandt (1974) 

that they can be found in every parts of Thailand. Many shells are variation in each 

other that must careful examination reveals of species can be distinguished using only 

shell characters. Therefore, Molecular, anatomical works and ecological observations 

indicate that these taxonomies, at least for the thiarids, significantly underestimate 

species-level diversity for validity of thiarid species. Especially medical questions are 
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dependent on valid biological taxa. One of the most relevant diseases in Southeast 

Asia is Schistosomiasis or Bilharziasis. It is transmitted through microscopic cercariae 

living in freshwaters nearby human populations. Freshwater snails were represented 

an important host in the life cycle of these cercariae (Brown, 1994). To be the 

understanding of Thiarid snails species, their ecology, distribution and also their 

relation is of great importance when considering the possibility of controlling snails- 

borne diseases of trematodes infections in Thailand.  

 
5.1  On Thiaridae and the Genus Melanoides 

 Thiaridae  

 Class Gastropoda Cuvier, 1798 

       Subclass Orthogastropoda Ponder and Lindberg, 1997 

       Superorder Caenogastropoda Cox, 1960 

       Order Sorbeoconcha Ponder and Lindberg, 1997 

       Superfamily Cerithioidea Ferussac, 1819 

       Family Thiaridae Troschel, 1857 

 
The shell is generally covered with a thick brownish or olive periderm, elongately 

conic, turreted, ovate conoidal, with many whorls, apex generally eroded or truncate. 

The shell sculpture varies from ribbed to nodulate, aperture rounded, and narrowly 

ovate. The operculum is paucispiral. (Morrison, 1954; Solem, 1966; Pace, 1973; 

Brandt, 1974; Glaubrecht, 1999; Glaubrecht et al., 2009). Recent results coming from 

molecular approximations confirmed that the former Thiaridae sensu lato are a 

polyphyletic group comprising at least three independent evolutionary lineages. As 

result, Thiaridae sensu stricto were proposed for animals with a typical brood pouch 

in the neck region, as well as a midgut with a deep spiral caecum and a large 

accessory pad (Glaubrecht, 1999; Lydeard et al., 2002; Strong & Glaubrecht, 2002; 

Glaubrecht & Von Rintelen, 2003; Köhler & Glaubrecht, 2003). Members of the 

family Thiaridae were mainly defined by the presence of papillae in the mantle edge, 

which can be quite long; thin and weak hypobranchial gland; large osphradium the 

length of which may be a little less than the ctenidial length; the presence of a large 

lateral flange on the outer marginal tooth, which is an unusual feature of some 
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cerithioidean radulae; salivary glands above and anterior to nerve ring; absence of 

zygoneury and elongate extensions of the pedal ganglia enervating complex brood 

pouches in the head-food. Concerning reproductive strategies, most of the members in 

family Thiaridae are parthenogenetic (eggs develop without fertilization) populations 

of a few male. The eggs develop in the mantle cavity and in some species they escape 

as young snails while in others they swim away as veligers which later develop into 

young adults. The females bear birth pores of the subhaemocoelic brood pouch on the 

right side near the base of the tentacle, and males are present in many species, for 

example M. tuberculata in Israel were found male frequencies to range from 0% to 

66% (Heller & Farstey, 1990). The Thiaridae are widely distributed and occur in 

many streams, waterfall, pond and throughout water source in environments ranging 

from rocky, fast moving streams, to broad, slow moving rivers and quiet lakes 

(Houbrick, 1988).  Within the Thiaridae, This work plan to focus on genus 

Melanoides which are widely distributed with many congeneric species and 

constituent populations in Thailand. They were described as being phenotypically 

highly polymorphic and known, due to most recent preliminary molecular studies, to 

be genetically diverse. 

 

 5.2 Melanoides Olivier, 1804 – A case study 

 Class Gastropoda  Cuvier, 1798 

       Subclass Orthogastropoda  Ponder & Lindberg, 1997 

       Superorder Caenogastropoda  Cox, 1960 

       Order Sorbeoconcha  Ponder & Lindberg, 1997 

       Superfamily Cerithioidea  Ferussac, 1819 

       Family Thiaridae  Troschel, 1857 

 Genus Melanoides  Olivier, 1804 
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This genus is highly polymorphic in its shell and widely distributed in the Africa, 

South Europe, Southeast Asia, Australia, North America and the islands of the Indo-

Pacific and the original type locality of genus Melanoides from Coromandel in India 

(Benthem, 1956; Berry & Kadri, 1974; Brandt, 1974; Brown, 1980; Glaubrecht, 1996) 

(Figure 5).  

 

                  

                        Figure 5.  Overview distributions of Melanoides in the world. 

 

                        (Modified from International Biogeography Society, 2006). 
 

They live in freshwater lakes, river, streams, waterfall, pond and original water source 

(Brandt, 1974; Glaubrecht, 1996, 2009; Myers et al., 2000). The snails are viviparous 

and reproduce parthenogenetically, morphological characters inevitably play an 

important role in species recognition. The populations mostly consist of females with 

apomictic parthenogenesis as the common method of reproduction, although sexual 

reproduction also occurs. In addition to the shell of Melanoides presents an amazing 

morphological variation in general shape, background colour, ornaments, columellar 

band, size and sculpture patterns. For example, the eleven morphs were observed 

between 1979 and 2007 in Martinique and Guadeloupe (Pointier, 1993; Pointier et al., 

2003), Two of them were the result of local hybridization and the nine others the 

result of multiple introductions (Facon et al., 2003, 2005, 2008). All these 

Type locality, Coromandel, India. 
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characteristics highlight the difficulty in defining species limits within this group of 

snails. These snails were enormeous conchological variability and recently worldwide 

distribution (Glaubrecht, 1996; Eldblom & Kristensen, 2003; Glaubrecht & Rintelen, 

2003; Glaubrecht et al., 2009). Several morphologically distinct Melanoides taxa were 

presently believed to have evolved in Lake Malawi (Brown 1994; Sorensen et al., 

2005). Even though various scientists have described Melanoides taxa from Lake 

Malawi since 1877, confusion still exists concerning the number of species. In 1877, 

Smith suggested that seven species belonging to the genus Melania (Lamarck, 1801) 

were present in Lake Malawi. In 1889, Bourguignat added 29 species, resulting in a 

total of 36 species, which later were reduced to 12 species by Von Martens (1897). 

Crowley et al. (1964) reduced the number to 6 species, Mandahl-Barth (1972) 

suggested 9 species and Brown (1994) identified 8 species existing in the lake. 

Eldblom & Kristensen (2003) have recently suggested 5 species (M. polymorpha, M. 

nodicincta, M. simonsi, M. virgulata and M. tuberculata) based on shell and radula 

morphology (morphospecies). Currently the Melanoides classification applies only to 

asexually reproducing genetic clones (morphs) (Facon et al., 2003). The ongoing 

investigations of Melanoides illustrate the confusing state of species separation within 

the genus Melanoides, when applying morphological methods in Melanoides 

taxonomy.  Morphospecies identification is problematic due to high ecophenotypical 

variation or plasticity (van Damme & Pickford, 2003) that make adult shell shape and 

ornamentation unreliable characters (Davis, 1994). The same problem applies to 

radula morphology (Michel, 1994), thus there was a need for other methods besides 

morphological methods to separate the species. Samadi et al. (1999) constructed a 

morphological identification system that was supported by their molecular 

investigations. This system was based mainly on shell morphology and colour and 

was subsequently used by Facon et al. (2003) and Genner et al. (2004). Facon et al. 

(2003) investigated Melanoides invasions of the New World using molecular methods 

and suggested that the morphs were paraphyletic and Genner et al. (2004) discovered 

a camouflaged invasion of M. tuberculata morphs in Lake Malawi, accordingly to the 

authors found Melanoides originates in Thailand. These studies were very important 

because they have contributed significantly to the understanding of genetic and 
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phylogeography within the genus Melanoides. For the genus Melanoides that they 

were divided into two species in Thailand by Brandt (1974); comprise of M. 

tuberculata and M. jugicostis. The morphological identification of each species based 

on axial ribs, M. tuberculata has axial ribs weak and sculptured with spiral lines on 

whorl whereas M. jugicostis has ribs very strong and sculptured with spiral lines 

found only base of body whorl (Figure 4). In addition, Genus Melanoides were 

reported all of 46 species list names including in Lake Africa, Pacific islands, 

Southeast Asia, and Thailand (Brandt, 1974; Brown, 1980, 1994; Haynes, 2001). 

Which was more complicatedly  about  literature  research  for describtion species 

name as valid  (Table 2).  

 
Table 2. Specific list names for Melanoides. Bold names are still valid species in 

Thailand. Grey colour indicates names used for various species.  

 
admirabilis  Smith, 1880 nodicincta  Dohrn, 1865  

agglutinans  Bequaert & Clench, 1941  nsendweensis  Dupuis & Putzeys, 1900  

angolensis  Mandahl-Barth, 1974 nyangweensis   Dupuis & Putzeys, 1900 

anomala  Dautzenberg & Germain, 1914 nyassana  Smith, 1877 

arctecara  Mousson, 1857 pallens  Reeve, 1860 

arthurii  Brot, 1870 pergracilis  Martens, 1897  

aspirans  Hinds, 1847 peregrina  Mousson, 1869 

bavayi  Dautzenberg & Germain, 1914  plicaria  Born, 1778 

costata  Quoy & Gaimard, 1834 polymorpha  Smith, 1877   

crawshayi  Smith, 1893  psorica  Morelet, 1864 

depravata  Dupuis & Putzeys, 1900 punctata   Lamarck, 1822 

dupuisi  Spence, 1923 pupiformis  Smith, 1877 

jugicostis  Hanley & Theobald, 1876 recticosta  Martens, 1882  

kisangani  Pilsbry & Bequaert, 1927 simonsi  Smith, 1877 

kinshassaensis  Dupuis & Putzeys, 1900 torulosa  Bruguiere, 1789  

langi   Pilsbry & Bequaert, 1927 truncatelliformis  Bourguignat, 1885  

lamberti  Crosse, 1869 tuberculata  Müller, 1774 
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laxa  Mousson, 1869 turriculus  Lea, 1850 

liebrechtsi  Dautzenberg, 1901 turritispira  Smith, 1877  

lutosa  Gould, 1847 victoriae  Dohrn, 1865  

magnifica  Bourguignat, 1889 virgulata  Férussac, 1827 

manguensis  Thiele, 1928  voltae  Thiele, 1928 

mweruensis  Smith, 1893 wagenia  Pilsbry & Bequaert, 1927 

 

The geographically widespread genus Melanoides found in almost provinces of 

Thailand. They have been greatly complicated by conchological variability within and 

among nominal species in many areas of Thailand. For example Kang Song, 

Phitsanulok  Province; Than Sa Wun waterfall, Phayao Province; Mae Sa waterfall, 

Chiangmai Province in the North; Lam Ta Klong, Nakhonrachasima Province; Huai 

Lam Por Daeng, Chaiyaphum Province in the Northeast; Erawan waterfall and Sai 

Yok Noi waterfall, Kanchanaburi  Province in the Central; Klong Hin Kow, Rayong 

Province; Plew Stream Waterfall, Chantaburi Province in the East; Yod Leung  

Stream, Nakhon Si Thammarat  Province; Ton Sai Waterfall, Phuket  Province in the 

South of Thailand, and other localities that presented in here (Krailas et al., 2009) 

(Figure 6). Therefore, the present study was to investigate the shell morphology, 

systematic biology, molecular diversity and phylogenetic relationships of the morphs 

within the genus Melanoides in Thailand by analysis of sequence data for 16S and 

COI ribosomal DNA data from Thailand that have been analysed together with Lake 

Malawi, Madagascar Island, India, and Southeast Asia (Laos, Vietnam, Indonesia, 

Malasia, Singapore) sequences. 
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         Figure 6. Distributions of Melanoides spp. from 130 sampling localities              

         of Thailand. 
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6. Biogeography and Hydrology in Thailand 

 
“Biogeographic patterns… 

Are the results of two closely interwoven processes: 

The evolution of organisms, and the evolution of their habitats” 

                                                                  Bengt Hubendick: 1962: 249 

 
The present distributions of living organisms over the world’s surface are the 

result of past events such as vicariance and dispersal. Histological biogeographers aim 

to record the distribution of organisms in space and time, to reconstruct the history of 

taxa and areas and thus to reconcile biological patterns with those of geology. Since 

the 1960s, new methodologies in systematics resulting from phylogenetic and 

cladistics approaches and new geological evidence developing from the emergence of 

plate tectonic theory have modernized and revolutionized biogeography for 

knowledge about distributional patterns of difference taxa and in trying to understand 

how these patterns are related to the geology of the region. In reconstructing the 

history of taxa and areas, historical biogeography were concerned at synthesizing 

systematic and geological patterns (Glaubrecht, 2000). However, to date these efforts 

have been primarily restricted to a few organismal groups such as birds, mammals, 

fishes, butterflies (Unmack, 2001; Beheregaray, 2008; Adams et al., 2009; Glaubrecht 

et al., 2009, 2011). For limnic gastropods that their restricted habitat preference and 

high habitat fidelity, limited dispersal faculty in concert often with their ancestry and 

sometimes even rich palaeontological record. They have the potential to serve as ideal 

and important models for the study of historical biogeography and phylogeography 

for renewed consideration of dispersal as a valid component of biogeographic 

explanations.  

Biogeography today represents a modern and lively zoological discipline that 

the patterns of species distribution across geographical areas can usually be explained 

through a combination of historical factors such as; speciation, extinction, continental 

drift, glaciation, and associated variations in sea level, river routes, and habitat; and 

river capture; in combination with the geographic constraints of landmass areas and 

isolation; and the available ecosystem energy supplies. In addition, the legions of 
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definitions about biogeography was found in the literature (Schilder, 1956; De Lattin, 

1967; Müller, 1977; Wiley, 1981; Myers & Giller, 1988; Cox & Moore, 1993; Brown 

& Lomolino, 1998; Glaubrecht, 2000), in general can be understood as the discipline 

that aims to detect, document and analyze the distribution of organism. 

Biogeographers attempt to reconstruct and understand the evolutionary history of 

organisms in space and time, thereby trying both to record and to explain the 

geographical patterns of distribution of living organisms. Following Hennig’s (1950, 

1966) landmark conception of phylogenetic systematics not only systematics but also 

biogeography has experienced a leap of innovations. Therefore, the answers given to 

biogeographical questions have changed dramatically due to considerable progress in 

the development of new methods and the integration of recent geological evidence 

(Forey, 1981; Nelson & Rosen, 1981; Nelson & Platnick, 1981; Wiley, 1981, 1988; 

Thenius, 1984; Myers & Giller, 1988; Morrone & Crispi, 1995; Biondi, 1998; Hall & 

Holloway, 1998; Ronquist, 1998). At the same time, Thailand is situated within two 

major biogeographical regions, the Indochinese region in the North and the Sundaic 

region in the South (Figure 7a). Apart from the effect of these two regions within the 

Indomalayan Realm, some elements of Thailand’s flora and fauna are also influenced 

by biogeographical characteristics of the Indian and Palearctic region (Mackinnon & 

Mackinnon, 1986). Thailand can be further divided into six biogeographical units 

which include the restricted ranges of many local and endemic species (Collins et al., 

1991; Lekagul & Round, 1991) as follow; (1) The Northern mangroves and inshore 

islands (The Northern Highland) are surrounded by mountain ridges and wide valleys 

that extend southward from the border with Myanmar and Laos to about 18 degrees 

North. Prior to anthropogenic disturbance, a number of evergreen montane forests 

were supported in the area above 1,000 metres with mixed deciduous and dry 

dipterocarp forests on the lower slopes. The valley and upland areas have now been 

extensively cultivated especially by hill tribes, resulting in widespread deforestation. 

(2) The Northern offshore islands (The Korat Plateau) include the Northeastern area 

of Thailand between the Petchabun range in the west and the Donglak range in the 

South along the Cambodian border. The plateau is now widely deforested with some 

tropical rain forests and dry evergreen forests persisting in the hills. (3) The Central 
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Beach and Gallery forests (The Central Plain of the Chao Phraya River) are now 

almost entirely cultivated as paddy fields which has completely wiped out the 

previously existing freshwater swamps and monsoon forests. (4) The Greater Ao 

Phang-nga (The Southeast Upland) extends from the Cardamom mountain in 

Cambodia. Semi-evergreen forests mostly cover the upland’s area. (5) The Southern 

coastal forest (The Tenasserim Hills) extends southward along the border of Myanmar 

and rise steeply to about 1,000 metres above sea level. Even though the hills are 

situated in the rain shadow of the higher Myanmar side of the range, the hills have 

supported semi-evergreen forests on the higher elevations. Previously existing 

deciduous forests on the sides of the hill are now heavily encroached or deforested 

and have been replaced with grasslands or bamboo forests. (6) The Southern offshore 

islands (The Southern Peninsula) include the area of Thailand south of Kra isthmus to 

the Malaysian border. There is a distinct boundary at the Kra isthmus where a 

considerable number of Indochinese and Malaysian flora and fauna species reach their 

Southern and Northern limits, respectively. These six biogeographical units have 

distinct flora and fauna associations (Figure 7b). For example, many bird and 

mammal species of the Northern Highland have Chinese affinities, which cannot be 

found in other biogeographical units. Similarly, a number of mammal and bird species 

found in the Southern Peninsula have characteristics related to those of the Sundaic 

regions. So, The Thai peninsula is extremely important in the biogeography of 

Southeast Asia, since it forms both a bridge and a barrier to the distribution of 

Northern were Southern biotas. 
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      Figure 7. Map of Southeast Asia. (a) the boundaries of Indochinese and Sundaic  

      Provinces; (b) The Andaman bioregion is composed of six biogeographical units  

      in Thailand. 1: The Northern mangroves and inshore islands, 2: The Northern      

      offshore islands, 3: The Central beach and Gallery forests, 4: The Greater Ao  

      Phang-nga, 5: The Southern coastal forest, 6: The southern offshore islands.   

      (Lekagul & McNeely, 1988; Tougard, 2001). 
 

7. River systems of Thailand and major drainages.  

River systems in Thailand are consist of two principal river systems such as streams, 

rivers, and lakes in a particular drainage basin. There are the Chao Phraya river and 

the Mekong river. These rivers support the irrigation for Thailand's agricultural 

economy. In addition to these two large systems, there are a number of other river 

systems and individual rivers which drain the lands within Thailand's borders into the 

Gulf of Thailand and the Andaman Sea (Figure 8a). The Mekong is the only river 

system in Thailand which drains into the South China Sea. The great Thailand main 

rivers and most notable those in the rift that are the Chao Phraya river and the 

Mekong river. There are generally regarded as hotspots of aquatic biodiversity with 

local endemisms and spectacular species flocks of various animal group. Especially, 

N 
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gastropod in the river and its tributaries are the most diverse in the country as well, 

then to must attention and understanding about river systems, which is presented here.  

 
7.1 Chao Phraya River System 

The Chao Phraya River System is the main river system of Thailand, as its basin 

defines much of the region of central Thailand. This river begins at the confluence of 

the Ping and Nan river at Nakhon Sawan (Pak Nam Pho), Nakhon Sawan province. It 

then flows from north to south for 372 kilometres (231 miles) from the central plains 

through Bangkok to the Gulf of Thailand. In Chainat, the river splits into the main 

river course and the Tha Chin river, which then flows parallel to the main river and 

exits to Gulf of Thailand at about 35 kilometres (22 miles) west of Bangkok in Samut 

Sakhon. In the low alluvial plain which begins below the Chainat dam, many small 

canals (klong) split off from the main river. The principal tributaries of the Chao 

Phraya River are the Pa Sak River, the Sakae Krang River, the Nan River (along with 

its principal confluent the Yom River), the Ping River (with its principal confluent the 

Wang River), and the Tha Chin River. None of the tributaries of the Chao Phraya 

extend beyond the nation's borders. The Nan and the Yom River flow nearly parallel 

from Phitsanulok to Chumsaeng in the north of Nakhon Sawan province. The Wang 

River enters the Ping River near Sam Ngao district in Tak province (Figure 8b).   

 

7.2 Mekong River System 

The Mekong River is one of the world’s major rivers and drains into the South 

China Sea. Its estimated length is 4,880 kilometres (3,030 miles). From the Tibetan 

Plateau it runs through China's Yunnan province, Myanmar, Thailand, Laos, 

Cambodia and Vietnam. All except China and Myanmar belong to the Mekong River 

Commission. The extreme seasonal variations in flow and the presence of rapids and 

waterfalls have made navigation extremely difficulty. The river then divides Laos and 

Thailand, before a stretch passing through Laos. It is known as Mae Nam Khong 

(Mother of all rivers) in both Laos and Thai (Figure 8c).  

The most conspicuous features of Thailand's terrain are high mountains, a 

central plain, and an upland plateau. Mountains cover much of northern Thailand and 
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extend along the Myanmar border down through the Kra Isthmus and the Malay 

Peninsula. The central plain is a lowland area drained by the Chao Phraya River and 

its tributaries, the country's principal river system. Which feeds into the delta at the 

head of the Bay of Bangkok. The Chao Phraya system drains about one-third of the 

nation's territory. In the northeastern part of the country the Khorat Plateau, a region 

of gently rolling low hills and shallow lakes, drains into the Mekong through the Mun 

River. The Mekong system empties into the South China Sea and includes a series of 

canals and dams. Above all, This is necessary for the characterization of the 

geographical ranges of Thiaridae fauna and comparative purposes to briefly look into 

some of the most important regionalizations suggested on biota in general and for 

different drainage systems in Thailand. Accordingly, this study work on thiarid snails 

in genus Melanoides’s biogeography these differentiated references proved to be 

important, as both the provinces as well as the drainage system divisions 

corresponding to major rivers were found most relevant. It will also allow to place the 

present study in the wider framework of investigations into the evolution and 

biogeography of Thailand freshwater snails fauna. 
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      Figure 8. River systems map of Thailand. (a) Topographic map of Thailand  

      demonstrating primarily the Chao Phraya River System in the central plains and  

      branches of the Mekong River System flowing west to east, (b) Chao Phraya 

      River System, (c) Mekong River System. (Modified from Wikipedia: River  

      systems of Thailand, 2013).   
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CHAPTER II 

 

         OBJECTIVES 

 

Species diversity of freshwater gastropods attributed to Melanoides Olivier, 1804 

based on conchological differently has long remained confusing. Previously, only 

scattered information was available on the taxonomy and complicated on the 

phylogenetic relationships in all of them that they were found widely distributed in 

everywhere of Thailand. This work, as a first step towards to resolve the variations in 

shell morphological characters of Melanoides confusion based on systematic revision 

and phylogenetic analysis, the relevant types were re-examined and compared with 

Thai material and other regions that were obtained all specimens from various 

museum collections. Frameworks of the present study were: 

  
(1) To investigate the diversity and phylogenetic of snails of the genus 

Melanoides Olivier, 1804 in Thailand.   

 

(2) To investigate the systematic revision of snails of the genus Melanoides 

Olivier, 1804 based on shell morphological differentiation, radula, ontogeny 

and genetic variation.  
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CHAPTER III 

 

MATERIALS AND METHODS 

1. Materials 

Freshwater snails genus Melanoides were obtained from Parasitology and Medical 

Malacology Research Unit (PaMaSU), Department of Biology, Faculty of Science, 

Silpakorn University, Thailand, Museum of Natural History, Berlin (ZMB) and 

Zoologist Museum University Copenhagen (ZMUC). The snail samples of Thailand 

were collected from 130 localities between 2009-2013. Representative snail samples 

were picked from 35 sampling localities, they were 4 areas of the North, 3 areas of the 

Northeast, 4 areas of the East, 8 areas of the West, 4 areas of the Central and 12 areas 

of the South (Figure 9, Table 3). All of materials were preserved in 95-96% ethanol. 

Some samples were immediately crack in the field to allow the preservative 

completely penetrate into the soft bodies. Ethanol was changed once or twice in the 

field. While some materials was only preserved as dry shells. The precise positions of 

the collection sites were obtained by GPS (Garmin PLUS III, Taiwan). The 

geographical regions of Thailand were classified by the National Research Council, 

based on natural features including landforms and drainage, as well as human cultural 

patterns (Atlas of Thailand, 2013; Geography of Thailand, 2013). The characteristic 

habitats were ponds, rivers, brooks, trenches and mountain creeks of sampling areas 

(Figure 10-14). For the climatic data shown in Figure 33 the author used direct 

informations from the office of the Electricity Generating Authority of Thailand, 

Srinagarindra Dam, Srisawad District, Kanchanaburi Province, Thailand. 
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Figure 9. Thailand map shows 35 localities of sampling areas snail samples were 

collected. (see more details: (1) Mae Mai waterway; (2) Tharn Sa Wun waterfall; (3)  
Mang river; (4) Kang Song; (5) 42 km of Wang Thong; (6) Mae Sa waterfall; (7) Huai Lum  

Pau Dang; (8) Ban Ga Set Som Boon; (9) Lum Ta Klong; (10) Plew waterfall stream; (11) Sra  

Keaw pond; (12) Khao Kheow open zoo reservoir; (13) Klong Hin Kow canal; (14) Sai Yok  

Noi waterfall; (15) Huai Khayeng stream; (16) Ban Mai Pai Jay Dee; (17) Chainat Bird Park; 

(18) Sai Yok Yai waterfall; (19) Erawan waterfall; (20) Wipawadee waterfall; (21) Kathu 

waterfall; (22) Ton Sai waterfall; (23) Ra Mon waterfall; (24) Klong Sai; (25) Klong Meung; 

(26) Yod  Leung stream; (27) Klong Ra canal; (28) Sai Ku waterfall; (29) Klong Tub Sa Kae; 

(30) Kha Aon waterfall; (31) 19+500 km of drainage from Cha-Um; (32) Klong Bang Bon; 

(33) Klong Yan; (34) Klong Pa Liean and (35) Klong Cha Lung (Remark: Yellow: Northeast, 

Purple: North, Green: Central, Blue: West, Pink: East, and Orange: South of Thailand.
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Table 3. Distributions of Melanoides spp. and GPS data were studied in Thailand. 

 
 

No. 
 

Sampling locality 
 

District, Province 
 

Altitude, Longtitude 

 
1 
 
 
2 
 
 
3 
 
 
4 
 
 
5 
 
 
 
6 
 
 
7 
 
 
8 
 
 
9 
 
 

10 
 
 

11 
 
 

12 
 
 

13 
 
 

14 
 
 

15 

 
Mae Mai waterway 
 
 
Tharn Sa Wun waterfall 
 
 
Mang river 
 
 
Kang Song  
 
 
42 km of Wang Thong 
 
 
 
Mae Sa waterfall 
 
 
Huai Lum Pau Dang 
 
 
Ban Ga Set Som Boon 
 
 
Lum Ta Klong 
 
 
Plew waterfall stream 
 
 
Sra Keaw pond 
 
 
Khao Kheow open zoo 
reservoir 

 
Klong Hin Kow canal 
 
 
Sai Yok Noi waterfall 
 
 
Huai Khayeng stream 
 

 
Mae Ta, Lampang 
 
 
Chiengmuan, Phayao 
 
 
Bou Glur, Nan 
 
 
Wang Thong, Pitsanulok 
 
 
Wang Thong, Pitsanulok 
 
 
 
Mae Rim, Chiang Mai  
 
 
Thep Sathit, Chaiyaphum 
 
 
Ni Kom Kum Soi, 
Mukdaharn 
 
Pak Chong, Nakhonratchasima 
 
 
Plew, Chanthaburi 
 
 
Meung, Sra Keaw 
 
 
Sri Racha, Chonburi 
 

 
Meung, Rayong 
 
 
Sai Yok, Kanchanaburi  
 
 
Thong Pha Phum, 
Kanchanaburi 

 
E99˚37 ̕35.1˝,  
N18˚07 ̕1.8˝  (Alt. 269 m) 
 
E100˚11 ̕9.6˝, N18˚51 ̕22.7˝ 
(Alt. 420 m) 
 
E 101o 09  21.4 ,  
N19o08  48   (Alt. 649 m) 
 
E100o 38  05.7 ,  
N16o 51 54.8  (Alt. 100 m) 
        
E100o 36  44.2 ,  
N16o 51 06.4  (Alt. 78 m) 
 
E98o 54  12.9 ,  
N18o 54  17.6 (Alt. 224 m)     
 
E101˚24 ̕57˝, 
N15˚33 ̕43.6˝(Alt. 412 m)       
 
E104o 33  34.9 ,  
N16o 20  08.4 (Alt. 306 m)     
 
E101˚23 ̕26.4˝, 
N14˚25 ̕19.6˝ (Alt. 712 m) 
 
E102˚10 ̕35.4˝,  
N12˚31 ̕14.3˝  (Alt. 39 m) 
 
E102˚03 ̕37.9˝,  
N13˚49 ̕7.0˝  (Alt. 43 m)     
 
E101˚03 ̕50.2˝,  
N13˚12 ̕45.0˝ (Alt. 128 m) 

 
E101˚23 ̕22.4˝,  
N12˚36 ̕31.7˝ (Alt. 1 m) 
 
E99˚03 ̕55.9˝, 
N14˚14 ̕27.6˝ (Alt. 166 m) 
 
E98˚35 ̕3.6˝, 
N14˚42 ̕0.2˝  (Alt. 173 m) 
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Table 3 (Continued).  
 

 
No. 

 
Sampling locality 

 
District, Province 

 
Altitude, Longtitude 

 
16 

 
 

17 
 
 

18 
 
 

19 
 
 

20 
 
 

21 
 
 

22 
 
 

23 
 
 

24 
 
 

25 
 
 

26 
 

 
27 

 
 

28 
 
 

29 
 
 

30 

 
Ban Mai Pai Jay Dee 
 
 
Chainat Bird park 
 
 
Sai Yok Yai waterfall 
 
 
Erawan waterfall 
 
 
Wipawadee waterfall 
 
 
Kathu waterfall 
 
 
Ton Sai waterfall 
 
 
Ra Mon waterfall 
 
 
Klong Sai 
 
 
Klong Muang 
 
 
Yod Leung stream 
 
 
Klong Ra canal 
 
 
Sai Ku waterfall 
 
 
Klong Tub Sa Kae 
 
 
Kha Aon waterfall 

 
Kamphang  Saen,  
Nakhonpathom 
 
Meung, Chainat 
 
 
Sai Yok, Kanchanaburi 
 
 
Sri Sa Wad, Kanchanaburi 
 
 
Donsak, Surat Thani 
 
 
Kathu, Phuket 
 
 
Talang, Phuket 
 
 
Ta Gua Thong,  
Phangnga  
 
Meung, Krabi 
 
 
Khuan Niang, Songkhla 
 
 
Nopphitam,  
Nakhon Si Thammarat 
 
Lang Suan, Chumphon  
 
 
Bang Sa Pan, 
Prachuabkirikhan 
 
Tub Sa Kae, 
Prachuabkirikhan 
 
Bang Sa Pan, 
Prachuabkirikhan 
 

 
E100˚03 ̕27.3˝, 
N14˚02 ̕10.5˝  (Alt. 10 m) 
 
E100˚09 ̕21.9˝, 
N15˚12 ̕26.5˝  (Alt. 31 m) 
 
E98˚51 ̕14.7˝, 
N14˚26 ̕03.0˝  (Alt. 14 m) 
 
E099˚08 ̕51.8˝, 
N14˚22 ̕23.9˝  (Alt. 81 m) 
 
E 99˚40 ̕31.2˝,  
N 9˚8 ̕9.6˝  (Alt. 10 m) 
 
E98˚19 ̕34˝,  
N7˚55 ̕49.4˝ (Alt. 43 m) 
 
E98˚21 ̕58.8˝, 
N8˚1 ̕32.4˝  (Alt. 45 m) 
 
E98˚28 ̕0.9˝,  
N8˚27 ̕8.5˝( Alt. 33 m) 
 
E 98˚ 47 ̕ 433˝   
N 08˚ 10 ̕ 482˝  (Alt. 23 m) 
 
E 98˚ 48 ̕ 535˝,   
N 08˚ 5´772˝  (Alt. 13 m) 
 
E99˚45 ̕11.6˝, 
N08˚38 ̕10.5˝ (Alt. 68) 
 
E99˚00 ̕59.8˝, 
N09˚59 ̕04.3˝ (Alt. 44)  
 
E99˚21 ̕36.1˝, 
N11˚14 ̕21.8˝ (Alt. 83) 
 
E99˚36 ̕20.3˝, 
N11˚29 ̕40.1˝ (Alt. 13)  
 
E99˚26 ̕56.9˝, 
N11˚26 ̕04.6˝ (Alt. 90) 
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Table 3 (Continued).  

 
 

No. 
 

Sampling locality 
 

District, Province 
 

Altitude, Longtitude 

 
31 

 
 
 

32 
 
 

33 
 
 

34 
 
 

35 

 
19+500 km of drainage 
from Cha-Um 
 
 
Klong Bang Bon 
 
 
Klong Yan 
 
 
Klong Pa Liean 
 
 
Klong Cha Lung 

 
Cha-Um, Phetburi 
 
 
 
Kraburi, Ranong 
 
 
Wipawadee, Surat Thani 
 
 
Yan Ta Kow, Trung 
 
 
Meung, Satun 

 
E99˚59 ̕48.5 ˝, 
N12˚51 ̕15.1˝ (Alt. 17) 
 
 
E98˚46 ̕48.7 ˝, 
N10˚20 ̕10.8˝ (Alt. 18) 
 
E98˚57 ̕20.3 ˝, 
N9˚12 ̕12.8 ˝  (Alt. 66) 
 
E99˚40'51.6 ˝, 
N07˚22 ̕11.5 ˝   (Alt. 12)  
 
E100˚03'45.2 ˝, 
N06˚43 ̕37.2 ˝   (Alt. 37)  
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 Figure 10. Habitat of sampling areas: (1) Mae Mai waterway; (2) Tharn Sa Wun  

 waterfall; (3) Mang river; (4) Kang Song; (5) 42 km of Wang Thong; (6) Mae Sa   

 waterfall; (7) Huai Lum Pau Dang; (8) Ban Ga Set Som Boon. 
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       Figure 11. Habitat of sampling areas: (9) Lum Ta Klong; (10) Plew waterfall  

       stream; (11) Sra Keaw pond; (12) Khao Kheow open zoo reservoir; (13) Klong  

       Hin Kow canal; (14) Sai Yok Noi waterfall; (15) Huai Khayeng stream; (16) Ban  

      Mai Pai Jay Dee. 
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    Figure 12. Habitat of sampling areas: (17) Chainat Bird Park; (18) Sai Yok Yai  

    waterfall; (19) Erawan waterfall; (20) Wipawadee waterfall; (21) Kathu waterfall;  

    (22) Ton Sai waterfall; (23) Ra Mon waterfall; (24) Klong Sai. 
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    Figure 13. Habitat of sampling areas: (25) Klong Meung; (26) Yod Leung stream;  

   (27) Klong Ra canal; (28) Sai Ku waterfall; (29) Klong Tub Sa Kae; (30) Kha Aon  

   waterfall; (31) 19+500 km of drainage from Cha-Um; (32) Klong Bang Bon. 
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     Figure 14. Habitat of sampling areas: (33) Klong Yan; (34) Klong Pa Liean; 

     (35) Klong Cha Lung.  

 

2. Methods 

2.1 Distribution Map 

The localities of the relevant samples were mapped on a dot-by-dot basis to a digitally 

reduced version of the drainage pattern map of the world and Thailand. This map was 

created using a map (“topography”) on basis of the Global 30-Arc-Second Elevation 

Data (GTOPO30) from the U.S. Geological Survey and a river map from the map 

server Aquarius Geomar and then compiled using Adobe Photoshop CS5 and Adobe 

Illustrator.  

2.2 Morphology 

2.2.1 Shell Morphology 

Type specimens and examined material were photographed with a digital camera 

(Canon EOS 350D, Sony Cyber-shot DSC-T200), then edited images with Adobe 

Photoshop CS5 and Adobe Illustrator for windows. 

35 

33 34
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2.2.2 Biometrics 

Adult Shells : 

Standard shell measurements were essentially carried out under a steriomicroscope. 

Shells were cleaned with distilled water. The biometrical parameters of all adult shells 

were studied including height of shell (h), width of shell (w), height of aperture (ha), 

width of aperture (wa), height of body whorl (hbw), height of last three whorls (h3w), 

structure of whorl (sw), structure of suture (ss), rounding of whorl (rw), number of 

striae (ns), number of ribs (nr), number of nodules (nn) and number of whorl (nw). 

The shells were measured by an electronic caliper (accuracy 0.01 mm), and 

photograph (Figure 15a).  

 

Juvenile Shells : 

Measurements of the juvenile shells comprise of height (h), width (w) and maximum 

diameter (d) at one whorl were obtained by the scanning electron micrographs, SEM  

(accuracy 1 micron) (Figure 15b). 

 

 

 

 

 

 

 

 

                           

 

                                  Figure 15.  Measured shell parameters.  

                                  (a) Adult shells,  

                                  (b) Protoconch of shell (Glaubrecht et al., 2009).  

                                       See text for abbreviations.

a b 
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Statistical Analysis : 

The standard biometric parameters of the adult shells were taken, including height of 

shell, width of snail, height of aperture, width of aperture, height of body whorl, 

height of last three whorls, and number of whorl. The analysis of the shells and the 

relationships formed from them, were performed with SPSS for windows (version 

17.0) on the determination of the mean (M) and standard deviation (SD).  

 
2.3 Geometric  Morphometrics 

Morphometric analysis with landmarks is method fulfilling these criteria and has been 

successfully used in former studies to analyses shells of various snail species 

(Carvajal-Rodríguez et al., 2005; Van Bocxlaer & Schultheiß, 2010). The method was 

already used landmarks and takes the geometrical relationships among the landmarks 

into account for the shape of the organism is represented by the parameters. In the 

following approach geometric morphometrics was used to analyses differences in 

shell morphology between Melanoides species in Thailand and other regions (Lake 

Malawi, Madagascar Island, Laos, Vietnam, India). Thus all specimens were 

photographed with a Canon EOS 350D digital camera. Fifteen and nine homologous 

landmarks (LM) for M. tuberculata and M. jugicostis respectively, were set on the 

photos (Figure 16). For M. jugicostis used nine landmarks that they are rough shells 

between whorl and each whorl of shell. It helps the digit meter to accuracy data for 

analysis within snail samples of genus Melanoides. Shell variables were created using 

tpsUtil 1.21.0.1 (version 1.46) and tpsDig2 (version 2.16) (Rohlf, 2010). After placing 

the landmarks on each photo, the distances between the landmarks were calculated 

and nonmetric multidimensional scaling plots were created using tpsRelw 1.49. The 

transformation of landmarks and statistical analysis were done by PAST, version 2.10 

(Hammer et al., 2001) using the principal components analysis (PCA) to compare the 

two different Melanoides species and Pseudoplotia scabra (outgroup). Of each lot a 

maximum of 30 shells were measured in each location with three complete whorls 

that used for the analysis.  
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                  Figure 16. Position of landmarks used in the morphometric analysis. 

                                     (a) Melanoides tuberculata; (b) Melanoides jugicostis 

 

The final measurements were listed via Microsoft®Office Excel 2010 and statistic 

appraisal was done using SPSS (version 16). To reveal differences among the 

Melanoides species regarding height (h) and width (w) of the shells boxplot analysis 

was applied to the dataset. 

 
2.4 Anatomical Study 

The anatomy of  snails was observed by relaxing the alive snails in water contain  

menthol flakes before dissection. After 2-3 hour of relaxation, the snails were 

dissected under a stereomicroscope using pointed forceps, micro-scissors and insect 

needles. Camera lucida was used in drawing. The reproductive system and digestive 

system of 35 populations of the genus Melanoides were examined.  

 
2.4.1 Radula Morphology 

The radula is a crucial characteristic when determining snail species or distinguishing 

between groups or families. Therefore radulae are important morphological characters 

for the systematic analysis. The radula of snail samples were removed from the head-

foot organ, washed in water for a few minutes and transfered to 10% sodium 

hydroxide (NaOH) and cleaned with 2% hydrochloric (HCl) to neutralize the excess 

hydroxide. The radula ribbons were stained in an aqueous solution of 4% Eosin Y in 

95% alcohol. For high resolution image, the radula ribbons were dried by air and then 

coated with gold-palladium in an ion-sputtering apparatus (Palaron CPD 7501, UK 

a b 
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and Polaron SC7640 SEM Sputter Coater) for 2-3 minutes and examined in scanning 

electron microscope (Camscan MX 2000, UK; LEO 1450 VP, UK; Hitachi S-2360N, 

Japan).  

2.4.2 The Number of Radula Teeth 

The number cusps of radula (accuracy 0.1 mm) were determined during the 

examination with scanning electron microscope, as follows: rachidian or central tooth 

(number of left side cusps/ median denticle (s)/ number of right side cusps), lateral 

teeth (inner cusps/ pronounced denticle/ outer cusps), and marginal teeth (number of 

cusps on inner marginal tooth and number of cusps on outer marginal tooth). The cusp 

number of the central teeth was analysed for species-specific characteristic. 

 
2.4.3 Embryonic and juvenile shells 

Melanoides spp. are viviparous and parthenogenetic, they were brooded and 

nourished their young in a compartimentalized sub-haemocoelic brood pouch, 

releasing well developed crawling juveniles with shells comprising several whorls. 

Ontogenetic stages were removed from the brood pouch, counted according to 

selected size classes, with some mounted on stubs and spattered with gold-palladium 

for SEM studies and documentation (Figure 17). Some stages were treated with 

Hexamethyldisilazan (HMDS), which was subsequently evaporated (Nation, 1983; 

Barré et al., 2006). Finally, the samples were air dried at room temperature overnight 

and mounted on aluminium stubs with adhesive carbon pads. They were immediately 

coated and observed with SEM. Early ontogenetic stages in caenogastropods were 

characterized by the initial whorl of the shell lacking growth lines. Compared to 

marine taxa, freshwater gastropods have a less distinct scultural transition from the 

primary (or embryonic) shell without growth lines and the secondary (=larva) shell to 

adult or tertiary shell (=teleoconch).  
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Figure 17. Shells of juvenile in brood pouch. (a-d) Melanoides tuberculata, 

India,Tamil Nadu (ZMB 200313); (a) lateral view; (b) apical whorls, lateral; (c) apical 

view; (d) details of the protoconch. Scale bar = 200 μm.  

 

2.5  Molecular Analysis 

2.5.1 DNA Extraction 

Genomic DNA was obtained from foot tissues of Melanoides samples from Thailand, 

Madagascar Island, Lake Malawi, Egypt, India, Japan, Malasia, Indonesia, 

Philippines, Singapore, Vietnam, and Laos (Table 4, Appendix D). The head-foot 

region of snails were chopped and DNA was extracted using CTAB buffer by a 

modified version of Winnepenninckx et al. (1993). CTAB method was added to tissue 

with the addition proteinase K and 2-mercaptoethanol and incubated at 55 °C 

overnight. Subsequently, chloroform-isoamyl alcohol (24:1) was added 2 times for 

removing protein.  Then, DNA was precipitated in 95% ethanol and 3M of sodium 

acetate at 4 °C overnight. DNA pellets were resuspended in Tris-HCl (pH 8.0) and 

preserved in -20 °C. 

 
 
 

a
. 

b 

c d 
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Table 4. DNA samples of Melanoides species, obtained from Museum Natural 

History Berlin (ZMB) and Silpakorn University Thailand (SUT). 
 
 N                Species                        Code No.               Lab No.              Locality/Region              Morph        

     
 1     Melanoides jugicostis          SUT0210021      7774, 7775      Kanchanaburi, THA        MCT11 

 2     Melanoides jugicostis          SUT0210025      8081           Phangnga, THA               MCT11 

 3    Melanoides tuberculata        SUT0210002      7811, 8084       Pitsanulok, THA              MCT6 

 4    Melanoides tuberculata        SUT0210003      7718, 8085       Phayao, THA              MCT2   

 5    Melanoides tuberculata        SUT0201004       8086           Nan, THA              MCT4 

 6    Melanoides tuberculata        SUT0210005      7720, 8087        Pitsanulok, THA              MCT4 

 7    Melanoides tuberculata         SUT0210006      8043, 8088      Pitsanulok, THA              MCT6 

 8    Melanoides tuberculata         SUT0210008      7853, 8099       Chaiyaphum, THA           MCT4 

 9    Melanoides tuberculata         SUT0210009      8100           Mukdaharn, THA             MCT3 

10   Melanoides tuberculata         SUT0210010      7744, 8101      Nakhonratchasima, THA       MCT7 

11   Melanoides tuberculata          SUT0210011     7855               Nakhonratchasima, THA       MCT7             

12   Melanoides tuberculata           SUT0209013      7726, 8091       Sra Keaw, THA               MCT9                           

13   Melanoides tuberculata     SUT0209014     7818, 8092  Chonburi, THA                MCT5                  

14   Melanoides tuberculata     SUT0209015    8047, 8093   Rayong, THA                   MCT9               

15   Melanoides tuberculata     SUT0209016    7737, 8094   Kanchanaburi, THA         MCT5                        

16   Melanoides tuberculata      SUT0209017    7738, 8095   Kanchanaburi, THA         MCT2        

17  Melanoides tuberculata      SUT0210018       8096       Nakhonpathom, THA       MCT5                    

18  Melanoides tuberculata      SUT0210019    7740, 8097   Chainat, THA                MCT5                             

19  Melanoides tuberculata      SUT0210020    8098        Kanchanaburi, THA         MCT5                       

20  Melanoides tuberculata      SUT0209022    8049, 8102   Surat Thani, THA            MCT5   

21  Melanoides tuberculata      SUT0210023     7749        Phuket, THA                    MCT3                

22  Melanoides tuberculata       SUT0210024       8050        Phuket, THA                    MCT6                        

23  Melanoides tuberculata      SUT0210026      7860        Krabi, THIA                     MCT8              

24  Melanoides tuberculata      SUT0210027    7755, 8109    Nakhonsithammarat, THA     MCT7 

25  Melanoides tuberculata      SUT0210028       8103        Surat Thani, THA            MCT8                     

26  Melanoides tuberculata      SUT0210029    7757, 8111   Chumphon, THA             MCT1                 

27  Melanoides tuberculata      SUT0210030     8051, 8112   Prachuabkirikhan, THA          MCT5  

28  Melanoides tuberculata      SUT0210031     8052, 8113   Prachuabkirikhan, THA          MCT7              

29  Melanoides tuberculata       SUT0210032     7761, 8114    Prachuabkirikhan, THA         MCT10                         

30  Melanoides tuberculata      SUT0210033     7762, 8115    Prachuabkirikhan, THA         MCT7         

31  Melanoides tuberculata       SUT0210034   7763, 8116    Prachuabkirikhan, THA         MCT7            

32  Melanoides tuberculata      SUT0210035      8117          Phetchaburi, THA            MCT4 
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Table 4 (Continued).  
 

 N                Species                           Code No.             Lab No.             Locality/Region               Morph          

33  Melanoides tuberculata      ZMB107857      7751           Phuket, THA                    MCT6                           

34  Melanoides tuberculata      ZMB107866      7754, 8108    Krabi, THA                      MCT7                            

35  Melanoides tuberculata      ZMB107867     7350, 7528         Songkhla, THA                  MCT8                               

36  Melanoides tuberculata      ZMB107868     7756, 8110    Nakhonsithammarat, THA     MCT7      

37  Melanoides tuberculata      ZMB107875      7858            Surat Thani, THA            MCT8               

38  Melanoides tuberculata      ZMB107876     7351, 7862     Chumphon, THA             MCT1                     

39  Melanoides tuberculata      ZMB107913      7717            Lampang, THA                MCT6          

40  Melanoides tuberculata      ZMB107921      7353           Chiang Mai, THA            MCT2                  

41 Melanoides tuberculata      ZMB200313     7530, 8082     Tamil Nadu, IND                 -              

42 Melanoides tuberculata      ZMB107978     7736, 8128     Alexandria, EGY                 -                  

43  Melanoides tuberculata      ZMB112662       7531            Nepal     - 

44 Melanoides tuberculata      ZMB127015    7864, 8133       Manandaza, MAD               -      

45 Melanoides tuberculata      ZMB127019     7867, 8136      Ihosy, MAD                        -     

46 Melanoides tuberculata      ZMB127021       8137             Beroroha, MAD                  -  

47  Melanoides tuberculata     ZMB127022     7869, 8138      Fanjakana, MAD                -      

48  Melanoides tuberculata      ZMB127034        8143            Benenitra, MAD                 -   

49  Melanoides tuberculata      ZMB127036        8144            Tongobory, MAD               -                                     

50 Melanoides tuberculata      ZMB127039      8135            Managnatrana, MAD          -   

 51 Melanoides spp.                  ZMB127071      8140            Ranohira, MAD                  - 

52 Melanoides spp.                  ZMB127073       8141            Betroka, MAD                    -   

53 Melanoides spp.                  ZMB127078       7876            Befandriana, MAD             -    

54 Melanoides nodicincta       ZMB107177     7631,  8164      Cape McClear, LMW         -     

55  Melanoides virgulata         ZMB107179       8146            Chilumba, LMW                -    

56  Melanoides nodicincta       ZMB107180        7632, 8165       Chilumba, LMW                -   

57 Melanoides tuberculata      ZMB107181        7626, 8161       Ngora, LMW                      -  

58 Melanoides tuberculata      ZMB107187        7620,  8155       Karonga, LMW                  -  

59 Melanoides virgulata          ZMB107189       7611, 8149        Chilumba, LMW                -  

60  Melanoides simonsi           ZMB107190       7634, 8167         Chilumba, LMW                -   

61 Melanoides nodicincta        ZMB107191     8162            Chilumba, LMW                - 

62 Melanoides virgulata          ZMB107192       7610, 8148        Chipoka, LMW                  -    

63  Melanoides tuberculata     ZMB107193       7623, 8158        Chilumba, LMW                -   

64 Melanoides nodicincta        ZMB107194      7630, 8163        Chilumba, LMW                -   

65 Melanoides virgulata          ZMB107195       7612            Chilumba, LMW                - 

 



45 

 

 

Table 4 (Continued).  
 
N                Species                           Code No.             Lab No.              Locality/Region               Morph        

66 Melanoides tuberculata      ZMB107197      7624, 8159        Chamawi, LMW                  -           

67 Melanoides tuberculata      ZMB107199      7625, 8160        Chipoka, LMW                  -      

68 Melanoides virgulata          ZMB107200    7615, 5141, 8152 Maleri Island, LMW        - 

69 Melanoides virgulata          ZMB107201     7613, 8151        Chipoka, LMW                -   

70  Melanoides tuberculata     ZMB106592     4077             Netherlands                       -          

71  Melanoides tuberculata     ZMB106726     1854, 4129         Netherlands                        - 

72  Melanoides tuberculata     ZMB106726        4129             QNL                                     - 

73  Melanoides tuberculata     ZMB106690     1823              Wallis                                - 

74  Melanoides tuberculata     ZMB106401       1066              Finland                               - 

75  Melanoides tuberculata     ZMB107536      6919              Wallis                                 - 

76  Melanoides tuberculata     ZMB107535       6918              Futuna                                 - 

77  Melanoides tuberculata     ZMB107538       6920              Futuna                                 - 

78  Melanoides tuberculata     ZMB107129       2855              Jamiga                                - 

79  Melanoides tuberculata     ZMB107130       2865              Jamiga                              - 

80  Melanoides tuberculata     ZMB191789    7917, 8125        Kedah, MLS                      -           
81  Melanoides tuberculata     ZMB112744        7916             Sarawak, MLS                    -            

82  Melanoides tuberculata     ZMB114138       7919             Hoa Binh, VIE                     -       

83  Melanoides tuberculata     ZMB114159       8127              Lao  Cai, VIE                       -                

84  Melanoides tuberculata     SUT0110005      7729, 8129        Chinese garden, SIN            -     

85 Melanoides tuberculata     ZMB107717      7346              Sumatra, IND                       - 

86 Melanoides tuberculata     ZMB107719       7348              Sumatra, IND                       - 

87 Melanoides tuberculata     ZMB113598       7347              Sumatra, IND                       - 

88 Melanoides tuberculata     ZMB193926       6330              Sumatra, IND     - 

89 Melanoides tuberculata     ZMB193945       7540              Sumatra, IND                       - 

90 Melanoides tuberculata     ZMB127612       8185, 8186         Sumatra, IND                       - 

91 Melanoides tuberculata      ZMB114354      8118              Vientiane, LAO                   -                 

92 Melanoides tuberculata      ZMB114441       7908              Vientiane, LAO                   -                 

93  Melanoides tuberculata     ZMB114966      7910, 8120        Champasak, LAO                -                  

94  Melanoides tuberculata     ZMB114970       7911             Suvannakhet, LAO              -  

95  Melanoides tuberculata     ZMB114974       8122              Sekong, LAO                      -        

96  Paludomus siamensis        ZMB107723       7194              THA                                    -               

97  Paludomus siamensis       ZMB107726     7196              THA                                    -         

Note. See text for abbreviations; THA = Thailand, IND = India, EGY = Egypt, MAD = Madagascar,  

LMW = Malawi Lake, QNL = Queensland , MLS = Malaysia,  VIE = Vietnam, SGP = Singapore, IND 

= Indonesia, LAO = Laos,  MCT = Shell Morphology Character, Thailand. See more in Appendix D.                 
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2.5.2 DNA Amplification 

The polymerase chain reaction (PCR) was used for amplification of mitochondrial 

gene fragments, 680 base pairs of 16S ribosomal DNA and 700 base pairs of 

Cytochrome C Oxidase subunit I (COI) gene of mitochondrial DNA. The PCR 

amplification was performed in a total volume of 25 μl containing;  1 μl of DNA 

extract, 1 μl of each forward and reverse primers, 17.8 μl of ddH2O, 2.5 μl of 1X Taq 

buffer, 1.0 μl of 1.5 mM MgCl2, 0.5 μl of 200 mM of dNTPs, and 0.2 μl of 1-2.5 U 

Taq polymerase. The PCR Thermo cycler was programmed as following: 

            Initial denaturation                   94 °C               3 min 

            Denaturation                            94 °C             0.5 min 

            Annealing                                50 °C                1 min 

            Extension                                72 °C                1 min 

            Final Extension                        72 °C                5 min 

For PCR and sequencing primers were the same used (Table 5). The PCR products 

were purified using the QIAquick PCR Kit according to the specified protocol. 

Table 5.  Primer sequences and PCR annealing temperature. Y = C or T, W = A or T, 

K = G or T and R = A or G. (Bowden, 1985) 

 
Primer     Sequence (5 -3 )                              Annealing temp.        Source 

16S F         CTTYCGCACTGATGATAGCTAG              48 ° C    Von Rintelen, 2010 

16S R         CCGGTYTGAACTCAGATCATGT    

Lco1490     GGTCAACAAATCATAAAGATATTGG    40°C                Folmer, 1994 

Hcovar       TAWACTTCTGGGTGKCCAAARAAT    

  

2.5.3 Sequencing Both DNA Strands (Forward and Reverse Strand) 

The modified primers specific to thiaridae snails (Rintelen et al., 2010) (Table 5) and 

by using ABI Prism BigDyeTM for controlled termination and base mark. The 

cleaning and application of the sample, and the actual sequencing were taken over by 

an outside firm. The resulting electropherograme both strands were checked manually 

35 cycles 
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for errors corrected, and then brought together in a sequence. For this process, Codon 

Code Aligner v. 2.0.6 (CodonCode Corporation, Dedham, MA, USA) was used. 

 
2.5.4 The Alignment and Phylogenetic Analyses 

Forward and reverse strands were assembled with CodonCode Aligner v. 2.0.6 

(CodonCode Corporation, Dedham, MA, USA). The alignment creates aligned with 

ClustalW sequences have been 2.0.3. for Windows (Thompson et al., 1997) according 

to the predefined settings. The resulting alignment was corrected manually. 

Phylogenetic analyses were applied two different methods for creating a molecular 

phylogeny. The reconstruction of the trees was one of the distance values; Neighbor 

joining (NJ) (Saitou & Nei, 1987) and Maximum Parsimony (MP) (Fitch, 1971) to the 

other over, MP methods as implemented in PAUP*. The NJ analysis was performed 

using the random initial seed option to break ties and the robustness of the results was 

estimated by bootstrap resampling (1,000 repetitions) (Felsenstein, 1985). When, MP 

analysis was applied to the heuristic search algorithm with 10 random additions of 

taxa and the so-called, tree bisection-reconstruction (TBR) branch swapping. Herein 

the Alignment gaps were counted as a fifth base. All other settings were left at the 

default. Then again the support was determined by the calculated phylogeny, 

bootstrap resampling (1,000 repetitions) with a random addition per replicate. The 

general time reversible model GTR G:4 (GTR, Rodriguez et al., 1990) with the 

sequence evolution of a gamma distributed among-site variation was applied and the 

gamma shape parameter as dictated by model test. As outside groups that was 

Paludomus siamensis for a representative of the Paludomidae, the closely related 

family of Thiaridae according to current state of knowledge used. The MEGA 5.1 

program (Tamura  et al., 2011) was also used in this study to confirm the topology of 

the tree. Both of Neighbor Joining (NJ) and Maximum Likelihood (ML) were used to 

generate the tree based on ClustalW algorithm. All of  the parameters in MEGA5.1 

was fixed automatically. 
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CHAPTER IV 

 
RESULTS 

Melanoides snail samples were categorized by shell characteristic, they were 

classified and grouped for 11 morphs (MCT1, MCT2, MCT3, MCT4, MCT5, MCT6, 

MCT7, MCT8, MCT9, MCT10, MCT11) The results of these studies described here.  

 

Part I:  Morphs studied and morphology characterization 

Melanoides spp. exhibited considerable polymorphism in adult shells ornamentation 

that they were group by the author based on shell characters for 35 populations into 2 

species, Melanoides tuberculata and Melanoides jugicostis, it seem to be the same of 

Brandt’s report (1974). Ten morphs for Melanoides tuberculata: MCT1, MCT2, 

MCT3, MCT4, MCT5, MCT6, MCT7, MCT8, MCT9, MCT10 and one morph for 

Melanoides jugicostis, MCT11. The shell different characters were described. 

 
1. Shell morphology: Melanoides characteristic of Thailand, morph 1 (MCT1) 

(Figure 18, 21, 22)  

Shell (Figure 18a, Table 6): Shell is moderately thick, elongate, covered with 

brownish to black. The apex and postnuclear whorl are often decollated. They  have 

5-7 whorls remaining but depend on size of the shell in each snail, with 9-10 spiral 

lines on each whorl. The sculpture consists of many narrow spiral ridges, which are 

often crossed by obtuse ribs. Height of shells are between 18.58 and 26.70 mm. 

Operculum (Figure 21a): Paucispiral. 

Size of adult shells (Table 6): (averages completed shells from 12 snail samples) 

  Height of shell     22.52±2.22 mm. 

  Width of shell    8.20±0.56    mm. 

Height of aperture   7.96±0.75  mm. 
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             Width of aperture                           5.87±0.36      mm. 

  Height of body whorl  12.40±0.92    mm.  

  Height of last three whorls  16.85±1.25    mm. 

Distribution: This morphology of shell was found in the South of Thailand. 

Habitats: The snails were found in stream or pond, with living both in standing water 

and running water. They crawled on wet sand or mud but sometime they attached to 

stones.   

Collecting sites: Klong Ra Canal, South of Thailand. 

Material examined:  

Klong Ra Canal, Lang Suan District, Chumphon Province (09 59’04.3” N 

99 00’59.8” E) (SUT 0210029). 

 
2. Shell morphology: Melanoides characteristic of Thailand, morph 2 (MCT2)  

(Figure 18, 21, 22)  

Shell (Figure 18b, Table 6): Shell is elongate, acute conic, covered with light brown 

or olive green. There are 8-11 whorls with 5-15 spiral ribs and weak axial ribs around 

8-16 ribs in each whorl. The shells have well rounded of body whorl. A few brownish 

spots on the shell. Height of shells are between 8.23 and 33.06 mm.  

Operculum (Figure 21a): Paucispiral. 

Size of adult shells (Table 6): (averages completed shells from 24 snail samples) 

  Height of shell     19.65±6.71 mm. 

  Width of shell    6.44±2.31 mm. 

Height of aperture   6.25±2.29    mm. 

Width of aperture   4.81±1.66    mm.  

Height of body whorl   9.54±3.31    mm.  

Height of last three whorls  13.35±4.62    mm. 

Distribution: Normally, M. tuberculata was found in every region of Thailand. In 

this study, this morph was collected from two sampling areas in the North and one 

sampling area in the West of Thailand. 
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Habitats: The snails were found in stream and waterfall, with living both in standing 

water and running water. The water was clear and the level was not deep. Snails 

attached to stones and decay leaves.  

Collecting sites: Tharn Sa Wan Waterfall, Mae Sa Waterfall and Huai Khayeng 

Stream. 

Material examined: 

Tharn Sa Wan Waterfall, Chiengmuan District, Phayao Province (18 51’22.7” N 

100 11’9.6” E) (SUT 0210003); Mae Sa Waterfall, Mae Rim District, Chiang Mai 

Province (18 54’17.6” N 98 54’12.9” E) (SUT 0210007); Huai Khayeng Stream, 

Thong Pha Phum District, Kanchanaburi Province (14 42’0.2” N 98 35’3.6” E) (SUT 

0209017). 

 
3. Shell morphology : Melanoides characteristic of Thailand, morph 3 (MCT3)  

(Figure 18, 21, 22)  

Shell (Figure 18c, Table 6): Shell is elongate, blunted cone with eroded apex. They 

covered with brownish to black colour. There are 4-8 whorls with many narrow spiral 

lines on each whorl, without axial ribs. The shell whorls have well round with 

expressed small brownish flames than spots on shells. Height of shells are between 

8.24 and 17.87 mm.  

Operculum (Figure 21a): Paucispiral. 

Size of adult shells (Table 6): (averages completed shells from 48 snail samples) 

  Height of shell     11.48±2.16 mm. 

  Width of shell    4.44±0.88 mm. 

Height of aperture   4.38±0.93    mm. 

Width of aperture   3.47±0.57    mm.  

Height of body whorl   6.88±1.39    mm.  

Height of last three whorls  9.26±1.91    mm. 

Distribution: The morph 3 snails were found in the North, the Northeast and the 

South of Thailand. 
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Habitats: The snails were found in waterfall, stream and pond, with living both in 

standing water and running water. They embedded in mud or fine sand, some snails 

attached to stones.  

Collecting sites: Ban Ga Set Som Boon, Plew Waterfall, Kathu Waterfall. 

Material examined:  

Ban Ga Set Som Boon, Ni Kom Kum Soi District, Mukdaharn Province (16 20’08.4” 

N 104 33’34.9” E) (SUT 0210009); Plew Waterfall, Plew District, Chanthaburi 

Province (12 31’14.3” N 102 10’35.4” E) (SUT 0209013); Kathu Waterfall, Kathu 

District, Phuket Province (7 55’49.4” N 98 19’34” E) (SUT 0210023).   

 
4. Shell morphology : Melanoides characteristic of Thailand, morph 4 (MCT4)  

(Figure 18, 21, 22)  

Shell (Figure 18d, Table 6): Shell is elongate with eroded apex. They covered with 

yellow to brownish of shell. There are 6-12 whorls with many narrow spiral lines on 

each whorl, without axial ribs. Rounding of whorls flatted with expressed brownish 

flames more than spots on shells. They have a medium size of columellar band. 

Height of shells are between 8.23 and 27.65 mm.  

Operculum (Figure 21a): Paucispiral. 

Size of adult shells (Table 6): (averages completed shells from 51 snail samples) 

  Height of shell     17.94±4.76 mm. 

  Width of shell    6.16±1.49 mm. 

Height of aperture   6.11±1.47    mm. 

Width of aperture   4.72±1.10    mm.  

Height of body whorl   9.38±2.18    mm.  

Height of last three whorls  13.09±3.24    mm. 

Distribution: The morph 4 snails were found in the North, the Northeast and the 

South of Thailand. 

Habitats: The snails were found in waterfall, stream and dam, with living both in 

standing water and running water. They embedded in mud or fine sand, some snails 

attached to stones and dead branches.  
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Collecting sites: Mang River, Kang Song, Huai Lum Pau Dang, 19+500 km of 

Drainage from Cha Um. 

Material examined: 
Mang River, Bou Glur District, Nan Province (19 08’48” N 101 09’21.4” E) (SUT 

0210004); Kang Song, Wang Thong District, Pitsanulok Province (16 51’54.8” N 

100 38’05.7” E) (SUT 0210005); Huai Lum Pau Dang, Thep Sathit District, 

Chaiyaphum Province (15 33’43.6” N 101 24’57” E) (SUT 0210008); 19+500 km of 

Drainage from Cha Um, Cha Um District, Phetburi Province (12 51’15.1” N 

99 59’48.5” E) (SUT 0210035). 

 
5. Shell morphology : Melanoides characteristic of Thailand, morph 5 (MCT5)  

(Figure 19, 21, 22)  

Shell (Figure 19e, Table 6): Shell is elongate with eroded apex. They covered with 

yellow or olive green of shell. There are 4-10 whorls with many medium spiral lines 

on each whorl, 10-16 medium axial ribs. The shells have slightly rounding of whorls 

with expressed brownish spots more than flames on the shell. Height of shells are 

between 8.41 and 22.37 mm.  

Operculum (Figure 21a): Paucispiral. 

Size of adult shells (Table 6): (averages completed shells from 86 snail samples) 

  Height of shell     13.34±2.54 mm. 

  Width of shell    4.81±1.01 mm. 

Height of aperture   4.81±1.09    mm. 

Width of aperture   3.78±0.78    mm.  

Height of body whorl   7.54±1.64    mm.  

Height of last three whorls  10.13±2.00    mm. 

Distribution: the morph 5 snails were found in the Central, East, West and South of 

Thailand. 

Habitats: The snails were found in waterfall, stream and dam, with living both in 

standing water and running water. They crawled on fine or rough sand, some snails 

attached themselves to aquatic plants or decay leaves.  
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Collecting sites: Khao Kheow Open Zoo Reservoir, Sai Yok Noi Waterfall, Ban Mai 

Pai Jay Dee, Chainat Bird Park, Sai Yok Yai Waterfall, Wipawadee Waterfall, Sai Ku 

Waterfall.  

Material examined:  

Khao Kheow Open Zoo Reservoir, Sri Racha District, Chonburi Province (13 12’45” 

N 101 03’50.2” E) (SUT 0209014); Sai Yok Noi Waterfall, Sai Yok District, 

Kanchanaburi Province (14 14’27.6” N 99 03’55.9” E) (SUT 0209016); Ban Mai Pai 

Jay Dee, Kamphang Saen District, Nakhonpathom Province (14 02’10.5” N 

100 03’27.3” E) (SUT 0210018); Chainat Bird Park, Meung District, Chainat 

Province (15 12’26.5” N 100 09’21.9” E) (SUT 0210019); Sai Yok Yai Waterfall, 

Sai Yok District, Kanchanaburi Province (14 26’03.0” N 98 51’14.7” E) (SUT 

0210020); Wipawadee Waterfall, Donsak District, Suratthani Province (09 08’9.6” N 

99 40’31.2” E) (SUT 0210022); Sai Ku Waterfall, Bang Sa Pan District, 

Prachuabkirikhan Province (11 14’21.8” N 99 21’36.1” E) (SUT 0210030). 

 
6. Shell morphology : Melanoides characteristic of Thailand, morph 6 (MCT6)  

(Figure 19, 21, 22)  

Shell (Figure 19f, Table 6): Shell is elongate to moderately turriculate, acute conic. 

The colour is mostly brown to black. There are 5-10 whorls with many medium spiral 

lines on each whorl, without axial ribs. The shells have slightly rounding of whorls. 

Height of shells are between 11.91 and 29.84 mm.  

Operculum (Figure 21a): Paucispiral. 

Size of adult shells (Table 6): (averages completed shells from 56 snail samples) 

  Height of shell     17.43±4.10 mm. 

  Width of shell    6.27±1.51 mm. 

Height of aperture   6.21±1.47   mm. 

Width of aperture   4.82±1.13    mm.  

Height of body whorl   9.57±2.23    mm.  

Height of last three whorls  13.07±3.03    mm. 

Distribution: The morph 6 snails were found in the North and the South of Thailand. 
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Habitat: The snails were found in waterfall, stream and medium river, with living 

both in standing water and running water. They crawled on fine or rough sand or 

decay leaves, some snails attached to aquatic plants or stones.  

Collecting site: Mae Mai Waterfall, 42 km of Wang Thong, Ton Sai Waterfall. 

Material examined: 

Mae Mai Waterfall, Mae Ta District, Lampang Province (18 07’1.8” N 99 37’35.1” 

E) (SUT 0210002); 42 km of Wang Thong, Wang Thong District, Pitsanulok 

Province (16 51’06.4” N 100 36’44.2” E) (SUT 0210006); Ton Sai Waterfall, Talang 

District, Phuket Province (08 01’32.4” N 98 21’58.8” E) (ZMB 107857). 

 
7. Shell morphology : Melanoides characteristic of Thailand, morph 7 (MCT7)  

(Figure 19, 21, 22)  

Shell (Figure 19g, Table 6): Shell is broadly to elongately, blunted conic, covered 

with yellow to brown or greenish. Apex always erode with 4-6 whorls. The shells 

have spiral lines not more than 15 lines in each whorl, without axial ribs. A brownish 

wide flames of ornaments were presented on body whorl with a medium spots below 

sutures in each whorl. Height of shells are between 11.54 and 29.52 mm.  

Operculum (Figure 21a): Paucispiral. 

Size of adult shells (Table 6): (averages completed shells from 59 snail samples) 

  Height of shell     16.97±3.35 mm. 

  Width of shell    11.09±6.74 mm. 

Height of aperture   11.32±6.93 mm. 

Width of aperture   8.52±5.15    mm.  

Height of body whorl   10.48±1.92    mm.  

Height of last three whorls  13.95±2.52    mm. 

Distribution: The morph 7 snails were found from the South and the Northeast of 

Thailand.  

Habitats: The snails were found in stream and waterfall, with living both in standing 

water and running water. They crawled on fine or rough sand or decay leaves, some 

snails attached to aquatic plants or stones.  

Collecting sites: Lam Ta Klong, Yod Leung Stream, Kha Aon Waterfall. 
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Material examined: 

Lam Ta Klong, Pak Chong District, Nakhonratchasima Province (14 25’19.6” N 

101 23’26.4” E) (SUT 0210010); Yod Leung Stream, Nopphitam District, Nakhon Si 

Thammarat Province (08 38’10.5” N 99 45’11.6” E) (SUT 0210027); Kha Aon 

Waterfall, Bang Sa Pan District, Prachuabkirikhan Province (11 26’04.6” N 

99 26’56.9” E) (SUT 0210033). 

 
8. Shell morphology : Melanoides characteristic of Thailand, morph 8 (MCT8)  

(Figure 20, 21, 22)  

Shell (Figure 20h, Table 6): Shell is slender shape, acute conic, covered with yellow 

to brown or green to black of shells. There are 7-12 whorls, shallow suture, slightly 

sharpness 3-4 spiral lines on body whorl, 8-10 weak axial in each whorl but except in 

body whorl. They did not have brownish spots or flames on the shell. Height of shells 

are between 16.56 and 30.95 mm.  

Operculum (Figure 21a): Paucispiral. 

Size of adult shells (Table 6): (averages completed shells from 67 snail samples) 

  Height of shell     20.30±2.64 mm. 

  Width of shell    6.40±0.82 mm. 

Height of aperture   6.61±0.76 mm. 

Width of aperture   4.97±0.62    mm.  

Height of body whorl   10.31±1.24   mm.  

Height of last three whorls  13.87±1.69    mm. 

Distribution: The morph 8 snails were found only in the South of Thailand. 

Habitats: The snails were found in stream and waterfall, with living both in standing 

water and running water. They attached to aquatic plants or stones, some snails 

embedded in mud or fine or rough sand.  

Collecting sites: Klong Sai, Klong Muang, Wipawadee Waterfall. 

Material examined: 

Klong Sai, Meung District, Krabi Province (08 10’482” N 98 47’433” E) (SUT 

0210026); Klong Muang, Khuan Niang District, Songkhla Province (08 05’772” N 
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98 48’535” E) (ZMB 107867); Wipawadee Waterfall, Donsak District, Surat Thani 

Province (09 08’9.6” N 99 40’31.2” E) (SUT 0210028). 

 
9. Shell morphology : Melanoides characteristic of Thailand, morph 9 (MCT9)  

(Figure 20, 21, 22)  

Shell (Figure 20k, Table 6): Shell is elongate, acute conic, transparent background. 

The shell covered with yellow to brown.  There are 7-11 whorls with many medium 

spiral lines on each whorl, without axial ribs. The shells have slightly rounding of 

whorls with expressed many brownish spots on every whorls. They have a wide dark 

columelar band on axial edge of aperture. Height of shells are between 12.53 and 

16.16 mm.  

Operculum (Figure 21a): Paucispiral. 

Size of adult shells (Table 6): (averages completed shells from 32 snail samples) 

  Height of shell     14.74±0.81 mm. 

  Width of shell    4.76±0.26 mm. 

Height of aperture   4.58±0.31 mm. 

Width of aperture   3.68±0.28    mm.  

Height of body whorl   7.27±0.39   mm.  

Height of last three whorls  10.47±0.53    mm. 

Distribution: The morph 9 snails were found only in the East of Thailand. 

Habitats: The snails were found in fresh water or brackish water in stream and pond. 

They lived both in standing water and running water, attached to aquatic plants or 

embedded in mud or fine or rough sand.  

Collecting sites: Sra Keaw Pond, Klong Hin Kow Canal. 

Material examined: 

Sra Keaw Pond, Meung District, Sra Keaw Province (13 49’7.0” N 102 03’37.9” E) 

(SUT 0209013); Klong Hin Kow Canal, Mueng District, Rayong Province 

(12 36’31.7” N 101 23’22.4” E) (SUT 0209015). 

 
10. Shell morphology : Melanoides characteristic of Thailand, morph 10 (MCT10)  

(Figure 20, 21, 22)  
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Shell (Figure 20l, Table 6): Shell is slender elongate. The colour is mostly yellowish 

to olive green. There are 7-10 whorls, with 2-3 medium spiral lines on body whorl, 

without axial ribs. They have a sharpness dark columelar band on axial edge of 

aperture with expressed a few brownish spots on shell. Height of shells are between 

14.92 and 22.00 mm.  

Operculum (Figure 21a): Paucispiral. 

Size of adult shells (Table 6): (averages completed shells from 43 snail samples) 

  Height of shell     17.52±1.82 mm. 

  Width of shell    5.82±0.63 mm. 

Height of aperture   5.85±0.72 mm. 

Width of aperture   4.40±0.49    mm.  

Height of body whorl   8.98±1.05   mm.  

Height of last three whorls  12.36±1.39    mm. 

Distribution: The morph 10 snails were found in the South of Thailand. 

Habitats: The snails were found in medium stream, with living both in standing water 

and running water. They crawled on fine or rough sand or decay leaves, some snails 

attached to aquatic plants or stones.  

Collecting sites: Klong Tub Sa Kae 

Material examined:  

Klong Tub Sa Kae, Tub Sa Kae District, Prachuabkirikhan Province (11 29’40.1” N 

99 36’20.3” E) (SUT 0210032).  

 

11. Shell morphology : Melanoides characteristic of Thailand, morph 11 (MCT11)  

(Figure 20, 21, 22)  

Shell (Figure 20m, Table 6): Shell is slender elongate to moderately turriculate, with 

deep sutures between the whorls, 8-12 strong axial ribs in each whorl. The colour is 

mostly light brown to reddish brown. A spiral sculpture with 3-5 distinct spiral ridges 

is most pronounced on the bases of the last whorl. There are 4-8 whorls, but the shells 

are often decollated. Height of shells are between 8.73 and 20.79 mm.  

Operculum (Figure 21b): Paucispiral. 

Size of adult shells (Table 6): (averages completed shells from 114 snail samples) 
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  Height of shell     12.54±2.83 mm. 

  Width of shell    5.00±0.66 mm. 

Height of aperture   4.74±0.63 mm. 

Width of aperture   3.13±1.22 mm.  

Height of body whorl   4.53±1.30    mm.  

Height of last three whorls  7.61±3.25   mm. 

Distribution: The morph 7 snails were found in the South of Thailand. 

Habitats: The snails were found in stream and waterfall with standing water. They 

crawled on fine or rough sand or decay leaves, some snails attached to aquatic plants 

or stones.  

Collecting sites: Erawan waterfall, Klong Bang Bon, Klong Yan, Ramon waterfall, 

Klong Pa Liean, Klong Cha Lung 

Material examined: 

Erawan waterfall, Sri Sa Wad District, Kanchanaburi Province (14 22’23.9” N 

99 08’51.8” E) (SUT 0210021, morph A & morph B); Klong Bang Bon, Kraburi 

District, Ranong Province (10 20’10.8˝N 98 46’48.7 E) (SUT 0210036); Klong Yan, 

Wipawadee District, Suratthani Province (09 12’12.8” N 98 57’20.3” E) (SUT 

0210037); Ramon waterfall, Ta Gua Thong District, Phang Nga Province (08 27’8.5” 

N 98 28’0.9” E) (SUT 0210025); Klong Pa Liean, Yan Ta Kow District, Trung 

Province (SUT 0210038); Klong Cha Lung, Muang District, Satun Province 

(06°43.618 N 100°03.756 E) (SUT 0213042).  
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          Figure 18. Shell morphology of Melanoides tuberculata in Thailand.  

          (a) MCT1; (b) MCT2; (c) MCT3; (d) MCT4. Scale bar = 1.0 cm. 
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           Figure 19. Shell morphology of Melanoides tuberculata in Thailand. 

           (e) MCT5; (f) MCT6; (g) MCT7. Scale bar = 1.0 cm. 
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              Figure 20. Shell morphology of genus Melanoides in Thailand.  

              (h, k-l): Melanoides tuberculata, (h) MCT8; (k) MCT9; (l) MCT10;  

              (m) Melanoides jugicostis, MCT11. Scale bar = 1.0 cm. 
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            Figure 21. Operculum is paucispiral of genus Melanoides in Thailand.  

           (a) Melanoides tuberculata; (b) Melanoides jugicostis. Scale bar = 0.5 mm.  

 

 

           Figure 22. Different shells morphology of Melanoides tuberculata (a-l)  

           and Melanoides jugicostis (m) from 35 sampling localities in Thailand.  
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Table 6. Characters of Melanoides tuberculata (MCT1 – MCT10) and Melanoides jugicostis (MCT11) populations from 35 sampling 

localities in Thailand.  

Morph/ 

character 

MCT1 MCT2 MCT3 MCT4 MCT5 MCT6 MCT7 MCT8 MCT9 MCT10 MCT11 

nw 5-7 8-11 4-8 6-12 4-10 5-10 4-6 7-12 7-11 7-10 4-8 

height 22.52 2.22 19.65 6.71 11.48 2.16 17.94 4.76 13.34 2.54 17.43 4.10 16.97±3.35 20.30 2.64 14.74 0.81 17.52 1.82 12.54 2.83 

width 8.20 0.56 6.44 2.31 4.44 0.88 6.16 1.49 4.81 1.01 6.27 1.51 11.09±6.74 6.40 0.82 4.76 0.26 5.82 0.63 5.00 0.66 

hbw  12.40 0.92 9.54 3.31 6.88 1.39 9.38 2.18 7.54 1.64 9.57 2.23 10.48±1.92   10.31 1.24 7.27 0.39 8.98 1.05 4.53 1.30 

h3b 16.85 1.25 13.35 4.62 9.26 1.91 13.09 3.24 10.13 2.00 13.07 3.03 13.95±2.52   13.87 1.69 10.47 0.53 12.36 1.39 7.61 3.25 

ha 7.96 0.75 6.25 2.29 4.38 0.93 6.11 1.47 4.81 1.09 6.21 1.47 11.32±6.93 6.61 0.76 4.58 0.31 5.85 0.72 4.74 0.63 

wa 5.87 0.36 4.81 1.66 3.47 0.57 4.72 1.10 3.78 0.78 4.82 1.13 8.52±5.15    4.97 0.62 3.68 0.28 4.40 0.49 3.13 1.22 

rw 0 1 1 0 1 0 0 0 1 0 1 

ss 0 0 0 0 0 0 0 0 0 0 0 

sw 1 1 1 1 1 0 1 0 1 0 0 

ns 9-10 5-15 10 >10 >10 10 ≤ 15 <10 <10 <10 3-5 

nr 0 8-16 0 0 10-16 0 0 8-16 <10 0 8-12 

nn 

ncc 

0 

3-1-3 

0 

3-4:1:3-4 

0 

3-4:1:3-4 

0 

2-3:1:3-4 

0 

3-4:1:3-4 

0 

2-3:1:3 

0 

3-4:1:3-4 

0 

2-4:1:3-4 

0 

2-3:1:2-3 

0 

3:1:3 

0 

2-3:1:2-3 

size index  36.41 32.77 38.68 34.34 36.06 35.97 39.51 31.53 32.29 33.22 39.84 

total 12 24 48 51 86 56 59 67 32 43 126 

 Size index is nearly 100, meaning the snail is slender elongate shape up to rounded to globose shell shape.  

Note: 0 = absent, 1 = present. See text for abbreviations. 
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Morphometric analysis 

The most relevant shell parameters were compiled in Table 6, comprising a total 604 

specimens for all these parameters measured 11 morphs. The data show the standard 

deviation to be high in snails Melanoides tuberculata (MCT2, mean=19.65, SD=6.71). 

All of adult shells are prone to corrosion causing decollation, except in M. jugicostis 

(MCT12, mean=12.54, SD=2.83, n=126) is slender elongated shape. The snails were 

measured shell height alone that found two morphs of M. tuberculata (MCT1, 

mean=22.52, SD=2.22, n=12; MCT2, mean=19.56, SD=6.71, n=24) have the largest 

size difference than the other snail morphs (Figure 23a). Whiles, Melanoides 

tuberculata (MCT3) was the smallest size (mean=11.48, SD=2.16, n=48). 

Alternatively the snails were measured the height of the last three whorls as a better 

indicator to compare size of shell. The results obtained for the comparison of the 

entire shell height (h) with the height of the last three whorls (h3w) are not similarity. 

Group of M. jugicostis (MCT11, mean =7.61, SD=3.25, n=126) is being the smallest 

size and M. tuberculata (MCT1, mean=16.85, SD=1.25, n=12) is the tallest of among 

the Melanoides group in this study (Figure 23b).   

 

 

 

 

 

 

 

 

 

 

Figure 23. Box plots with mean and standard deviation of 11 morphs of the genus 

Melanoides in Thailand. Marked in gray is the largest size of Melanoides  tuberculata, MCT1: 

Klong Ra Canal (SUT 0210029); MCT2: Tharn Sa Wan Waterfall (SUT 0210003), Mae Sa 

Waterfall (SUT 0210007), Huai Khayeng Stream (SUT 0209017); and black is the smallest 

size of Melanoides jugicostis, MCT11, see more details in text. (a) Height (H); (b) Height of 

last three whorl (h3w), in mm.  
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The general quantitative indicator for the overall shape of the gastropod snails the 

ratio of shell height (h) and shell width (w) can be used. This also allowed gaining a 

measurement independent of the direct effect of shell height alone. This study was 

found only Melanoides jugicostis (MCT11) is a wide range of minimum and maximum 

of height per width (H/W) with less elongated to oval shell shape (side index=39.84, 

Table 6). The reflect dominant difference overall shell of the other Melanoides 

tuberculata is more elongated and turreted shape, such as the snail samples from the 

South, East and West of Thailand in morphs MCT8, MCT9, MCT10, respectively 

(Figure 24).  

 

 

 

 

 

 

 

 

 

 

 

 

 
 
     Figure 24. Box plots with eleven morphs of the genus Melanoides in Thailand  

     for the height/width (H/W) index of the adult shells.  

 
Thus, this study used traditional morphometrics in order to compare different 

populations of those same species, and geometric morphometrics (GM) to 

discriminate one species from the other. Interestingly the results from GM analysis 

were observed between samples of the same species with a principle component 

analysis (PCA) was carried out employing Paleontological Statistics (PAST) version 

2.10 (Hammer et al., 2001). This method was a simple quantitative manner of 
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addressing shape comparisons and allows visualizing differences among complex 

shapes on an easiest way. Data of the standardized matrix were presented as 

scatterplots. The result shows all of Melanoides have been highly variable conchology 

of shells in Thailand comparison with the other regions, consists of Lake Malawi, 

Madagascar Island, Southeast Asia (Lao, Vietnam) and syntypes of M. tuberculata 

from India and M. jugicostis Hanley & Theobald, 1876 from Burma or Cambodia. 

The PCA 508 plots show quite nicely clustered point groups for M. jugicostis distinct 

from all of M. tuberculata. Although there are some intersections between Thailand 

and the other regions, most of the specimens clearly can be sorted to either one or the 

other group point cluster that shows variation of shell morphology from elongated to 

rounded shell shape of M. tuberculata; for example, those populations from Lake 

Malawi, Vietnam and Lao found its narrow range of point clusters less than Thailand 

and Madagascar Island, with elongated to oval and conical shell shape. Whiles two 

snail samplings of Madagascar Island (Managnatrana, Tributary zomandao, River 

Basin, ZMB 127039; and Benenitra, Tributary  Onilahy, River Basin, ZMB 127034) 

exhibited quite their shells have a more elongated to oval or rounded shell shape that 

those found isolated from other Melanoides (Figure 25). In addition, Melanoides 

jugicostis from Ramon waterfall (SUT 0210025) has a point cluster close the type 

locality from Burma that they were presumabled lost (see also below Part II, Figure 

27-28). They were isolated group very clear from the other snail (Figure 26). The 

results were revealed M. jugicostis representative shell shape from Ramon waterfall 

can be distinguished by its shape characteristics from other snail Melanoides spp., 

such as a medium size, a deep suture and a strong axial rib in each whorl. It was 

related result between shell morphology and geometric morphometrics. Though, the 

analysis of only one original drawing picture for M. jugicostis was not enough to 

deduce a general pattern. Thus, eleven morphs of Melanoides had different 

characteristics of shell such as smooth/elongate shell to rough shell with strong axial 

ribs. It might be relativizing correlation with the preferred habitat and substrate was 

deducible from the ecological observations given them to difference shell morphology 

and genetic variation.  
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Figure 25. Principle component analysis plots (PCA) for two species of Melanoides 

tuberculata and M. jugicostis between Thailand and other regions from Madagascar 

Island, Lake Malawi, Southeast Asia (Lao, Vietnam) comparison with seven syntypes 

(ZMUC 1602), India; used out group in Thiarid snails Pseudoplotia scabra (ZMB 

200312). MDI: Madagascar Island. 

Figure 26. Principle component analysis plots (PCA) between Melanoides 

tuberculata groups and M. jugicostis from Ramon waterfall, Phangnga Province (SUT 

0210025).  
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Part II: Systematic results of Melanoides jugicostis in Thailand 

The taxonomic history and geographical origin of “Melania” jugicostis  

This species was named by Sylvanus Charles Thorp Hanley and William Theobald 

(1876) in their illustrated “Conchologia Indica”, which was the first of its kind on 

Indian freshwater snails, albeit with shortcomings (see Naggs 1997: footnote 25). The 

naturalist and malacologist William Theobald (1829-1908) was staff of the Geological 

Survey of India. He went to Burma, at the time part of British India, in 1855 and took 

over the Pegu survey, exploring the country in 1867 and again in 1871-73. He 

returned to Bengal on completion of the survey in 1873 to be appointed deputy 

superintendent in 1876 (Mabberley, 1985; Leviton & Aldrich, 2004: 118-119, 121).  

Judging from the very cryptic taxon entry provided by Hanley and Theobald 

(1876: 45), their species name was apparently based on a manuscript name originally 

suggested by William Henry Benson (1803-1870). The later potentially provided it as 

specimen label, or in the documentation that was later lost; see details in Naggs 

(1997: 56). Benson’s collection of Indian molluscs was bequeathed to Sylvanus 

Hanley, who according to Naggs (1997: 55-56), unfortunately had the habit of 

removing the locality labels of many specimens. While Benson “was most particular 

with localities, Hanley did not believe in geographical distribution” (Godwin-Austen, 

cited in Naggs 1997: 56), thus decreasing the value of the collection by obscuring the 

geographical origin of many of its species.  

Therefore, in case of “Melania” jugicostis, they were left with the vague entry 

of “Tenasserim  River” in Burma being the type locality. In addition to this only very 

few records are known for this taxon until today. Apart from the fact that this species 

was only found and mentioned rarely in the literature, its identity was more than 

obscure. For example, Brandt (1974: 166, pl. 12, fig. 13) depicted a shell under this 

taxon name that definitely did not resemble the typical M. jugicostis but was more 

similar to the highly variable M. tuberculata. Robba et al. (2004: 32-33; pl. 3, fig. 5) 

also list this species under Melanoides, based on “a few juvenile specimens from the 

Mae Klong river mouth”. However, the only specimen depicted clearly resemble 

shells of Pseudoplotia (= Thiara or Plotia) scabra much more than those shells 

figured for M. tuberculata.  
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Thus, given this scarce knowledge and confusion, the question remained long 

unresolved as to the taxonomic status and systematic placement of this enigmatic 

thiarid. It was here assigned now as a second and distinct Asian species to 

Melanoides. 

 
Melanoides jugicostis (Hanley & Theobald, 1876)  
(Figure 27a-h)  

Melania jugicostis Hanley & Theobald, 1876, Conch. Ind.: p. 45, pl. 110, fig. 8-9. 

Melania - Brot, 1877, Conch. Cab., 1(24): 275, pl. 28 fig. 12 (Tenasserim  

                                 River, Burma). 

Melania jugicostis - Nevill, 1877, J. Asiat. Soc. Bengal, 46: 33 (Myadoung, Burma). 

                                Tiara (Melanoides) jugicostis - Preston, 1915, Fauna Brit. India,  

                                Moll.: 28, fig. 1 (Tenasserim River, Myadoung). 

Melanoides jugicostis (Hanley & Theobald, 1876) - Brandt, 1974: 166, pl. 12, fig. 13. 

  
Type locality: Given by the original authors as “Tenasserim River” only. The Great 

Tenasserim River, which is called Tanintharyi in Burmese, is a major river of 

southeastern Burma (today Myanmar) with a length of about 300 kilometers, rising 

from the Tenassirim Range (at an altitude of 2.074 m) close to the border with 

Thailand in the Kanchanaburi Province, and running south and then west, flowing 

through the constricted coastal Tanintharyi region before entering the Andaman Sea 

in an extended river delta at todays major seaside town of Myeik, or Mergui (Figure 

28). Although Myeik at the lower Tenasserim River was the first town in Burma to 

became part of British India in 1826, and certainly was also the center of travel and 

other activities in the region during the time of Benson and Theobald, it remains 

unresolved to date whether M. jugicostis occurred in the lowland coastal areas of this 

river. Alternatively, judging from the ecology of most other thiarids (Glaubrecht, 

1996; Glaubrecht et al., 2009), it is more likely that it occurs in more elevated parts 

upstream of the river’s mouth. For example, the town of Tanintharyi itself, widely 

knew as Tenasserim during British occupation (with a population of c. 660 in 1877; 

Wikipedia, 2012) and the site of an ancient Siam city, is located on a hill slope at the 
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confluence of the Great Tenasserim River with its southern tributary, the Little 

Tenasserim River, about 100 kilometers upstream from Mergui. 

However, since any further information as to when, where exactly and by whom 

the type of M. jugicostis has been collected, this study is unable to restrict the type 

locality here any further.  

 
Type material: The types of M. jugicostis were presumably lost, as the author was 

unable to locate them in any of the relevant collections. Benson’s collection was 

bequested to Hanley after he died in 1870 (see above under Taxonomic history). 

Hanley’s shell collection is now in the Zoological Museum in Cembridge University 

where was received in 1873, incorporated with the Robert MacAndrew collection. 

Naggs (1997: 55-56) mentioned this snail was once a meticulously curated collection 

with detailed locality information now has few original labels. In addition, types were 

also found in the collections of other contemporary malacologists of Benson and 

Hanley, such as in particular William and Henry Blanford’s collection, now in the 

Natural History Museum in London (NHM). However, neither in Cambridge (Richard 

Preece, pers. comm. March 2011) nor in the NHM (Fred Naggs and Jonathan Ablett, 

pers. comm. March 2011) the types of “Melania” jugicostis could be found. Although 

most of the types from William Theobald’s collection are today in the NHM or in 

Cambridge, a few types are also known from the Cardiff Museum. However, no M. 

jugicostis could be found there (Jennifer Gallichan, pers. comm. March 2011). Also 

the Natural Science Museum in Leeds holds a fair amount of Hanley material, 

including three of Hanley’s “Melania” species (all from North America and none of 

them types) as well as Hanley’s Burmese shells of other taxa; however, again there is 

no M. jugicostis type material (Clare Brown, pers. comm. April 2011).  

 
Taxonomic remarks: No description by Hanley & Theobald (1876) accompanied the 

figure depicting their new taxon, which is, nevertheless, sufficient under the 

stipulations of the International Commission on Zoological Nomenclature (ICZN) to 

make the name valid and available. “Melania” jugicostis was later mentioned by Brot 

(1877: 275), although no additional material or information was available to him. For 

that reason he only copied the original shell figure of Hanley & Theobald (1876) 
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(Figure 27). Later, only Nevill (1877) mentioned this species, adding “Myadoung” in 

Burma as locality, which was then repeated by Preston (1915).  

Therefore, up to this stage M. jugicostis in Myanmar remains enigmatic and 

essentially only known from the type locality at the “Tenasserim River”. Due to the 

absence of any additional known facts and without actually finding this taxon there or 

elsewhere along the river, its occurrence in this country remains speculative to date, 

quite in contrast to Thailand as shown below. 

Figure 27. Shells of Melanoides jugicostis. (a) Drawing of “Melania” jugicostis 

Hanley & Theobald, 1876, known from the original description only; (b-h) shells of 

Melanoides jugicostis from different localities in Thailand: (b) Erawan Waterfall 

(SUT 0210021 morph A); (c) Erawan Waterfall (SUT 0210021 morph B); (d) Klong 

Bang Bon (SUT 0210036); (e) Klong Yan (SUT 0210037); (f) Ramon Waterfall (SUT 

0210025); (g) Klong Pa Liean (SUT 0210038); (h) Klong Cha Lung (SUT 0213042). 

Scale bar = 1.0 cm.          
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Figure 28. Occurences of Melanoides jugicostis in Thailand. Solid symbols represent 

wet material, open symbols represent dry material. Note that the letters a-h used in the 

map refer to the shells depicted in Figure 27. (a) asterisk mark the type locality, given 

as “Tenasserim River”; (b-c) Erawan Waterfall, Kanchanaburi Province (SUT 

0210021, morph A, morph B); (d) Klong Bang Bon, Ranong Province (SUT 

0210036); (e) Klong Yan, Suratthani Province (SUT 0210037); (f) Ramon Waterfall, 

Phang Nga Province (SUT 0210025); (g) Klong Pa Liean, Trang Province (SUT 

0210038); (h) Klong Cha Lung, Satun Province (SUT 0213042). 

Descriptions:   

1. Shell morphology (Figure 27): The shell is slender elongate to moderately 

turriculate, with deep sutures between the whorls, which have strong axial ribs (about 

8-12 each) that are either more rounded or sharply angulated. A spiral sculpture with 

3-5 distinct spiral ridges is most pronounced on the bases of the last whorl. The colour 
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is mostly light brown to reddish brown; the shell being rather thin and transparent. 

There are 4-8 whorls, but the shells are often decollated. The spire is about 2-3 times 

higher than the aperture length. The aperture is oval and moderately transparent.  

As is evident from the shell parameters assembled in Table 7, the population 

from the Erawan waterfall (Figure 28b-c) reveals two slightly distinct morphs (Figure 

27b-c). They differ particularly in overall shell length and thus slenderness, which is 

more pronounced in morph B than in morph A, also evident from the comparison of 

box plots of the h/w indices (Figure 29). More importantly, the axial ribs and thus the 

outer shape of the whorls in M. jugicostis from the most northern populations, i.e. 

again Erawan waterfall, is more rounded (in both morphs) that in shells from the other 

southern populations, as can be seen by comparison in Figure 27b-c versus 23e-h. 

There is also an albeit only very slight geographical trend in overall shell shape, 

expressed by the h/w index, resulting in larger and more slender shells in the north 

when compared to those from the south (Figure 29). While the more northern shells 

are close to the shell shape also found for the type material of Melanoides tuberculata 

when compare with the shells of another thiarid, Pseudoplotia scabra, even smaller 

than those in the smaller southern M. jugicostis populations (Figure 29).  

 
Table 7. Measurements for shell parameters of Melanoides jugicostis in comparison 

to the type material of M. tuberculata and Pseudoplotia scabra, with min./max. 

values, mean, standard deviation and number of whorls (N) given. Measurements in 

mm; SD = standard deviation. 
 

        Location 

  

Height 

 

Width 

 

Height 

aperture 

 

Width 

aperture 

 

Last body  

whorl 

 

N 

 

(a) India, Coromandel Coast 

(ZMUC 1602), n=7 

(types of “Melania” 

tuberculata) 

 

min./max. 

mean 

SD 

 

17.7/25.4 

20.7    

2.7         

 

5.6/9.2 

7.0         

1.2         

 

5.3/8 

6.3           

1.1           

 

2.7/4.9 

3.5 

0.7         

 

8.2/12.7 

10.2 

1.5         

 

7-10 

 

(b) India,Tamil Nadu   

(ZMB 200313), n=10            

 

min./max. 

mean 

SD 

 

8.9/15.3 

12.4 

    2.2       

 

2.2/6.0 

4.2 

1.1 

 

2.9/4.5 

3.7 

0.5 

 

2.3/5.0 

3.2 

0.8 

 

4.5/8.3 

6.0 

1.2 

 

4-5 
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Table 7 (continued).  
 

        Location 

  

Height 

 

Width 

 

Height 

aperture 

 

Width 

aperture 

 

Last body 

whorl 

 

N 

 

(c) India, Coromandel Coast 

(ZMUC 329), n=3    

(types of “Melania” scabra)       

 

min./max. 

mean 

SD 

 

17.0/19.3 

18.4    

1.2         

 

7.8/10.4 

9.0         

1.3         

 

7.9/10.7 

9.3           

1.4           

 

3.9/4.6 

4.3 

0.4         

 

11.3/12.9 

12.4 

0.9 

 

5-7 

 

(d) India, Tamil Nadu  

(ZMB 200312), n=12      

(Pseudoplotia scabra)                 

 

min./max. 

mean 

SD 

 

12.6/15.6 

13.7  

1.2         

 

5.8/7.4      

6.6   

0.4         

 

5.9/10.9      

7.1 

1.4          

 

4.3/7.8 

5.1 

0.9         

 

8.6/15.5 

10.3 

2.1         

 

4-6 

 

(e) Erawan waterfall morph A 

(SUT 0210021), n=19 

Melanoides jugicostis                  

 

min./max. 

mean 

SD 

 

12.0/17.8 

14.9 

1.5 

 

4.4/ 5.3 

5.0         

0.4 

 

3.9/5.3 

4.7 

0.4 

 

3.1/4.4 

3.7 

0.3 

 

3.5/8.5 

5.2 

1.8 

 

8-11 

 

(b) Erawan waterfall morph B 

(SUT 0210021), n=20 

Melanoides jugicostis                  

 

min./max. 

mean 

SD 

 

15.3/20.8 

17.9 

1.8 

 

4.5/6.7 

5.7 

0.5 

 

4.4/6.5 

5.4 

0.5 

 

3.5/5.3 

4.3 

0.4 

 

4.0/9.2 

5.7 

1.6 

 

8-12 

 

(f) Klong Bang Bon  

(SUT 0210036), n=20 

Melanoides jugicostis                  

 

min./max. 

mean 

SD 

 

10.4/14.8 

11.8 

1.1 

 

4.9/6.3 

5.4         

0.4 

 

4.4/6.4 

5.2           

0.5 

 

1.8/2.9 

2.4 

0.3 

 

4.0/5.5 

4.6 

0.4 

 

4-5 

 

(g) Klong Yan   

(SUT 0210037), n=19 

Melanoides jugicostis                  

 

min./max. 

mean 

SD 

 

9.0/11.0 

9.9 

0.6 

 

3.6/5.1 

4.1         

0.4 

 

3.9/4.7 

4.2           

0.2 

 

1.6/2.3 

2.0 

0.2 

 

3.0/3.7 

3.3 

0.2 

 

4-5 

 

(h) Ramon waterfall  

(SUT 0210025), n=30 

Melanoides jugicostis                  

 

min./max. 

mean 

SD 

 

9.4/13.4 

11.5 

0.8 

 

4.2/5.7 

5.0 

0.3 

 

4.0/5.6 

4.7 

0.3 

 

2.0/2.9 

2.4 

0.2 

 

3.3/5.0 

4.1 

0.3 

 

4-5 

 

(k) Klong Pa Liean  

(SUT 0210038), n=6 

Melanoides jugicostis                  

 

min./max. 

mean 

SD 

 

10.5/12.6 

11.4 

0.9 

 

4.6/5.8 

5.0 

0.4 

 

4.2/5.8 

5.0 

0.6 

 

3.2/4.9 

3.9 

0.6 

 

3.9/4.7 

4.2 

0.2 

 

4 

 

(l) Klong Cha Lung 

(SUT 0213042), n=12 

Melanoides jugicostis                  

 

min./max. 

mean 

SD 

 

8.7/18.6 

12.1 

2.5 

 

3.7/6.8 

4.9         

0.8 

 

4.0/7.2 

5.0           

0.8 

 

3.2/5.6 

4.0 

0.6 

 

6.1/10.9 

7.8 

1.2 

 

4-6 
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Figure 29.  Box plots with the height/width (H/M) in mm of Melanoides species and 

Pseudoplotia scabra for reference. (a) “Melania” (= Melanoides) tuberculata, India, 

Coromandel Coast; syntypes (ZMUC 1602); (b) Melanoides tuberculata, India, Tamil 

Nadu (ZMB 200313); (c) “Melania” (= Pseudoplotia) scabra, India, Coromandel 

Coast, syntypes (ZMUC 329); (d) Pseudoplotia scabra, India, Tamil Nadu (ZMB 

200312); (e-k) Melanoides jugiscostis: (e) Erawan Waterfall (SUT 0210021, morph 

A); (f) Erawan Waterfall (SUT 0210021, morph B); (g) Klong Bang Bon (SUT 

0210036); (h) Klong Yan (SUT 0210037); (i) Ramon Waterfall (SUT 0210025); (j) 

Klong Pa Liean (SUT 0210038); (k) Klong Cha Lung (SUT 0213042). 
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Thus, as revealed in Figure 30 the overall morphospace of the height and 

width shell parameter principally allows to distinguish between by the three distinct 

thiarid species under consideration here as well as to separate the different M. 

jugicostis populations studied from various locations in central to southern Thailand. 

                 Figure 30. Scatter plots showing the shape of Melanoides jugicostis  

                  in comparison to M. tuberculata and Pseudoplotia scabra.  

 

2. Ontogeny study: The animal, unknown from type material (see above), was 

described here based on the soft bodies assigned to this species from the combined 

available conchological and molecular evidence. The operculum was typical for 

thiarids, oval and paucispiral, light to dark brown, with the nucleus being eccentrical 

in the lower left corner (Figure 27b-h). The growth striate of the operculum are spread 

in a short spiral in vertical and lateral directions. There was not clearly visible genital 

groove but only a pigmented area as also seen in other thiarids; the mantel papillae 

(pa) were visible on the ventral side of the mantle edge (mae), also as in other thiarids. 



77 

 

 

In the females, they were found all ontogenetic stages of early embryos to large 

juveniles in the brood pouch (bp) situated in the dorsal part of the head-foot (Figure 

31).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 31. External morphology and brood pouch of Melanoides jugicostis (Ramon 

waterfall, Phangnga). Drawing a dorsal view with operculum, scale bar = 1 mm. See 

text for abbreviations. 

 

Interestingly, while there were many juveniles in all developmental stages in the two 

southern populations of M. jugicostis at Ramon waterfall and Klong Cha Lung, 

respectively. This study was unable to find females with brood pouches in all 

specimens conspecific animals from Erawan waterfall (Figure 32, Table 8). 

Accordingly, three sampling localities had only dry shell specimens at Klong Bang 

Bon, Klong Yan, and Klong Pa Liean. But they were used those shells for the result of 

biometry comparison with the other Melanoides species in Thailand. In this study, a 

total of 62 specimens of M. jugicostis were dissected (Table 12). Thirty four snails 

were not found embryos and juveniles in the brood pouch, the proportion of females 

was 45.2% (n=28) (Table 8). 
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Figure 32. Ontogeny stages of Melanoides jugicostis from three locations in 

Thailand. (a) Erawan waterfall (morph A and B); data are given for n=10 adult 

specimens collected at the end of the wet season (SUT 0210021); (b-c) Ramon 

waterfall for n=14 (SUT 0210025), with (b) average number of progeny in all females 

studies, and (c) total number of progenies per female, given for different ontogenetic 

stages assigned to five size classes (embryos are those without shell); (d-e) Klong Cha 

Lung for n=5 (SUT 0213042) with (d) average number of progenies, and (e) total 

number of progenies per female. 
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Table 8. Total (first line) and average number (second line) of progeny per female 

and shell parameters of juveniles from brood pouches of Melanoides jugicostis in 

comparison with Melanoides tuberculata and Pseudoplotia scabra. 
 
Location                                  

 
Brood pouch 

(N) 

        
      Embryo 
 

 
Size of number of progeny (mm) 

<0.5       0.5-1.0      1.0-1.5     > 1.5 

 
Total 
(N) 

 
 

(a) India, Tamil Nadu  

(ZMB 200313), n=7      

Melanoides tuberculata          

 

6 

 

                 

           0    

           0 

              

 

 

 

 

14 

2.3 

 

40 

6.7 

 

38 

6.3 

 

 

40 

6.7 

 

132 

22.0 

 

(b) India, Tamil Nadu  

(ZMB 200312), n=4       

 Pseudoplotia scabra       

 

4 

 

         36 

          9 

  

13 

3.3 

 

11 

2.8 

 

4 

1.0 

 

0 

0 

 

64 

16 

 

(c) Erawan waterfall,   

 morph A  

(SUT 0210021), n=10 

 (SUT 0210040), n=6  

 Melanoides jugicostis        

    

no 

brood 

pouch 

 

    

 

(d) Erawan waterfall, 

morph B  

(SUT 0210021), n=10 

( SUT 0210041), n=6 

Melanoides jugicostis          

    

no 

brood 

pouch 

    

 

(f) Ramon Waterfall 

(July 2010) 

(SUT 0210025), n=14  

Melanoides jugicostis           

 

13 

 

        27 

        2.1 

  

26 

2.0 

 

35 

2.7 

 

17 

1.3 

 

2 

0.2 

 

107 

8.2 

 

(g) Klong Cha Lung  

(February 2013) 

(SUT 0213042), n=5 

Melanoides jugicostis  

 

5 

            

      140 

      28 

  

48 

9.6 

 

134 

26.8 

 

21 

4.2 

 

2 

0.4 

 

345 

69 

         Total, n= 62 28 

45.2 

      212 

      7.6 

 101 

3.6 

220 

7.9 

80 

2.9 

44 

1.6 

648 

23.1 
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In an attempt to correlate this distinct reproductive mode with climatic effects 

such as for example the predictable chance of wet to dry season. This study used 

published data (precipitation and temperature) for nearby stations (Bangkok for 

Erawan, and Phuket for Raman and Klong Cha Lung). As was evident from Figure 29 

the specimens of Erawan waterfall which were not possessed brood pouches. They 

were collected both at the beginning of the dry season (November) as well as at its 

end (March). For comparison the populations of the south, Raman waterfall and 

Klong Cha Lung, exhibited brood pouches filled with many juveniles in various 

ontogenetic stages irrespective of collecting dates during dry season (February) and 

after the end of the first wet season (July). 

Figure 33. Climatic chart for conditions (given as precipitation and temperature) at 

three sampling locations in Thailand where different reproductive stages or modes in 

Melanoides jugicostis were found. (a) Erawan waterfall (morph A and B) (SUT 

0210021; n=20, collected in Nov. 2010; SUT 0210040-41; n=12, collected in March 

2012); (b) Ramon waterfall (SUT 0210025; n=14, coll. July 2010) and (c) Klong Cha 

Lung (SUT 0213042; n=5, collected in February 2013). Note that those collected at 

the beginning of end during the dry season at Erawan waterfall (location a, November 

and March, respectively) were both found to not possess brood pouches; in contrast 

those from Raman waterfall (location b) and Klong Cha Lung (location c) exhibit 

filled brood pouches after the end of the first wet season (July) and in the dry season 

(February); For source of climatic data see under Materials and Methods section. 
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Juvenile shell (Figure 34k-n): The shells of the juveniles in the brood pouch from 

Ramon Waterfall and Klong Cha Lung were found to have a maximum of five 

whorls, with an average height of about 222 and 228 m, respectively (Table 9). The 

increasing number of whorls render the shell a step-like appearance as is also known 

from one other thiarid, such as. Pseudoplotia scabra, here shown for comparison in 

Figure 34e-h. As it was typical for viviparous thiarids the sculpture of the initial cap 

was wrinkled also in M. jugicostis (Figure 34n), with growth lines and axial elements 

starting on the second whorl. On the third whorl spiral ridges developed and more 

pronounced sculpture commences, soon forming knobs at the apical ends of the axial 

ribs.  

As can be seen in the comparison of the lateral view of the apical whorls 

presented  (Figure 34b, f, l). The juvenile shell of M. jugicostis resemble Melanoides 

tuberculata more than Pseudoplotia scabra in the reticulate sculpture dominated soon 

by one apical and one basal spiral ridge on each whorl. However, the axial ridges in 

M. tuberculata (Figure 34a, c) was more pronounced than in M. jugicostis (Figure 

34k, m), where the strong axial ribs soon dominate. Although this latter feature was 

also visible in Pseudoplotia (Figure 34e, g), the juvenile shell of M. jugicostis was 

distinct also in this feature (Figure 34k, m). Thus, detailed comparison reveals the 

juvenile shell features of M. jugicostis, here shown as an example for the specimens 

from Ramon waterfall, to be distinct from other closely similar and related thiarids. 
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Table 9. Number of progeny and shell parameters of Melanoides jugicostis in 

comparison to Melanoides tuberculata and Pseudoplotia scabra in m.  

 
      Location 

 
Height 

 
Width 

 
Diameter 

 
 

(a) India, Tamil Nadu  

     (ZMB 200313), n=4 

     Melanoides tuberculata       

 

118.5  8.7 

 

94.3  4.3 

 

237 10.4 

 

(b) India, Tamil Nadu  

     (ZMB 200312), n=4   

     Pseudoplotia scabra 

 

150 6.5 

 

103 5.3 

 

227.5 6.5 

 

(c) Erawan waterfall, morph A  

     (SUT 0210021), n=10 

     (SUT 0210040), n=6   

     Melanoides jugicostis                

  

 

no brood pouch 

 

 

(d) Erawan waterfall, morph B  

     (SUT 0210021), n=10  

     (SUT 0210041), n=6                             

     Melanoides jugicostis          

  

 

no brood pouch 

 

 

(e) Ramon Waterfall  

     (SUT 0210025), n=6                             

     Melanoides jugicostis                     

 

110.7 7.9 

 

69.5 5.9 

 

222.5 9.4 

 

(f) Klong Cha Lung  

     (SUT 0210025), n=5                             

      Melanoides jugicostis            

 

118.4 3.2 

 

72.3 6.5 

 

228 5.2 
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Figure 34. Juvenile shells were extracted from brood pouches. (a-d) Melanoides 

tuberculata (Müller, 1774), India,Tamil Nadu (ZMB 200313); (a) lateral view; (b) 

apical whorls, lateral; (c) apical view; (d) details of the protoconch. (e-h) 

Pseudoplotia scabra (O.F. Müller, 1774), India, Tamil Nadu (ZMB 200312); (e) 

lateral view; (f) apical whorls, lateral; (g) apical view; (h) details of the protoconch. 

(k-n) Melanoides jugicostis (Hanley & Theobald, 1876), Thailand, Ramon Waterfall, 

Phang Nga (SUT 0210025); (k) Lateral view; (l) apical whorls, lateral; (m) apical 

view; (n) details of the protoconch. Scale bar = 200 μm.  
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3. Radula (Figure 36): The taenioglossan, tiny radula of M. jugicostis (Figure 36) 

resembles in overall appearance those of other thiarids, here compared in more detail 

with those found in M. tuberculata (Figure 35a-d) and P. scabra (Figure 35e-h, Table 

10). Radula material of M. jugicostis was not available from type locality because 

they were presumed type shells lost (see more details in part I). The specimens 

examined here are from Erawan waterfall morph A and B (Figure 36a-d) and Ramon 

waterfall (Figure 36e-h). The radula ribbon was found to be up to 2 mm in length, 

varying with shell size, and being very small and fragile. As in all thiarids the central 

tooth or rachidian is significantly wider than tall; all specimens have a central cusp 

flanked by 2 or 3 triangular denticles on both sides, resulting in mainly up to seven 

denticles and a typically 2-3/1/2-3 pattern at the upper cutting edge. The laterals were 

with two to three smaller denticles attached on the inner side, and mostly three 

denticles outside from the main large cusps. There were only minor differences in 

respect to denticle pattern, as the topotypical M. tuberculata from India was found to 

have a 3/1/3 pattern in the rachidian (Figure 35c, Table 10), while the topotypical 

Pseudoplotia scabra from India has a 2-3/1/2-3 pattern more similar to M. jugicostis 

(Figure 35g, Table 10).  

The radula characteristic was only minor differences considered unimportant in 

different populations of M. jugicostis and also in the two morphs from Erawan 

waterfall. Accordingly, morph B has slightly more rounded cusps in all teeth 

(rachidian to marginals) and less numerous denticles in the laterals (Figure 36b-d, 

Table 10) when compared to those in morph A from the same locality (Figure 36f-h). 

In all radula the marginal teeth are moderately long, with a varying number of 8-12 

denticles. In M. jugicostis morph A from Erawan the ribbon consists of 58, 63, 54 and 

60 rows (n=4 specimens) respectively, as compared to about 73 rows in morph B 

from Erawan. In the n=2 specimens from Raman waterfall the ribbon consist of 69 

and 78 rows, respectively. Whiles, M. jugicostis from Klong Cha Lung the ribbon 

consists of 64 and 70 rows (n=2 specimens) (Table 10). Therefore, detailed 

comparison reveals the radula of M. jugicostis, here shown as an example for the 

specimens from Erawan waterfall and Ramon waterfall, to be distinct from other 

closely similar and related thiarids.  
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Figure 35. Radula of adult Melanoides tuberculata and Pseudoplotia scabra. (a-d) 

Melanoides  tuberculata (O.F. Müller, 1774) (ZMB 200313); (a) radula ribbon, scale bar = 

100 μm.; (b) lateral and central teeth, scale bar = 25 μm.; (c) rachidian, scale bar = 10 μm.; 

(d) marginal teeth, scale bar = 10 μm.; (e-h) Pseudoplotia scabra (O.F. Müller, 1774) (ZMB 

200312); (e) radula ribbon, scale bar = 50 μm.; (f) lateral and central teeth, scale bar = 25 

μm.; (g) rachidian, scale bar = 25 μm.; (h) marginal teeth, scale bar = 25 μm. 
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Figure 36. Radula of adult Melanoides jugicostis. (a-d) Erawan Waterfall (SUT 

0210021_morph B); (a) radula ribbon, scale bar = 100 μm.; (b) lateral and central teeth, scale 

bar = 20 μm.; (c) rachidian, scale bar = 5 μm., (d) marginal teeth, scale bar = 20 μm.; (e-h) 

Ramon Waterfall (SUT 0210025); (e) radula ribbon, scale bar = 100 μm.; (f) lateral and 

central teeth, scale bar = 10 μm.; (g) rachidian, scale bar = 5 μm.; (h) marginal teeth, scale bar 

= 20 μm. 
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Table 10. The number of cusps of radula teeth of Melanoides jugicostis, Melanoides 

tuberculata and Pseudoplotia scabra.  

 
Location 

 
 

 

 
N 

 
N 

rows 

 
Marginal 

teeth 

 
Lateral 
teeth 
left 

 
Lateral 
teeth 
right 

 
Rachidian 

 

(a) India, Tamil Nadu  

(ZMB 200313) 

Melanoides tuberculata  

 

2 

 

96 

104 

 

8-10 

 

2-3/1/2-3 

3-4/1/2-3     

 

2-3/1/3  

2-3/1/4       

 

3/1/3 

3/1/3 

 

(b) India, Tamil Nadu  

(ZMB 200312)   

Pseudoplotia scabra                

 

1 

 

62 

 

9-12 

 

4/1/2-3 

 

2-3/1/2-3     

 

2-3/1/2-3    

 

(c) Erawan waterfall  

morph A  

(SUT 0210021, 0210040)   

Melanoides jugicostis              

 

4 

 

58 

63 

54 

60 

 

10-12 

 

3/1/2 

4/1/1-2 

3/1/2 

3/1/2 

 

2/1/3 

1-2/1/2-3 

2/1/2 

2/1/3        

 

2-3/1/2-3 

2-3/1/2-3 

2-3/1/2-3 

2-3/1/2-3 

 

(d) Erawan waterfall  

morph B 

(SUT 0210021, 0210041)   

Melanoides jugicostis              

 

4 

 

67 

73 

65 

70 

 

10-12 

 

 

3-4/1/2-3 

3-4/1/2-3 

3-4/1/3-4 

3-4/1/2-3 

 

2-3/1/4 

2-3/1/3 

2-3/1/2-3 

2-3/1/2-4 

 

2-3/1/2-3 

2-3/1/2-3 

2-3/1/2-3 

2-3/1/2-3 

 

(e) Ramon Waterfall  

(SUT 0210025) 

Melanoides jugicostis              

 

2 

 

69 

78 

 

8-10 

 

3/1/2-3   

3/1/2-3          

 

2-3/1/3   

2-3/1/3       

 

2-3/1/2 

2-3/1/2      

 

(f) Klong Cha Lung  

(SUT 0213042) 

Melanoides  jugicostis             

 

2 

 

64 

70 

 

      8-10 

 

 

2-3/1/2-3 

3/1/2-3 

 

 2-3/1/3 

2-3/1/2-3 

 

2-3/1/2-3 

2-3/1/2-3 
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Ecology: M. jugicostis was found in a variety of freshwater habitats, living as well on 

sandy to muddy as on more coarse substrate at the locations sampled in Thailand, 

with mainly stagnant to slowly running water. This species is usually found together 

with other thiarids, most often with M. tuberculata and Pseudoplotia scabra, but 

rarely also with Tarebia granifera. The collectors were not able to verify any 

consistent ecological features that clearly distinguish either a particular locations or 

the specific habitats where M. jugicostis was found to occur. Thus, the ecological 

requirements of this taxon, in particular in contrast to other thiarids, remain 

insufficiently known. 

 
Distribution (Figure 28): M. jugicostis was originally found and described from 

Burma, with the type locality at the Tenasserim River (location a in Figure 28 given 

as approximation; see above). On the Thai Peninsula, This study  found two locations 

of M. jugicostis to be north of this (locations b-c) as well as south of the isthmus of 

Kra (locations d-h) extending the species’ range towards the border with Malaysia. 

Thus, M. jugicostis has an fairly extended range in Thailand albeit with only few 

localized occurrences, rendering it far less abundant compared to its congener M. 

tuberculata. For the details of the locations and material see list below and Table 7. 

It should be noted that the original type locality of M. jugicostis in the 

Tenasserim or Tanintharyi River of Myanmar is close to or even in the vicinity of the 

one northern Thai locations found herein (Figure 28), but separated by the massive 

mountainous ridge that forms the Thai Peninsular. Actually, it is in a drainage running 

into the Andaman Sea to the west, while the northern Thai populations studied here 

are all in rivers draining into the Golf of Siam (Khwae Yai River and Khwae Noi 

River, Phetchaburi River, respectively). Only, the more southern locations of M. 

jugicostis in Thailand (Figure 28d-h) are again in drainages running into the Andaman 

Sea. 

 
Material examined:  

Thailand:Erawan waterfall, Sri Sa Wad District, Kanchanaburi Province (14 22’23.9” 

N 99 08’51.8” E) (SUT 0210021, SUT 0210040-41; morph A & morph B); Klong 

Bang Bon, Kraburi District, Ranong Province (10 20’10.8˝N 98 46’48.7 E) (SUT 
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0210036); Klong Yan, Wipawadee District, Suratthani Province (09 12’12.8” N 

98 57’20.3” E) (SUT 0210037); Ramon waterfall, Ta Gua Thong District, Phang Nga 

Province (08 27’8.5” N 98 28’0.9” E) (SUT 0210025); Klong Pa Liean, Yan Ta Kow 

District, Trung Province (SUT 0210038); Klong Cha Lung, Muang District, Satun 

Province (06°43.618 N 100°03.756 E) (SUT 0213042).  

 

Discussion: 

Although a second species of Melanoides has been reported for Thailand in the survey 

on non-marine molluscs by Brandt (1974), its existence remained enigmatic for 

several reasons. First, its cryptic original description in Hanley & Theobald (1874) 

from Burma with essentially only giving a shell figure (reproduced in Figure 18a) 

raises questions as to its identity and its occurrence and range, as type material was 

never studied and is apparently lacking. Second, it remained questionable all the more 

given the continuous confusion of thiarid taxa assigned in a more than arbitrary way 

to the ubiquitous and wide-ranging Melanoides tuberculata not only in Thailand but 

elsewhere in Southeast Asia (Glaubrecht, 1996; Facon et al., 2003; Kduang et al., 

2009). 

 
Zoogeography:  

This work studied based on morphology, such as essentially on shell features, that are 

identical with or at least closely resemble Hanley and Theobald’s original figure of 

“Melania” jugicostis. The geographical occurrence of this taxon in Thailand, which 

exhibit a distribution ranging from the Kanchanaburi province in the north to the 

southern most provinces. Therefore, this species was anticipated that it might even 

extend further south on the Malay Peninsula (and maybe even into Sumatra). 

Unfortunately, nothing can be said to date about occurrences in Myanmar (former 

Burma, from where the species was originally described), as no survey has been 

undertaken in this area in modern times. 
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Conchology: 

The data show by comparison with the type material of presumably closely related 

thiarids which resemble this species, viz. that of Melanoides tuberculata and 

Pseudoplotia scabra, the adult shells of M. jugicostis turned out to be a distinct entity. 

The results for the shell parameters as described herein, summarized in Table 7 and 

visualised in Figs. 25-26, allow to separate this species from M. tuberculata and at the 

same time to assign this species to the same genus with the data on molecular genetics 

to be described, see more details in part IV.  

Most characteristically, “Melania” jugicostis, as originally depicted, has 

pronounced axial ribs on each of its whorls which are separated by a most pronounced 

deep suture, with additional spiral ridges and grooves found only on the base of the 

last body whorl. Thus, Thai material, these ribs can be either more angular (in most of 

the southern locations) or more rounded in a slender more elongate shell in the 

northern populations (Figure 27). In contrast, the nominal species M. tuberculata, 

albeit being highly polymorphic, only rarely has even weakly developed axial ribs, 

but usually a shell with spiral striae or at most some vertical ridges on the first few 

apical whorls.  

In another thiarid, viz. Pseudoplotia scabra, the shells are often sculptured with 

axial elements, such as pronounced vertical ridges that extend to nodulous protrusions 

on the apical shoulder of each whorl, which are found neither in M. jugicostis nor in 

M. tuberculata. On the other hand, however, our comparison of shell size and shape 

as shown that M. jugicostis is distinct from P. scabra, which is moderately to 

elevated-conical (sometimes even pagoda-like) with a large last whorl comprising 

about 2/3 of the entire shell length. Thus, while the juvenile stages of M. jugicostris 

shells reveal some resemblance with those in Pseudoplotia scabra (Figure 34e-n), 

adult shells of M. tuberculata as well as of M. jugicostis are both more slender in 

shape, with the spire being much longer than the last whorl, and the height of the shell 

being two or three times larger than the width (Table 7, Figure 29).  

The comparison of key shell parameters (given as h/w index) reveals not only 

the distinction from M. tuberculata and P. scabra but also a certain, albeit slight cline 

within M. jugicostis populations which tend to get smaller from north to south in 
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Thailand (Figure 29-30 in comparison with Figure 28). The shell shape parameters 

show the occupation of different morphospace, with M. jugicostis from the northern 

Erawan waterfall being distinguishable from all, while at the same time being closest 

in size to the types of M. tuberculata.  

 
Radula: 

The available data on the anatomy, in particular the radula features, does not help to 

separate M. jugicostis from other thiarids. Its radula patterns are most similar to the 

topotypical specimens of P. scabra with a rachidian denticle pattern of (2-3/1/2-3), 

but more distinct from that in M. tuberculata (3-4/1/3-4).  

 
Ontogeny: 

Melanoides jugicostis is viviparous, with females brooding their juveniles in a 

subhaemocoelic brood pouch, as typical for thiarids (Glaubrecht, 1996, 1999). 

However, this study found a peculiar lack of any embryonic stage or shelled juveniles 

in the brood pouch of females from a population at one single location in Thailand, 

viz. Erawan waterfall (Figure 28, b-c), where the snails were collected at different 

times of the year (i.e. dry and wet season). As an explanation for this, two alternative 

hypotheses are discussed here, namely correlation with season and parasite sterility.  

The climatic chart in Figure 33 shows two conditions (precipitation and 

temperature) at three sampling locations in Thailand where M. jugicostis was found. 

The results  for a correlation with these climatic conditions, since distinct sampling 

times revealed the same unusual reproductive mode, i.e. the lack of gravid females at 

Erawan waterfall (in both morphs A and B; SUT 0210021; n=20), collected in 

November 2010, and the same two morphs (SUT 0210040-41; n=12), collected in 

early March 2012, thus immediately at the beginning of end long into the dry season. 

In contrast, at Ramon waterfall (SUT 0210025; n=14), collected in July 2010, and at 

Klong Cha Lung (SUT 0213042; n=5), collected in February 2013, the specimens 

exhibit filled brood pouches with various embryonic and juveniles stages both during 

the dry season (February) and after the end of the first wet season (July), respectively. 
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Conclusion: 

In conclusion, the frame work aims to verify the existence of a distinct species M. 

jugicostis to be present in central to southern Thailand, as assumed by Brandt (1974: 

166). This taxon is conchologically different from Melanoides tuberculata or other 

thiarids, such as e.g. Pseudoplotia scabra, with respect to the adult shell as well as 

juvenile shell features of stages derived from the female brood pouch. Thus, these 

snails were suggested a placement of M. jugicostis as second member within the 

genus Melanoides, however, being clearly distinct from the type species more 

widespread in Thailand. This finding is corroborated also by data from an ongoing 

molecular study using the fragments of two mitochondrial genes (COI and 16S), as 

studied in context of a monographic survey of M. tuberculata populations, not only in 

Thailand but on a worldwide basis to be evaluated the current status of thiarid snails 

in this time.   
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Part III: Systematic Results of Melanoides tuberculata in Thailand 

Melanoides tuberculata (Müller, 1774) 

(Figure 37a-h, k-m)  
Nerita tuberculata Müller, 1774: in Verm. terr. et fluv. Hist. 1786: 2:191, vol. 9, pl. 136, figs. 1261-62. 

Melanoides fasciolata Olivier, 1804: Voy. l’Emp. Othoman 2: 69. 

Melania truncatula Lamarck, 1822: in Anim. S. Vert., 6(2): 167. 

Melania virgule Quoy & Gaimard, 1834: Voy. Astrolabe, Zool., 3: 141, pl. 56 fig. 1-4. 

Melania pyramis Benson, 1836. Asiat. Soc. Bengal, 5:782 (River Hooghly, Calcutta). 

Melania punctata Potiez & Michaud, 1838. Gal. Moll. Mus. Douet, 1: 262, pl. 27 fig. 15-16. 

Melania rothiana Mousson, 1841. Coqu. Terr. Fluv. Pal.: 61. 

Melania ornate Von Dem Busch, 1842. Abb. Beschr., 1 (Melania): 4, pl. 1 fig. 15-16. 

Melania moesta Hinds, 1844. Ann. Mag. nat. Hist., 14: 9. 

Melania suturalis Philippi, 1847. Abb. Beschr., 2: 173, pl. 4 fig. 6. 

Melania rivularis Philippi, 1847. Abb. Beschr., 2: 174, pl. 4 fig. 17. 

Melania unifasciata Mousson, 1848. Mitth. Naturf. Ges. Zürich, 1: 269. 

Melania juncea I & HC Lea, 1850. Proc. Zool. Soc. London, 1850: 189. 

Melania turriculus I & HC Lea, 1850. Proc. Zool. Soc. London, 1850: 190. 

Melania tigrina Hutton, 1850. J. asiat. Soc. Bengal, 19: 658. 

Melania judaica Mousson, 1855. Malak. Bl., 2: 53, pl. 2 fig. 1-3. 

Melania layardi Dohrn, 1858. Proc. Zool. Soc. London, 1858: 135. 

Melania exusta Reeve, 1859. Conch. Icon., 12: pl. 12 fig. 74. 

Melania punctulata Reeve, 1859. Conch. Icon., 12: pl. 15 fig. 100, 109. 

Melania crepidinata Reeve, 1859. Conch. Icon., 12: pl. 17 fig. 120. 

Melania beryllina Brot, 1860. Rev. Mag. Zool., 8, pl. 17 fig. 8. 

Melania rubropunctata Tristram, 1865. Proc, zool. Soc. London, 33: 541. 

Melania distinguenda Brot, 1874. Conch. Cab., 1 (24): 190, pl. 21 fig. 15. 

Melania waigiensis Brot, 1874. Conch. Cab., 1(24): 195, pl. 22 fig. 6. 

Melania denisoniensis Brot, 1874. Conch. Cab., 1(24): 234, pl. 25 fig. 6-6a. 

Melania javanica Brot, 1874. Conch. Cab., 1(24): 246, pl. 26 fig. 7. 

Melania malayana Brot, 1874. Conch. Cab., 1(24): 253, pl. 26 fig. 5-5a. 

Melania parreyssi Brot, 1874. Conch. Cab., 1(24): 254, pl. 27 fig. 3. 

Melania singularis Tapparone-Canefri, 1877. Ann. Mus. Civ. Stor. nat. Genova, 9: 284. 

Melania wilkinsonii and Melania scalariformis Tenison Woods, 1880. Proc. Linn. Soc. N. S. Wales, 4:  

25, pl.4 fig 4. 

Melania pellicens Tapparone-Canefri, 1883. Ann. Mus. Civ. Stor. nat. Genova, 19: 30, pl. 1 fig. 18. 

Melania dominula Tapparone-Canefri, 1883. Ann. Mus. Civ. Stor. nat. Genova, 19: 31, pl. 1 fig. 16. 

Melania petiti Tapparone-Canefri, 1883. Ann. Mus. Civ. Stor. nat. Genova, 19: 37.  
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Melania nicobarica Tapparone-Canefri, 1883. Ann. Mus. Civ. Stor. nat. Genova, 19: 38.  

Melania tuberculata –Morlet, 1889. J. de Conch., 37: 146. 

Melania tuberculata – Fischer & Dautzenberg, 1904. Miss. Pavie, 3: 418. 

Melanoides tuberculata – Suvatti, 1950. Suvatti, Fauna Thailand: 62. 

Melanoides ningpoensis – Suvatti, 1950. Suvatti, Fauna Thailand: 61. 

Melanoides tuberculata – Ito & Al, 1962. Jap. J. med. Sci. Biol., 15: 250, fig. 9. 

Melanoides tuberculata – Habe, 1964. Nature Life SE Asia, 3: 53, pl. 1 fig. 18. 

Melanoides tuberculata – Solem, 1966. Spolia zool. Mus. Haun., 24: 15 

 

Type locality: Coromandel Coast, India. (Figure 38) 

 
Type material: A total of 35 syntypes (3 + 32 specimens in two lots) were found to 

be extant in the ZMUC (Glaubrecht et al., 2009); note that the claim in Smith (1992: 

76) on the type material being lost and the type locality being unknown is erroneous. 

This study used as reference some of three syntypes (ZMUC 1602) (Figure 37a), as 

well as topotypical material from India, viz. from Tamil Nadu (ZMB 200313), 

deposited as voucher in the Museum für Naturkunde, Berlin. 

 

Taxonomy:  The species is highly polymorphic, with shells being very variable (see 

above). Several species were described and lists of synonyms published (e.g. 

Germain, 1921; Pilsbry & Bequaer, 1927; Rensch, 1934; Riech, 1937; Benthem, 

1956, 1959; Brandt, 1974; Starm, 1969, 1976, 1983, 1984, 1993; Brown, 1994; 

Glaubrecht, 1996).  

 
Description:   

1. Shell morphology (Figure 37a-h, k-m): all most the M. tuberculata has an 

elongated conic shell with up to 33.06 mm in length (mean = 16.63 mm, standard 

deviation = 4.48, n= 478), with the most apical whorls being often eroded or 

decollated, with a high spire, moderately large last whorl and a distinct suture. The 

shell colour is highly variable, ranging from olive or even yellowish-brown to dark 

brown and even nearly black. The number of whorls is mostly between 4 and 13. 

Aperture is oval with sharp peristome and curved columella (Figure 21). This species 

was high variations of conchology and widely distributed in Thailand (Figure 38, 

   ส
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สมุดกลาง
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Appendix D). Ten morphs of M. tuberculata, twenty nine populations from six parts 

of Thailand were studied. 

 

 

Figure 37. Shells of Melanoides species. (a) three syntypes (ZMUC 1602) of 

“Melania” tuberculata Müller, 1774 from India; (b-g, k-l) shells of Melanoides 

tuberculata from Thailand; (b): morph 1, MCT1; (c): morph 2, MCT2; (d): morph 3, 

MCT3; (e): morph 4, MCT4; (f): morph 5, MCT5; (g): morph 6, MCT6; (h): morph 7, 

MCT7; (k): morph 8, MCT8; ; (l): morph 9, MCT9; (m): morph 10, MCT10. Scale bar 

= 1.0 cm.      
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Figure 38. Map localities were collected snails Melanoides tuberculata from 29 

areas, 10 morphs in Thailand. Asterisk mark represents the type locality of M. 

tuberculata from Tamil Nadu, India . 

 

As evident from the shell parameters of the height alone that were found two 

populations from the north part and the southern part of Thailand (Figure 39a, Table 

11). They were more the larger size than the other part, also evident from comparison 

with the syntypes (ZMUC 1602) and topotypical material (ZMB 200313). While the 

more northern shells were close to the shell height also found from the type material 

of M. tuberculata. Alternatively, the overall shell shape can be expressed by the shell 

parameters index h/w, resulting in larger and more slender shell shape from the north 

to the south (Figure 39b). Thus, as revealed on the other populations from the 

northeast, central, east to the west on average significantly were smaller shell size 

than those from the north and the south of Thailand (Table 11).  
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Table 11. Measurements for shell parameters of Melanoides tuberculata from six  

parts of Thailand comparison to the type material of M. tuberculata and Pseudoplotia 

scabra, with min./max. values, mean, standard deviation and number of whorls (N) 

given. Measurements in mm; SD = standard deviation. 
 

        Location 

  

Height 

 

Width 

 

Height 

aperture 

 

Width 

aperture 

 

Last body 

whorl 

 

N 

 

(a) India, Coromandel Coast 

(ZMUC 1602), n=7 

(types of “Melania” 

tuberculata) 

 

min./max. 

mean 

SD 

 

17.7/25.4 

20.7    

2.7         

 

5.6/9.2 

7.0         

1.2         

 

5.3/8 

6.3           

1.1           

 

2.7/4.9 

3.5 

0.7         

 

8.2/12.7 

10.2 

1.5         

 

7-10 

 

(b) India,Tamil Nadu   

(ZMB 200313), n=10            

 

min./max. 

mean 

SD 

 

8.9/15.3 

12.4 

    2.2       

 

2.2/6.0 

4.2 

1.1 

 

2.9/4.5 

3.7 

0.5 

 

2.3/5.0 

3.2 

0.8 

 

4.5/8.3 

6.0 

1.2 

 

4-5 

 

(c) India, Coromandel Coast 

(ZMUC 329), n=3    

(types of “Melania” scabra)       

 

min./max. 

mean 

SD 

 

17.0/19.3 

18.4    

1.2         

 

7.8/10.4 

9.0         

1.3         

 

7.9/10.7 

9.3           

1.4           

 

3.9/4.6 

4.3 

0.4         

 

11.3/12.9 

12.4 

0.9 

 

5-7 

 

(d) North part 

M. tuberculata, n=55 

 

 

min./max. 

mean 

SD 

 

13.2/33.1 

21.7 

4.9 

 

4.9/10.9 

7.5         

1.6 

 

4.4/10.7 

7.4           

1.6 

 

3.4/8.0 

5.7 

1.2 

 

6.9/16.3 

11.3 

2.4 

 

4-13 

 

(e) Northeast part  

M. tuberculata, n=59 

 

 

min./max. 

mean 

SD 

 

8.2/30.1 

12.7 

4.5 

 

3.0/10.3 

4.6 

1.4 

 

2.9/10.1 

4.6 

1.4 

 

2.4/8.0 

3.6 

1.0 

 

4.6/14.9 

7.1 

2.0 

 

4-11 

 

(f) Central part   

M. tuberculata, n=18 

  

 

min./max. 

mean 

SD 

 

8.4/21.1 

13.7 

4.2 

 

2.2/7.6 

4.7 

1.7 

 

2.6/8.0 

4.8 

1.8 

 

2.2/6.0 

3.8 

1.3 

 

4.3/11.7 

7.4 

2.6 

 

5-9 

 

(g) East  part 

 M. tuberculata, n=50 

 

 

min./max. 

mean 

SD 

 

10.1/16.2 

13.9 

1.6 

 

3.8/5.9 

4.8         

0.4 

 

3.6/6.4 

4.6           

0.5 

 

2.8/4.8 

3.7 

0.4 

 

5.5/9.5 

7.3 

0.7 

 

4-11 

 

(h) West  part 

 M. tuberculata, n=139 

 

 

min./max. 

mean 

SD 

 

8.2/29.4 

15.8 

3.4 

 

2.8/11.1 

5.6         

1.2 

 

2.5/11.3 

5.6           

1.3 

 

2.1/8.5 

4.3 

0.9 

 

3.9/17.5 

8.7 

1.9 

 

4-11 

 

(h) South part 

 M. tuberculata, n=111 

 

 

min./max. 

mean 

SD 

 

10.3/26.8 

18.8 

3.4 

 

3.7/9.0 

6.2         

1.1 

 

3.7/9.0 

6.4 

1.0 

 

3.1/6.6 

4.8 

0.8 

 

5.5/14.0 

9.9 

1.6 

 

4-12 
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Figure 39. Box plots of the relations the height and the height/width (H/W) of 

Melanoides tuberculata from Thailand comparison with the type material from India. 

(a) “Melania”(=Melanoides) tuberculata, India, Coromandel Coast; syntypes (ZMUC 

1602); (b) Melanoides tuberculata, India, Tamil Nadu (ZMB 200313); (c-h) 

Melanoides tuberculata from six parts of Thailand; (c) the North (MCT2, MCT4, 

MCT6); (d) the Northeast (MCT3, MCT4, MCT7); (e) the Central (MCT5); (f) the East  

(MCT3, MCT5, MCT9); (g) the West (MCT2, MCT4, MCT5, MCT7, MCT10); (h) the 

South Part (MCT1, MCT3, MCT5, MCT6, MCT7, MCT8). See text for abbreviations.  

 
Subsequent scatterplot analysis made with the height (h) and width (w) shell 

parameter principally allows to distinguish shape between the north and the south 

from the other under morphometric analysis that they was strongly related. The type 

material was included in the scatter plot together with the other material examined. 

According to the diagram, the shell size from the north populations are distributed 

above of the syntypes of Melanoides tuberculata (ZMUC 1602) and Psedoplotia 

scabra, out group (ZMUC 329), with the south populations in middle (Figure 40). The 

result of this analysis shows that the shape of Melanoides in the north is significantly 

different the shell shapes from the other part. They have a medium to large size of 

shell of 13.2 mm and up to 33.1 mm in height of shell, (mean = 21.7, sd= 4.9, n=55) 

a b 
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with high spire and more elongated shapes, body whorl rather be ovate-broad shape, 

also comparison with shell features and colour pattern. Accordingly to the Melanoides 

populations from the west to the south  that they also have a size of shell between 10.3 

and 26.8 in mm of height (mean=18.8, sd=3.4, n=111), with slender shape, more 

elongated. Some specimens were pronouncedly flattened whorls with suture narrow 

and subsutural depression shallow. As were evidents from the shell parameters and 

specific characteristics of its pronounced that making them prone to superficially be 

assigned to distint shell morphology. 

Figure 40. Scatter plots showing the shape of Melanoides species in comparison to 

syntypes of M. tuberculata and Pseudoplotia scabra. 

 
In addittion, the other shell features were also found to vary across the geographic 

range in each of parts. For example, the snails from the south were found great 

variations of its wide range on the length of shell (min.= 10.30 mm., max.= 26.76 

mm., n=111). They exhibited a weak to strong axial ribs on the whorls, smooth to 

rough of the shells, larger and more slender shells. Whiles, the north and the northeast 

patterns, these were without the axial ribs, more rounded in a slender, more elongate 

shell in the northern-northeast populations. In another part, Melanoides from the 
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central to the west that they were often sculptured with axial elements, more slender 

shape, and the height of spire is rather longer than the width approximate for three 

times (Figure 41, Table 11). 

 

  

Figure 41. Variations of shell morphology of Melanoides tuberculata (MCT1, MCT2, 

MCT3, MCT4, MCT5, MCT6, MCT7, MCT8, MCT9, MCT10) and Melanoides 

jugicostis (MCT11) from the north to the south of Thailand. Scale bar = 10 mm. 

 
2. Ontogeny study: Adult females were found embryos or juveniles within a 

subhaemocoelic brood pouch (bp) (Figure 42). They were situated in the right head 

foot and extending deep into the neck region above the columellar muscle. They  gave 

birth to crawling juveniles with shells comprising several whorls before hatching from 
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brood pouch porus (bpp). In this study, the snails were found the frequency of females 

by possessing of brood pouch filled with early ontogenetic stages, such as early to late 

embryos (Figure 43a, b) and juveniles (Figure 43c, d). They were dissected a total of 

190 specimens of about equal shell size of Melanoides different shell characters in 

every parts of Thailand (Table 12). Twelve snails were not found embryos and 

juveniles in the brood pouch, the proportion of females was 93.7% (n=178).  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 42. External morphology of Melanoides tuberculata. (a) drawing a dorsal 

view with operculum, scale bar = 1 mm.; (b) mantle papillae on the mantle edge, scale 

bar = 2 mm.; (c) head-foot with embryo and juvenile in brood pouch, scale bar = 2 

mm. See text for abbreviations. 
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Figure 43. Embryonic stages of Melanoides species. (a) early embryo, scale bar = 0.2 

mm., (b) late embryo, scale bar = 0.2 mm., (c) juvenile, scale bar = 0.5 mm., (d) 

embryos and juveniles in brood pouch from the top of the head of snail, scale bar = 

0.5 mm.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 



103 

 

 

Table 12. Total (first line) and average number (second line) of progeny per female 

and shell parameters of juveniles from brood pouches of Melanoides tuberculata. 
 
Location                                  

 
Brood pouch 

(N) 

        
      Embryo 
 

 
Size of number of progeny (mm) 

<0.5       0.5-1.0      1.0-1.5     > 1.5 

 
Total 
(N) 

 
MCT1 

(1) Klong Ra Canal  

     (SUT 0210029), n=12    

 

7 

 

                 

          9     

        1.3 

 

 

 

 

71 

10.1 

 

73 

10.4 

 

34 

4.9 

 

7 

1.0 

 

194 

27.7 

MCT2 

(2) Tharn Sa Wan Waterfall 

      (SUT 0210003), n=6  

 

(3) Mae Sa Waterfall 

      (SUT 0210007), n=6 

 

(4) Huai Khayeng Stream 

      (SUT 0209017), n=6  

 

6 

 

 

5 

 

 

6 

 

         23 

        3.8 

 

        18 

        3.6  

 

        35 

        5.8   

  

94  

15.7 

 

66 

13.2 

 

38 

6.3       

 

65 

10.8 

 

21 

4.2 

 

27 

4.5 

 

21 

3.5 

 

0 

0 

 

15 

2.5 

 

10 

1.7 

 

2 

0.4 

 

7 

1.2 

 

213 

35.5 

 

107 

21.4 

 

122 

20.3 

MCT3    

(5) Ban Ga Set Som Boon 

     (SUT 0210009), n=6    

 

(6) Plew Waterfall 

      (SUT 0209013), n=6  

 

(7) Kathu Waterfall 

     (SUT 0210023), n=6          

 

6 

 

 

6 

 

 

5 

 

 

        34 

        5.7 

 

       32 

       5.3 

        

       11 

       2.2 

  

30 

5.0 

 

28 

4.7 

 

22 

4.4 

 

35 

5.8 

 

27 

4.5 

 

21 

4.2 

 

29 

4.8 

 

13 

2.2 

 

7 

1.4 

 

11 

1.8 

 

6 

1.0 

 

3 

0.6 

 

139 

23.2 

 

106 

17.7 

 

64 

12.8 

MCT4 

(8) Mang River 

     (SUT 0210004), n=6 

 

(9) Kang Song  

     (SUT 0210005), n=6 

 

(10) Huai Lum Pau Dang     

       (SUT 0210008), n=6 

 

(11) 19+500 km of  

        Drainage, Cha Um  

        (SUT 0210035, n=6 

 

6 

 

 

6 

 

 

6 

 

 

6 

 

       37 

       6.2 

 

      17 

       2.8 

 

      26 

      4.3 

 

    10 

      1.7 

  

43 

7.2 

 

47 

7.8 

 

17 

2.8 

 

32 

5.3 

 

36 

6.0 

 

26 

4.3 

 

37 

6.2 

 

25 

4.2 

 

17 

2.8 

 

8 

1.3 

 

13 

2.2 

 

4 

0.7 

 

5 

0.8 

 

11 

1.8 

 

9 

1.5 

 

0 

0 

 

138 

23.0 

 

109 

18.2 

 

102 

17.0 

 

71 

11.8 
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Table 12 (Continued).  
 
Location                                  

 
Brood pouch 

(N) 

        
     Embryo 
 

 
Size of number of progeny (mm) 

<0.5       0.5-1.0      1.0-1.5     > 1.5 

 
Total 
(N) 

 
MCT5 

(12) Khao Kheow  

       (SUT 0209014), n=6 

 

(13) Sai Yok Noi Waterfall   

        (SUT 0209016), n=6 

 

(14) Ban Mai Pai Jay Dee  

       (SUT 0210018), n=6 

 

(15) Chainat Bird Park  

       (SUT 0210019), n=6 

 

(16) Sai Yok Yai Waterfall  

       (SUT 0210020), n=6 

 

(17) Wipawadee Waterfall  

        (SUT 0210022), n=6 

 

(18) Sai Ku Waterfall   

       (SUT 0210030), n=6 

 

 

6 

 

 

5 

 

 

6 

 

 

6 

 

 

6 

 

 

5 

 

 

          6 

 

       24 

       4.0 

 

       27 

       5.4 

 

       35 

       5.8 

 

       46 

       7.7 

 

     22 

      3.7 

 

       97 

      19.4 

 

      69 

      11.5 

 

 

 

28 

4.7 

 

34 

6.8 

 

42 

7.0 

 

37 

6.2 

 

27 

4.5 

 

42 

8.4 

 

31 

5.2 

 

31 

5.2 

 

25 

5.0 

 

51 

8.5 

 

35 

5.8 

 

39 

6.5 

 

6 

1.2 

 

48 

8.0 

 

22 

3.7 

 

8 

1.6 

 

17 

2.8 

 

16 

2.7 

 

14 

2.3 

 

2 

0.4 

 

22 

3.7 

 

16 

2.7 

 

8 

1.6 

 

3 

0.5 

 

5 

0.8 

 

3 

0.5 

 

1 

0.2 

 

1 

0.2 

 

 

121 

20.2 

 

102 

20.4 

 

148 

24.7 

 

139 

23.2 

 

105 

17.5 

 

148 

29.6 

 

171 

28.5 

MCT6 

(19) Mae Mai Waterfall  

        (SUT 0210002), n=6 

 

(20) 42 km of Wang Thong  

        (SUT 0210006), n=6 

 

(21) Ton Sai Waterfall  

        (ZMB 107857), n=6 

 

6 

 

 

6 

 

 

6 

 

       36 

       6.0 

 

       21 

       3.5 

 

       28 

       4.7     

 

  

47 

7.8 

 

32 

5.3 

 

37 

6.2 

 

35 

5.8 

 

14 

2.3 

 

22 

3.7 

 

18 

3.0 

 

9 

1.5 

 

11 

1.8 

 

14 

2.3 

 

2 

0.3 

 

4 

0.7 

 

150 

25.0 

 

78 

13.0 

 

102 

17.0 
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Table 12 (Continued). 
 
Location                                  

 
Brood pouch 

(N) 

        
     Embryo 
 

 
Size of number of progeny (mm) 

<0.5       0.5-1.0      1.0-1.5     > 1.5 

 
Total 
(N) 

 
MCT7 

(22) Lam Ta Klong  

        (SUT 0210010), n=6 

 

(23) Yod Leung Stream  

        (SUT 0210027), n=7 

 

(24) Kha Aon Waterfall    

        (SUT 0210033), n=6 

 

6 

 

 

7 

 

 

6 

        

       27 

       4.5 

 

       64 

       9.1 

        

       41 

      6.8      

  

35 

5.8 

 

53 

7.6 

 

67 

11.2 

 

21 

3.5 

 

37 

5.3 

 

34 

5.7 

 

9 

1.5 

 

10 

1.4 

 

8 

1.3 

 

2 

0.3 

 

9 

1.3 

 

6 

1.0 

 

94 

15.7 

 

173 

24.7 

 

156 

26.0 

MCT8 

(25) Klong Sai   

       (SUT 0210026), n=9 

 

(26) Klong Muang   

       (ZMB 107867), n=6 

 

(27) Wipawadee Waterfall 

         (SUT 0210028), n=6 

 

8 

 

 

          5 

 

 

5 

 

 

      14 

      1.8 

 

       7 

       1.4 

 

       14 

       2.8 

  

23 

2.9 

 

37 

7.4 

 

46 

9.2 

 

18 

2.3 

 

26 

5.2 

 

38 

7.6 

 

14 

1.8 

 

12 

2.4 

 

17 

3.4 

 

3 

0.4 

 

8 

1.6 

 

4 

0.8 

 

72 

9.0 

 

90 

18.0 

 

119 

23.8 

MCT9 

(28) Sra Keaw Pond  

       (SUT 0209013), n=6 

 

(29) Klong Hin Kow 

       (SUT 0209015), n=6 

 

          6 

 

           

          6 

 

       20 

      3.3 

 

      26 

     4.3 

  

25 

4.2 

 

37 

6.2 

 

28 

4.7 

 

30 

5.0 

 

31 

5.2 

 

22 

3.7 

 

9 

1.5 

 

4 

0.7 

 

113 

18.8 

 

119 

19.8 

MCT10 

(30) Klong Tub Sa Kae  

       (SUT 0210032), n=6 

 

6 

 

      22 

      3.7 

  

46 

2.3 

 

42 

7.0 

 

15 

2.5 

 

6 

1.0 

 

111 

18.5 

                      

                  Total, n=190     

                  

 

178 

 

     898 

     5.0 

  

1186 

6.7 

 

942 

5.3 

 

416 

2.3 

 

163 

0.9 

 

3555 

20.0 
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In addition, as comparisons number of embryonic stages of Melanoides tuberculata in 

every part of Thailand, in some more details representative adult shells from the north 

(n=36 specimens), the northeast (n=18 specimens), the central (n=12 specimens), the 

east (n=24 specimens), the west (n=42 specimens), and the south (n=58 specimens). 

As the total largest number of embryonic stages in brood pouch, with most stages 

being in the size range of up to 0.5 mm and 1.0 mm were found population snails 

from the north, the west and the south of Thailand, but only a  few more advanced and 

shelled embryos with a size of up to 1.5 mm (Figure 44).  

 

Figure 44. Number of embryonic stages of Melanoides tuberculata with the number 

of embryonic stages found for five different ontogenetic stages in brood pouch from 

every part of Thailand. Data are given for N=178; adult specimens from the north to 

the south collected at the end of the first wet season between July and December in 

2009, 2010; for the Central, East and Northeast, the snails collected at the beginning 

of the dry season of January until the end of May 2010.  

 

Thus, as revealed in is figure 45a, all average the amount of embryonic stages per 

brood pouch. The specimens without brood pouch (either eggs, early to late embryos 

or juveniles) were found the highest percentage of 17.2% (48 females from 58 

specimens) of adult shells without early ontogenetic stages or juveniles from the 
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populations in southern part, but the north and the west both found a very low 

frequency (in percentage) of adult specimens without brood pouch less than 3%, 

which are 97.2% and 97.6% of females with brood pouch, respectively (Figure 45b).  

 

Figure 45. Average number of progeny of Melanoides tuberculata from six parts in 

Thailand. (a) average number of progeny in all females studied, and (b) frequency (in 

percentage) of adults with and without any early ontogenetic stages or juveniles found 

in the brood pouch.   

 
Juvenile shell (Figure 46-47): As thiarids brood their young in a subhaemocoelic 

brood pouch (Figure 42a), situated in the neck region of the head foot, with the 

females giving birth to crawling juveniles with shells of up to five whorls, the various 

ontogenetic stages can be extracted from dissected animals. In the reference material 

from India that were found in n=7 specimens studied the maximum of 132 juveniles 

in a brood pouch (with only one animal being without brood pouch) (Table 9). The 

type specimens of the juvenile shell were found to have a maximum of five whorls 

and up to 2.4 mm of height (Table 13). The spiral ridges and axial ribs are distinct 

starting from the second whorl on (Figure 34a-d). The resulting reticulate sculpture 

was found in the early juvenile shell. In contrast, any nodulose features of the shell, as 

found e.g. in Pseudoplotia scabra (Figure 34e-h), were absent in M. tuberculata while 
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they were also found in M. jugicostis (Figure 34k-n). In this study, the snail 

specimens were found the shape of the embryonic shell varies within M. tuberculata. 

but this species usually shows the axial and spiral elements resulting in a more or less 

reticulate pattern, which was already found in the juvenile shell of M. tuberculata 

(Figure 46a-h, k-m). They had a diameter at the first whorl appears to be fairly 

constant, with about an average of 202–268 m for a total of 51 protoconchs in all ten 

morphs, also the size of the initial cap varies (Table 13). As indicated by the height 

and width parameter, it was on average larger size in three Melanoides characteristics 

(MCT1, MCT6, MCT8) than the other morphs (Table 13).  

 

Table 13. Number of progeny and shell parameters of Melanoides tuberculata found 

in the brood pouch (in m), comparison with syntypes of M. tuberculata (ZMB 

200313) and Pseudoplotia scabra (ZMB 200312) from India.  

 
    Morph          Height          Width        Diameter 

(a) ZMB 200313 (n=4)    mean  SD 118.5  8.7 94.3  4.3   237.0  10.4 

(b) ZMB 200312 (n=4)    mean  SD 150.5  6.5 103.0  5.3 227.5  6.5 

(c) MCT1 (n=4)                mean  SD 164.0  6.7 108.2  8.4 248.0  5.5 

(d) MCT2 (n=5)                mean  SD 132.0  10.5 114  6.3  240.2  11.8 

(e) MCT3 (n=4)                mean  SD 128.1  3.0 98.4  5.7 235.0  7.3 

(f) MCT4 (n=4)                 mean  SD 138.4  3.2 95.0  6.5 228.0  5.2 

(g) MCT5 (n=6)                mean  SD 127.5  6.1 83.3  8.5 202.7  9.6 

(h) MCT6 (n=4)                mean  SD  172.4  10.5 105.4  9.2 252.5  6.5 

(k) MCT7 (n=4)                mean  SD 123.0  6.2 98.4  6.5  230.2  10.7 

(l) MCT8 (n=4)                mean  SD 188.5  12.4 125.5  8.3  268.1  13.5 

(m) MCT9 (n=4)               mean  SD 127.0  7.0 84.5  13.0  220.0  10.5 

(n) MCT10 (n=4)               mean  SD 134.9  8.8 101.3  5.3      236.5  9.3 
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Most of them were found the number of juveniles to vary between 8 and 11 juveniles 

per brood pouch, in size between 1–4 mm and up to 8 whorls when they were inside 

the brood pouch (Figure 46a), and the smaller ones had about four complete whorls. 

The fifth whorl in most of the older juveniles is much larger and about the size of half 

of the complete shell, with the axial and spiral patterns already quite similar to that in 

the adults. Size and sculpture of the embryonic shell was clearly different from some 

of those of the other populations (MCT1, MCT6, MCT8) in the north and the south of 

Thailand (Figure 47) that they had a distinct wrinkled sculpture of the initial cap 

(Figure 47d, h, n), with a more or less marked transition to subsequent whorls (Figure 

47e, k). As it was a typical for viviparous thiarid snails, such as Plotiopsis 

balonnensis, Sermyla venustula and Stenomelania denisoniensis from Australia 

(Glaubrecht et al., 2009). Whiles, only one population (MCT5) from the central part 

was found the juvenile shell had an axial ribs and crossed by strong spiral elements. 

There were up to four convex, 5-6 whorls, elongated shells. The sculpture of the first 

whorl was on the initial cap wrinkled to less smooth, with more clearly visible (Figure 

47a-d). All of evidents the juvenile shell of MCT5 were similar specimens of Sermyla 

venustula from Australia but the juveniles shells of S. venustula had a crossed by 

weak spiral elements and rounded whorls more than Melanoides (MCT5) studied. 

Thus, the details comparison revealed the juvenile shell features of M. tuberculata in 

variation of morphological characters of ten morphs were distinct from among 

individuals group and other populations closely similar and related thiarids.  
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Figure 46. Juvenile shell variations of morphological characters of Melanoides 

tuberculata from brood pouches. (a-d) Melanoides tuberculata Tharn Sa Wan 

Waterfall, Phayao Province (MCT2, SUT 0210003);(a) lateral view; (b) apical whorls, 

lateral; (c) apical view; (d) details of the protoconch. (e-h) Kathu Waterfall, Phuket 

Province (MCT3, SUT 0210023); (e) lateral view; (f) apical whorls, lateral; (g) apical 

view; (h) details of the protoconch. (k-n) Mang River, Nan Province (MCT4, SUT 

0210004); (k) Lateral view; (l) apical whorls, lateral; (m) apical view; (n) details of 

the protoconch. Scale bar = 200 μm.  
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Figure 47. Juvenile shell variations of morphological characters of Melanoides 

tuberculata from brood pouches. (a-d) Sai Yok Noi waterfall, Kanchanaburi Province 

(MCT5, SUT 0209016); (a) lateral view; (b) apical whorls, lateral; (c) apical view; (d) 

details of the protoconch. (e-h) Mae Mai waterway, Lampang Province (MCT6, SUT 

0210002); (e) lateral view; (f) apical whorls, lateral; (g) apical view; (h) details of the 

protoconch. (k-n) Klong Muang, Songkhla Province (MCT8, ZMB 107867); (k) 

Lateral view; (l) apical whorls, lateral; (m) apical view; (n) details of the protoconch. 

Scale bar = 200 μm.  

C 
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3. Radula (Figure 48-51): Snail samples were studied only refer to radula characters 

in this section. As reference the author used the radula (Figure 35a-d) of the 

topotypical material of M. tuberculata from India (ZMB 200313), again in 

comparison with topotypical material of Pseudoplotia scabra (ZMB 200312) also 

from India (Figure 35e-h). In the nominal species of Melanoides the taenioglossan 

radula was small and slender, between 51 and 132 rows of teeth (for n=100 specimens 

of 10 morphs), an average of 93.6 teeth rows, standard deviation = 17.7, with the 

length and width of the radula ribbon being correlated with apparently the shell height 

or size of the snail. The snails were found the rachidian or central teeth had a large 

central cusp, which was flanked by two to four slender denticles on both sides (Figure 

48a, c, e; Figure 50a, c, e). All specimens had a different the number cusps of central 

teeth for five patterns that comprised of 3-1-3 (49%), 4-1-4 (25%), 2-1-3 (9%), 3-1-4 

(10%) and 3-1-2 (7%) (Table 14-15). Its radula patterns were most similar to the 

topotypical specimens of M. tuberculata with a rachidian pattern of (3-4/1/3-4) 

(Figure 35c) and some specimens have a 2-3/1/2-3 pattern more similar to topotypical 

of Pseudoplotia scabra (Figure 35c) and M. jugicostis (Figure 36g). Two lateral teeth 

nearly in form to the rachidian, bearing also 2-5/1/2-5 with long central cusp flanked 

by sharper cusps. The lateralia show a prominent, elongated main cusp with mainly 

two to three smaller dentricles attached on the inner side and mainly three (rarely four 

or even five) dentricles outside (Figure 48a, c, e; Figure 50a, c, e). Marginal teeth long 

and spatulated, both inner and outer marginalia were in two pairs of parallel rows, 

with 8-10 long denticles of inner marginal cusps and 6-12 of dentricles of outer 

maginal (Figure 48b, d, f; Figure 50b, d, f). Moreover, The specimens were stained 

with 0.5% Eosin for permanent slides of radula, as can be seen in the comparison of 

the rachidian and the lateralia varies in Melanoides populations in Figure 49 and 

Figure 51, respectively.  
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Figure 48. Radula shape of denticles of the rachidian and the lateralia varies in 

Melanoides populations in comparison with Melanoides jugicostis. (a-b) Melanoides 

jugicostis, Erawan waterfall  (SUT 0210021_morph A); (a) lateral and central teeth 

(2-1-2), scale bar = 50 μm., (b) marginal teeth, scale bar = 50 μm.; (c-d) Melanoides 

tuberculata, Mae Mai waterway (SUT 0210002), (c) lateral and central teeth (2-1-3), 

scale bar = 50 μm., (d) marginal teeth, scale bar = 25 μm.; (e-f) Melanoides 

tuberculata, Klong Hin Kow, (SUT 0209015), (e) lateral and central teeth (3-1-2), 

scale bar = 50 μm., (f) marginal teeth, scale bar = 50 μm. 
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Figure 49. Radula shape of denticles of the rachidian and the lateralia varies in 

Melanoides populations stained with 4% Eosin. (a-b) Melanoides jugicostis, Erawan 

waterfall  (SUT 0210021_morph A); (a) lateral and central teeth (2-1-2), scale bar = 

50 μm., (b) marginal teeth, scale bar = 50 μm.; (c-d) Melanoides tuberculata, Mae 

Mai waterway (SUT 0210002), (c) lateral and central teeth (2-1-3), scale bar = 50 

μm., (d) marginal teeth, scale bar = 25 μm.; (e-f) Melanoides tuberculata, Klong Hin 

Kow, (SUT 0209015), (e) lateral and central teeth (3-1-2), scale bar = 50 μm., (f) 

marginal teeth, scale bar = 50 μm. 
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Figure 50. Radula shape of denticles of the rachidian and the lateralia varies in 

Melanoides populations in Thailand. (a-b) Klong Ra Canal (SUT 0210029);  (a) 

lateral and central teeth (3-1-3), scale bar = 50 μm., (b) marginal teeth, scale bar = 50 

μm.; (c-d) Klong Muang (ZMB 107867), (c) lateral and central teeth (3-1-4), scale bar 

= 25 μm., (d) marginal teeth, scale bar = 25 μm.; (e-f) Tharn Sa Wun waterfall (SUT 

0210003), (e) lateral and central teeth (4-1-4), scale bar = 50 μm., (f) marginal teeth, 

scale bar = 50 μm. 
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Figure 51. Radula shape of denticles of the rachidian and the lateralia varies in 

Melanoides populations in Thailand stained with 4% Eosin. (a-b) Klong Ra Canal 

(SUT 0210029); (a) lateral and central teeth (3:1:3), scale bar = 50 μm., (b) marginal 

teeth, scale bar = 50 μm.; (c-d) Klong Muang (ZMB 107867), (c) lateral and central 

teeth (3:1:4), scale bar = 25 μm., (d) marginal teeth, scale bar = 25 μm.; (e-f) Tharn 

Sa Wun waterfall (SUT 0210003), (e) lateral and central teeth (4:1:4), scale bar = 50 

μm., (f) marginal teeth, scale bar = 50 μm. 
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Table 14.  The number of cusps of radula teeth of Melanoides species in Thailand. 
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Table 15.  The pattern and number of cusps of various characteristics of radula teeth of Melanoides species in Thailand. 
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This study, it refers the data for support a differences trait in among group of 

Melanoides population snails because the radula is also useful on the level of species 

or between populations. In thiarids, unfortunately, the radula is apparently of only 

limited use in species distinction, it to be relatively constant and conservative in its 

essential features between species, while it is very variable in some details within 

species. Example Melanoides characteristics Thailand morph 8 (MCT8); there are 

Klong Sai (SUT 0210026), Klong Muang (ZMB 107867), and Wipawadee waterfall 

(SUT 0210028); were found from the south of Thailand that it was found radula to be 

variable in details of the denticle numbers and shape of rachidian for five patterns 

(2/1/3, 3/1/2, 3/1/3, 3/1/4, 4/1/4) under a considerably among individuals of one group 

even within the same morphology or species of snails. Thus, hardly providing distinct 

species-specific characters in some case. In addition, the number of denticles in the 

marginalia of Melanoides species is variable, without a specific pattern discernable 

that failed to find a distinct correlation between these minor differences in the 

dentition patterns of their radula within a given species or between individual 

populations or shell morphologies.  

 
Ecology: According to reports summarized in Glaubrecht (1996) and Glaubrecht et al. 

(2009), M. tuberculata lives on muddy and sandy to coarse and gravel bottom in 

nearly all lentic and lotic habitats throughout the tropics, from the headwaters to the 

estuaries, as it also tolerates brackish water conditions. In Thailand, it can be found in 

most freshwater habitats such as waterfalls, brooks, creeks, rivers, streams, lakes and 

ponds; it is also found in fairly polluted water and can live, as known also from 

Australia (Glaubrecht el al., 2009), in anthropologically influenced water bodies, such 

as irrigation canals and artificial lakes.   

 
Distribution: The distribution in Thailand is summarized in Brandt (1974), with all 

known location data for Thailand documented elsewhere (Krailas et al., 2009). 

 
Material examined (with locations marked with letters a-l in Figure 38):  
Thailand:  Klong Ra Canal, Lang Suan District, Chumphon Province (09 59’04.3” N 99 00’59.8” 

E) (SUT 0210029); Tharn Sa Wan Waterfall, Chiengmuan District, Phayao Province (18 51’22.7” 
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N 100 11’9.6” E) (SUT 0210003); Mae Sa Waterfall, Mae Rim District, Chiang Mai Province 

(18 54’17.6” N 98 54’12.9” E) (SUT 0210007, ZMB 107921); Huai Khayeng Stream, Thong Pha 

Phum District, Kanchanaburi Province (14 42’0.2” N 98 35’3.6” E) (SUT 0209017); Ban Ga Set 

Som Boon, Ni Kom Kum Soi District, Mukdaharn Province (16 20’08.4” N 104 33’34.9” E) 

(SUT 0210009); Plew Waterfall, Plew District, Chanthaburi Province (12 31’14.3” N 

102 10’35.4” E) (SUT 0209013); Kathu Waterfall, Kathu District, Phuket Province (7 55’49.4” N 

98 19’34” E) (SUT 0210023); Mang River, Bou Glur District, Nan Province (19 08’48” N 

101 09’21.4” E) (SUT 0210004); Kang Song, Wang Thong District, Pitsanulok Province 

(16 51’54.8” N 100 38’05.7” E) (SUT 0210005); Huai Lum Pau Dang, Thep Sathit District, 

Chaiyaphum Province (15 33’43.6” N 101 24’57” E) (SUT 0210008); 19+500 km of Drainage 

from Cha Um, Cha Um District, Phetburi Province (12 51’15.1” N 99 59’48.5” E) (SUT 

0210035); Khao Kheow Open Zoo Reservoir, Sri Racha District, Chonburi Province (13 12’45” 

N 101 03’50.2” E) (SUT 0209014); Sai Yok Noi Waterfall, Sai Yok District, Kanchanaburi 

Province (14 14’27.6”N 99 03’55.9” E) (SUT 0209016); Ban Mai Pai Jay Dee, Kamphang Saen 

District, Nakhonpathom Province (14 02’10.5” N 100 03’27.3” E) (SUT 0210018); Chainat Bird 

Park, Meung District, Chainat Province (15 12’26.5” N 100 09’21.9” E) (SUT 0210019); Sai Yok 

Yai Waterfall, Sai Yok District, Kanchanaburi Province (14 26’03.0” N 98 51’14.7” E) (SUT 

0210020); Wipawadee Waterfall, Donsak District, Suratthani Province (09 08’9.6” N 99 40’31.2” 

E) (SUT 0210022); Sai Ku Waterfall, Bang Sa Pan District, Prachuabkirikhan Province 

(11 14’21.8” N 99 21’36.1” E) (SUT 0210030); Mae Mai Waterfall, Mae Ta District, Lampang 

Province (18 07’1.8”N 99 37’35.1” E) (SUT 0210002); 42 km of Wang Thong, Wang Thong 

District, Pitsanulok Province (16 51’06.4” N 100 36’44.2” E) (SUT 0210006); Ton Sai Waterfall, 

Talang District, Phuket Province (08 01’32.4” N 98 21’58.8” E) (ZMB 107857); Lam Ta Klong, 

Pak Chong District, Nakhonratchasima Province (14 25’19.6” N 101 23’26.4” E) (SUT 

0210010); Yod Leung Stream, Nopphitam District, Nakhon Si Thammarat Province (08 38’10.5” 

N 99 45’11.6” E) (SUT 0210027); Kha Aon Waterfall, Bang Sa Pan District, Prachuabkirikhan 

Province (11 26’04.6” N 99 26’56.9” E) (SUT 0210033); Klong Sai, Meung District, Krabi 

Province (08 10’482” N 98 47’433” E) (SUT 0210026); Klong Muang, Khuan Niang District, 

Songkhla Province (08 05’772” N 98 48’535” E) (ZMB 107867); Wipawadee Waterfall, Donsak 

District, Surat Thani Province (09 08’9.6” N 99 40’31.2” E) (SUT 0210028); Klong Sai, Meung 

District, Krabi Province (08 10’482” N 98 47’433” E) (SUT 0210026); Klong Muang, Khuan 

Niang District, Songkhla Province (08 05’772” N 98 48’535” E) (ZMB 107867); Wipawadee 

Waterfall, Donsak District, Surat Thani Province (09 08’9.6” N 99 40’31.2” E) (SUT 0210028); 
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Klong Tub Sa Kae, Tub Sa Kae District, Prachuabkirikhan Province (11 29’40.1” N 99 36’20.3” 

E) (SUT 0210032).  

 
Discussion: 

Melanoides tuberculata is a viviparous and parthenogenetic snail that has occurred in 

many places around the world. The shell is a polymorphism and complication to 

identify the conchology of shell in this species to be distinctly separated from the 

other thiarid snails (i.e. genus Stenomelania spp.), as in this study the populations of 

M. tuberculata that almost were found in many locations in Thailand. It was the aim 

of the present account to provide the shell morphology, ontogeny, radula and 

biogeography data as basis to investigations, and their evolutionary consequences 

remain to be studied for Melanoides fauna in Thailand. They were summarized and 

discussed some of the relevant aspect and description here.  

 
Conchology:  

Species Melanoides tuberculata in Thailand were investigated difference shell 

morphologies based on conchology (i.e. shell sculptures, ornamentation, general 

shape, background colour, columellar band) and morphometric analyses of shell 

parameters of all specimens. These studies had shown that  sympatric individuals with 

similar external shell morphology, that here after the author refers to as morphs were 

closely related of shell morphology to one another group (morph) with different 

characters of shell or traits (Table 6), such as (1) the shape of body whorls with many 

sharp spiral lines or smooth shell i.e., broad shape and shell eroded in MCT3 and 

MCT7, side index 38.68 and 39.51 respectively (Figure 18c, Figure 19g); (2) the 

shells displayed colour ornamentation with appears spots or flames, and the shells 

present a sharpness of a dark band on the axial edge of aperture columellar band that 

were found those characters in MCT4 and MCT9, respectively (Figure 18d, Figure 

20k); (3) the shells appeared spots and growth lines in MCT5 (Figure 19e). (4) the 

medium to large size between 15 and 30 mm, with intensity of shell background 

colour was very pale to darkness, slender shape, shallow or deep suture with/without 

spots or flames or axial ribs in MCT1, MCT6, MCT8, MCT10 (Figure 18a-b, Figure 
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19f, Figure 20h, l). These characters of shell M. tuberculata were highly variations on 

their shell. Accordingly, the data of morphometric of shell parameters were analysed 

by comparisons with the ten morphs of type material (length of shell, mean = 20.7 

mm, sd = 2.7; width of shell, mean = 7.0 mm, SD = 1.2, number of whorl = 7 to10 

whorls). The populations of M. tuberculata (MCT2) were found a large size of adult 

shells from the north part to a small size from the south (figure 40), but except the 

specimens from MCT1, MCT6, MCT8 that they are very interesting on shell sculptures 

and shell parameters similarity in thiarid snails of both genus Stenomelania, Fischer 

(1885), it was essentially considered as subgenus of Melanoides (Morrison, 1954; 

Smith 1992) with the conchology of shells similar M. tuberculata (Glaubrecht et al., 

2009), and genus Neoradina, n. sp., which is reported only one species (Neoradina 

prasongi) at 7 km from Krabi to Kao Tong by Brandt (1974) for type specimens in 

Thailand based on shell morphology, reproductive and radula pattern for short note. 

They have not enough data to confirm on molecular genetics this species in now. 

Thus, it was necessary for working on molecular genetic studied to be unresolved 

situation of those species based on their shell morphology (see more in details in part 

IV). However, the divergent shell morphology might be attributed to an ecological 

effect (i.e., eco-phenotypic variation in response to locally varying environmental 

pressures) and ecological parameters may differ between the morphs. Clonal lines of 

taxa assigned to M. tuberculata have been shown to differ in several life characters, 

including growth rates, body size and rate of reproduction (Pointier et al., 1992), and 

these have been linked to competitive outcomes between morphs. As is very 

important to understand the environments, ecological circumstances such as the 

precipitation and hydrological fluctuations of many rivers and streams to exceed the 

amount of shell variations cause of ecophenotypical adaptations in shell and radula in 

response to a variable environment. 

 
Morphological variation and phenotype– Environment correlation: 

In general, freshwater gastropods were found to exhibit a pronounced individual 

conchological variability, which has been attributed to the environmental conditions 

of their habitats that widely fluctuate on a temporal and spatial scale (Rensch 1929, 
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1934; Glaubrecht 1993, 1996; Dillon 2000; Glaubrecht et al., 2009). However, even 

the most pronounced of those conchological features, such as shell size, shape and 

sculpture as well as colour, hardly allow for definite species identifications. In the 

morphometric analyses of shell parameters and evaluation of shell sculptures of 

specimens that were assumed to represent a same species, albeit the morphometric 

differences between the M. tuberculata ten morphs are statistically significant that 

they have a large shape and more slender shape from the north to the south (Figure 

39-40). Moreover, they exhibited intermediate characteristics with respect to the 

smooth shell to rough with axial ribs from the north to the south. For example, all 

specimens were smooth shell from the north and starting assigned to rough shell with 

medium axial ribs from the central to the south (Figure 41). In addition, while 

specimens of the elongate morph always had a few up to more axial ribs those of the 

oval-conical morph had always eroded and smooth shells i.e., MCT3, MCT7 (Figure 

37). The trend towards intermediate to ten morphs should be understanding of the 

genetic basis of phenotypical variation in general for gastropods, that it is help to be 

clearly in those species on different shell characters. Alternatively the divergent shell 

morphology might be attributed to an ecological effect i.e., eco-phenotypic variation 

in response to locally varying environmental pressures (Köhler & Deein, 2010). 

Interestingly, another studies were investigated the effects of chemical cues and 

conspecific density on thermal preferences in aquatic ectotherms (Gerald & Spezzano, 

2005). They prefered that the detection of risk related chemical cues may increase 

metabolic rate in gastropods resulting in rapid energy expenditure. In ectotherms, a 

heightened metabolism can be self-induced by moving towards warmer microhabitats. 

Hence, selection of higher ambient temperatures might be beneficial when exposed to 

many forms of stress as higher body temperatures allow snails to increase activity 

levels and exhibit anti-predator behaviors (Long et al., 1990). However, M. 

tuberculata complex were found under very different habitat conditions in waterfall, 

stream, pond, dam and river, with living both in standing water and running water. 

They embedded in mud or fine sand, some snails attached to stones, aquatic plants or 

decay leaves. It was reasonable to postulate that at different localities there were 

highly divergent selection pressures on the shell morphology.   
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Geographic distribution of Melanoides spp. in Thailand:  

The geographic distribution of the phylogeny obtained for the Thai Melanoides taxa, 

it is necessary to look into the geography and history of river systems in the region. 

River basins worldwide have been changed in general by two major 

palaeogeographical forces, (i) contraction/expansion caused by sea-level changes, in 

the case of Southeast Asia the advances and retreat of the South China Sea, and (ii) 

realignments caused by tectonic uplift and erosion (Glaubrecht & Köhler, 2004). 

Undoubtedly, sea-level retreat with the development of extended land areas and 

Pleistocene river basins as a manifestation of global climatic changes had profound 

effects on the distribution and evolution of Southeast Asian biota. For in Thailand 

were divided into six biogeographical consists of the North, Northeast (Khorat 

Plateau), Central valley, Western mountains, Southeast and South (Peninsular), based 

on unique geographic, precipitation, floral, and faunal features (Lekagul & McNeely, 

1988). They had significantly affected the zoogeography of the molluscs fauna in the 

country that were found throughout the country. For the Northern subregion, which is 

mountainous with intervening fertile valleys. These mountains are relatively low and 

covered primarily by tropical deciduous forest. The ranges of hills and mountains in 

the northern subregion are separated by river systems consists of the Ping, Wang, 

Yom, and Nan Rivers. These rivers flow southward through narrow valleys and into 

the plains of the Central valley where they merge to form the Chao Phraya river 

(Thailand’s major river). It was origin the specimens of M. tuberculata for three 

morphs (MCT2, MCT4, MCT6) from the North that all shells are smooth with a weak 

spiral lines (Figure 41). For the Central valley has a major river (Chao Phraya river), 

which empties into the Gulf of Thailand only a few kilometers of the south of the city. 

The Central valley is a plain consists of two portions such as (1) heavily dissected 

rolling plains in the north and the flat; (2) low-lying floodplain of the Chao Phraya 

river in the south. During the rainy season, this area becomes an immense inland sea 

of rice fields and is a major source of gastropoda such as M. tuberculata, Bithynia 

simensis, Filopaludina martensi, F. polygramma, Clea helena, Pila ampula etc., The 

delta floodplain of the Chao Phraya river forms numerous small channels that are 

joined by other rivers, such as Pa Sak from the northeast, the Chao Phraya River 
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flows towards the Gulf of Thailand. In this study was found only one morphs (MCT5) 

at Chainat province and Nakhonpathom Province. The shell is medium size, slender 

shape with axial ribs in each whorl (Figure 41). The southeast of Bangkok, which is a 

narrow coastal plain with interspersed mangrove thickets, with inland hills and rather 

isolated mountains which approach the coast at points, particularly near the 

Cambodian border in Chantaburi and Trat Provinces. This area represents the 

southeastern subregion of Thailand (Figure 7) that still have areas of tropical 

evergreen and semi-evergreen forest, and in many ways resemble the Southern 

Peninsular Region adjacent to Malaysia. The country side of the southeast has high 

hills in the center and along the eastern boundary with Kampuchea or Cambodia. A 

number of coastal hills extend to the sea in some areas and create a markedly indented 

coastline fringed with many islands. This area was found three morphs (MCT3, 

MCT5, MCT9) of M. tuberculata that exhibited by with or without axial ribs on the 

shells (Figure 41). Whereas the Northeast, which one of the most striking 

geographical features of Thailand is the Korat Plateau to the northeast of Bangkok. 

The southern edge of this plateau consists of an east to west line of hills and 

mountains that form the boundary with Cambodia. To the north and east is a vast area 

of cultivated land (primarily rice fields) with scattered deciduous forests that form 

part of the drainage basin of the Mekong River. Lower mountains and hills extend 

south to form the western edge of the plateau. The plateau is generally drier than the 

rest of Thailand, except for the peaks and slopes of the southern mountain chain, 

which have areas of evergreen cloud forest. Wet monsoon rains in the degraded 

forests of the flat central region of the plateau produce rapid runoffs, and the two 

primary rivers; they are comprises of the Mun river and the Chi river; frequently 

flood. Rivers in this region generally flow to the southeast and drain into the Mekong 

River, which forms the boundary between Thailand and Lao PDR. The Mekong River 

was studied with islands and was broken up by impassable rapids in this region. This 

area was found three morphs (MCT3, MCT4, MCT7) of M. tuberculata  that exhibited 

by smooth shell with weak spiral lines (Figure 41). In the Western mountains 

subregion begins due west of Bangkok. This subregion extends from Prachubkirykhan 

province in the south and northward along the Thai-Myanmar border. The mountains 
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in this subregion are more or less continuous from the Thanon Thongchai range in the 

north to the Tanao Sri range (Tanasserim range) in Kanchanaburi province, which in 

turn extends southward to the southern border of Myanmar. The region has a few 

large valleys and plains, many caves and waterfalls, considerable forest, many 

protected i.e., Huay Kha Khaeng and Kaeng Kra Jan National Parks, and gives rise to 

many rivers i.e., Kwae and Mae Klong Rivers. Because this region is largely 

undisturbed that can find the variations of shell morphology of M. tuberculata for five 

morphs (MCT2, MCT4, MCT5, MCT7, MCT10) and M. jugicostis (MCT11) (Figure 

41). Interestingly, for M. jugicostis exhibits a distribution ranging from the 

Kanchanaburi province in the north to the south of Thailand.  

In overall of Thiaridae snails almost were found in everywhere in Thailand 

from northern subregion to the southern Peninsula include the area of Thailand south 

of Kra isthmus to the Malaysian border, which is a distinct boundary at the Kra 

isthmus where a considerable number of Indochinese and Malaysian flora and fauna 

species reach their southern and northern limits, respectively. The rivers on the 

peninsula have produced extensive tidal flats with mangrove thickets. Although most 

of these rivers drain into the Gulf of Thailand, the mangrove thickets are most 

abundant on the west coast, with much smaller groves on the gulf side of the 

peninsula. Midway down the peninsula there are mountains along the Myanmar 

border (Tougard, 2001). Narrow passes in these mountains link Thailand and 

Myanmar. Slightly further south these ranges separate the Andaman and South China 

Seas at the Isthmus of Kra, and further south there are numerous large islands 

including Phuket on the west coast and Koh Samui on the east coast. The area 

between Nakhon Si Thammarat and Satun is connected by the Santakiri mountain 

range. The extreme southern part of Thailand is an overlapping region that contains 

fauna and flora from both Thailand and Malaysia, such as mammal and bird species 

found in the southern peninsula have characteristics related to those of the sundaic 

regions. Accordingly, in this studies were found M. tuberculata for six characters of 

shells i.e., MCT1, MCT3, MCT5, MCT6, MCT7, MCT8 and M. jugicostis, MCT11 

(Figure 41). Thus, they are various characters of shells and high trend of species 

diversity. The Thai peninsula is extremely important in the biogeography of Southeast 
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Asia, since it forms both a bridge and barrier to distribution of the northern and 

southern biotas.  

 
Radula:  

The mollusc radula is generally considered a conservative character with little 

variation on the species level (Fretter a& Graham, 1994). Nevertheless, the 

importance of radular characteristics at least in higher level classifications has been 

emphasized very early by Troschel (1856-1863). This study found taenioglossan 

radula pattern in all of Melanoides tuberculata of ten morphs that they exhibited 

between 51 and 132 rows with the length and width of radula ribbon being correlated 

with apparently the shell height of the animal. The radula was found variable in 

details of the dentricle numbers of the central cusps (rachidian) for five patterns 2/1/3, 

3/1/2, 3/1/3, 3/1/4, 4/1/4, but its radula patterns are most similar to the topotypical 

specimens of M. tuberculata (ZMB 200313) with a rachidian pattern of 3/1/3 for 49% 

of the total snail specimens almost everywhere of the sampling sites in Thailand 

(Figure 38, Figure 50a). However, as is evident from the data, the variations of 

rachidian morphology in all of M. tuberculata of ten morphs (Table 15) may be are 

also correlate with environment habitats, where these attached or crawled on different 

substrates for living or for food on the stones, aquatic plants, decay leaves or embed 

in mud or fine or rough sand. The entire impression is that of a thiarid type radula for 

it reveals features otherwise characteristic for Thiaridae that typically inhabit soft 

substrates where these detritus-feeders ‘brush’ food particles, such as diatomes from 

sandy to muddy substrates (Glaubrecht, 1996; Glaubrecht & Köhler, 2004). Among 

the Thiaridae group, the results are not an anatomical useful species-specific 

identification character of M. tuberculata and that species did not be reliably 

separated by means of the radular morphology. However, as is evident from the data 

the study based on radula character is an important for the basic of anatomy to 

identify species-specific of gastropod in Thailand.  

  
Ontogeny:  

The reproductive system of Melanoides tuberculata is remarkable for its simplicity, 

its parthenogenesis and its cephalic brood pouch. The apparent absence of males 
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contrasts with their occurrence and function in Malaysian Brotia which, otherwise, 

closely resembles Melanoides though it is far less abundant (Davis, 1971). Within the 

Thiaridae were found two distinct viviparous modes (r-and k-selection) that are 

correlated with the amount of nourishment provided by the female (Glaubrecht, 1996, 

1999; Schütt & Glaubrecht, 1999). In this studies, all of M. tuberculata the embryos 

develop within the pouch up to the stage of shelled juveniles. Their shells often 

comprised up to 5 or 7 whorls when hatching. The juveniles were nourished, 

supplementing the yolk provided with the egg, by matrotrophy, i.e. by nutrients 

secreted from a placenta-like epithelium lining the inside of the subhaemocoelic 

brood pouch. In addition, according to this studies M. tuberculata with viviparous 

mode were termed as k-brood pouch (kbp) strategist that they possessed less juveniles 

in their brood pouch and, thus, a lower intrinsic rate or reproduction (albeit potentially 

a higher amount of maternal investment). The other thiarid snails such as Thiara 

scabra and Tarebia granifera  have a similar kbp-strategy of M. tuberculata 

(Glaubrecht et al., 2009), as it is also found in Tylomelania and Pseudopotamis among 

pachychilids (Glaubrecht, 2006). Accordingly, species with ovo-viviparous mode are 

termed as r-brood pouch (rbp) strategist that they possessed many egg and veligers in 

the brood pouch and having a high intrinsic rate of reproduction, as e.g. in Thiara 

amarula, Ripalania queenslandica, Stenomelania aspirans and Sermyla riqueti. For 

species distinction features of the juveniles shells were generally neither sufficient nor 

better suited than those of adult shell (Glaubrecht et al., 2009). Interestingly, the 

juveniles shell of MCT5, morph 5 had 4-5 axial ribs and crossed by strong spiral 

elements, it was similar pattern of juveniles in genus Sermyla. Whereas,  the juveniles 

of M. tuberculata morph1, morph 6 and morph 8 from Klong Ra, Chumphon 

Province; Mae Mai waterfall, Lampang Province and Klong Muang, Songkhla (Figure 

47e-h, k-n), respectively that they had a similarly wrinkled apical whorl to the native 

Stenomelania denisoniensis, which is difficult to clearly separate it based alone on 

conchological characters of adult or juvenile shells and radula but on molecular 

studies (Glaubrecht et al. unpubl. data) revealed populations of M. tuberculata as 

genetically clearly distinct evolutionary entities to the population level. The 

development of the wrinkled shell in M. tuberculata is caused by a retarded 
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agglutination of primarily isolated calcium carbonate crystals during the process of 

calcification while the visceral mass of the embryo is shrinking due to the 

consumption of nutritive tissue during larval development (Riedel, 1993; Köhler & 

Glaubrecht, 2001). Apparently, the number of embryos and juveniles of M. 

tuberculata were found between 12 and 36 juveniles, an average of 20 juveniles per 

females. Similar numbers have also been given for another reported, such as M. 

tuberculata between up to some dozen (Abbott, 1948), 15 to 20 (Starmühlner, 1969), 

24 to 71 (Glaubrecht, 1996), and a maximum number of 265 (Starmühlner, 1976), 

whiles in Thiara scabra between 75 and 110 juveniles (Riech, 1937). Thus the 

numbers of developing young in the brood pouches increased with shell height of the 

parents except for a decline in the few very largest snails. 

 
Conclusion:   

Freshwater Melanoides tuberculata taxonomy were studied based on shell 

morphology, operculum, radula characters, embryos, juveniles, reproductive mode. 

On the morphometric, M. tuberculata ten morphs were statistically significant that 

they had a large shape and more slender shape from the north to the south. 

Interestingly, the shell shapes of MCT1, MCT2, MCT6 and MCT8 had a large size with 

more slender shape and suture shallow. The other morphs that they are small to 

medium size with scultures on shells. For radula, M. tuberculata is taenioglossan 

pattern with vary dentricle numbers of the rachidian but it almost found formula cusps 

3/1/3 for 49%. All of the collected snails were viviparous mode of termed as k-brood 

pouch (kbp) strategist with average of 20 juveniles per females. In addition, they had 

three characteristics differences of scultures on shell that consists of (1) with/without 

wrinkled apical whorl and (2) with strong axial ribs and crossed by medium spiral 

elements. Above all, M. tuberculata was a pronounced individual conchology 

variability i.e., shell, size, shape, sculpture, colour, relevant to the biogeography and 

environmental conditions of their habitats that widely fluctuate on a temporal and 

spatial scale.     
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Part IV: Molecular genetics 

Introduction: 

Melanoides snails is known to be polymorphic and variations in shell ornamentation 

allowed the definition of discrete entities referred to as morphs which were also 

distinguished from different localities in Europe, America, South Africa and 

Southeast Asia i.e., Lake Malawi, Madagascar, French West India, USA, Mexico, 

Brazil, Columbia, Indonesia, Vietnam and Thailand. They are tropical freshwater 

gastropod in family Thiaridae occupying permanent freshwaters such as lake, rivers, 

stream, waterfall in tropical and subtropical environments. In addition, Melanoides is 

parthenogenetic reproduction and thus produce clonal lines, which renders the 

application of the biospecies concept even more problematic. For example, in Africa 

there are at least 28 species named with in this genus but their systematics is 

unresolved, whiles Southeast Asia there are usually 9 species considered (Glaubrecht 

et al., 2009). Thus, Melanoides were classified based on shell morphology and radula 

(morphospecies) that it is problematic due to high ecophenotypical variation or 

plasticity (van Damme & Pickford, 2003). It makes adult shell shape and 

ornamentation unreliable characters (Davis, 1994). The same problem applies to 

radula morphology (Michel, 1994). To solve those, morphological methods and 

molecular methods are used investigate this species. For example, morphological 

studied and molecular studies had done for evidence to depict the relationships of 

snails in genus Melanoides in Lake Malawi and M. tuberculata snail populations in 

Egypt (Sorensen et al., 2005; Yousif et al., 2009). Accordingly, the result of this study 

in this work presents the phylogenetic of Melanoides species in Thailand compared 

with Melanoides from other regions (Table 16) that were obtained from Museum of 

Natural History, Berlin (ZMB), Germany. For the molecular procedure, the sequence 

alignment and the phylogenetic analysis were carried out by co-workers (Ms. France 

Gimnich) of the molecular laboratory of the Museum of Natural History, Humboldt 

University, Berlin, Germany.  
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Table 16. Lists the origin sampling areas were studied on phylogenetic tree based on 

partial sequence of ribosomal DNA (16S) and cytochrome c oxidase subunit I gene 

(COI).  

 
                         Snail group Locality/ Country 

                         ALE 

                         CTH 

Alexandria 

Central Thailand 

                         EGY 

                         ETH 

Egypt 

East Thailand 

                         FIJ Fiji 

                         FUT Futuna 

                         IDN Indonesia 

                         IDA India 

                         JAM Jamaica 

                         JAP Japan 

                         LAO Laos-PDR 

                         LMW 

                         MAD 

Lake Malawi 

Madagascar 

                         MLS Malaysia 

                         NEP Nepal 

                         NET 

                         NETH  

                         NTL 

Netherlands 

Northeast Thailand 

Australia 

                         QNL Queensland 

                         SIN 

                         STH 

Singapore 

South Thailand 

                         SUM Sumatra 

                         THA 

                         VIE 

Thailand 

Vietnam 

                         WAL 

                         WTH 

Wallis 

West Thailand 
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Results:  

The topologies obtained for the two genes analyzed are largely identified. Both 16S 

and COI gene topologies show almost identical phylogenetic relationship topologies 

(Figure. 52, 53). A concatenated tree was shown for all specimens and nodes support 

that were indicated by the Neighbor joining distance (Saitou & Nei, 1987). The 16S 

sequence data set comprised a total of 84 sequences (37 sequences for specimens 

from Thailand, 45 sequences for specimens from other regions and 2 sequences for 

outgroup) (Figure 52). Unfortunately, only dry shell material of M. jugicostis was 

available from five localities including the type material from Burma (Figure 27), 

these species lack from the molecular analyses. The tree was rooted using Paludomus 

siamensis as outgroup. It was remarkable that not only data of M. tuberculata was 

analyses but this study compared sequences of the DNA snail samples from Fiji and 

Lake Malawi such as, M. arthurii, M. nodicincta, M. simonsi and M. virgulata with 

the comparison specimens of M. tuberculata from Thailand, Madagascar and 

Southeast Asia. The phylogenetic trees were constructed using a partial sequences of 

16S and COI with a length of 680 and 700 nucleotides, respectively. In 16S gene tree, 

Melanoides spp. were divided into three groups consists of group 1, group 2 and 

group 3, which was divided into group 3A and 3B (figure 52). Three sequences of 

group 1 M. jugicostis (SUT 0210021 morph A, SUT 0210021 morph B, SUT 

0210025) from Erawan waterfall and Ramon waterfall in the west-south of Thailand 

appears as the sister clade group of M. tuberculata and two Melanoides spp. 

sequences from India (ZMB 107717, ZMB 113598) that were probably a same 

species with M. jugicostis in a well-supported group formed by Thai materials (Figure 

52), but this main work is concerning on Melanoides species clade from Thailand 

(orange texts in tree topology). For group 2, two Thai specimens of M. tuberculata 

(SUT 0209013, SUT 0209015) represented in a same clade with those of specimens 

from the North America (Jamaica) and the Southeast Asia (Indonesia, Nepal, India) 

with topotypes specimens (ZMB 200313) from India. They were separated clade from 

Lake Malawi (LMW), which was a clade composed of difference species of M. 

tuberculata specimens such as M. nodicincta, M. simonsi and only one species M. 

arthurii from Fiji (FIJ).  
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For group 3A and 3B, all Thai specimens appear in a same clade with five sequences 

(ZMB 107195, ZMB 107192, ZMB 107200, ZMB 107189, ZMB 107201) from Lake 

Malawi and one sequence (ZMB 114138) from Laos-PDR.  

 

Figure 52. Overall parsimonious tree based on a partial  sequence of ribosomal DNA 

16S using Neighbour-joining distance (Saitou & Nei, 1987). Color bars are indicating 

localities. Orange texts represents Thai specimens. Paludomus siamensis was used as 

an outgroup. See text for details. 
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The COI sequence data set comprises a total of 82 sequences (37 sequences for 

specimens from Thailand, 42 sequences for specimens from other regions and 3  

sequences for outgroup) (Figure 53). A concatenated tree was shown for all 

specimens and nodes support that were indicated by the Maximum parsimony (Fitch, 

1971). The tree was rooted using two species consists of Brotia spp. and Paludomus 

siamensis, as outgroup. The COI topology show group 1 M. jugicostis from Erawan 

waterfall (SUT 0210021) and Ramon waterfall (SUT 0210025) were sister group 

from Melanoides spp. It was consistently separated and different species of 

Melanoides spp. (Figure 53). For group 2, three Thai specimens of M. tuberculata 

(SUT 0209013, SUT 0209015, SUT 0210035) placed a closer relative to M. 

tuberculata (ZMB 107130) from Japan than the other specimens M. tuberculata from 

Laos, Egypt, Nepal, Madagascar, and M. nodicincta, M. simonsi from Lake Malawi. 

Whereas, two sequences of M. tuberculata (ZMB 107536, ZMB 107538) were 

appeared in a same clade with M. arthurii (ZMB 106401) from Fuji. Interestingly, 

group 3A (all M. tuberculata from Thailand, oranges texts in tree topology) was 

placed together with M. tuberculata from Malaysia, Laos-PDR, Vietnam and 

Singapore that they were very clear clusters group for representative samples from the 

Southeast Asia, also the same results to Madagascar and Lake Malawi (Figure 54). 

Only Lake Malawi was included M. virgulata and M. nodicincta in a clade. Group 3B, 

M. tuberculata (Thai specimens) from the west to the south of Thailand were placed 

together group. However, the result appeared the colonization took place separately in 

different regions (Southeast Asia, Madagascar, Lake Malawi), which are directly 

connected by biogeography (Figure 53). Thus, COI analysis showed complete 

consistency with specimens from Malaysia, Laos-PDR, Vietnam, Singapore, 

Madagascar, Lake Malawi and Thailand, were composed of other thiarid species in 

group 3.   
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Figure 53. Overall parsimonious tree based on a partial sequence of cytochrome c 

oxidase subunit I gene (COI) using Maximum parsimony (Fitch, 1971). Color bars are 

indicating localities. Orange texts represents Thai specimens. Paludomus siamensis 

was used as an outgroup. See text for details. 
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According to the results of both partial sequence of  16S gene and COI  gene DNA 

analyses were the same result, even in the comparison them that they had species-

level differences and clear separated to group 1 M. jugicostis, group 2 M. tuberculata 

and group 3, which was divided into group 3A and group 3B, respectively. Data sets 

support were shown four clades of Melanoides snails in Figure 52, 53. In the 16S and 

COI tree topology were group 2 lineages as delineated by molecular data of two 

sequences of M. tuberculata from the east part (SUT 0209013, SUT 0209015) and 

one sequence from the west part of Thailand (SUT 0210035). They were appeared in 

the same clade with type specimens (ZMB 200313) from India. Group 3, all of the 

sequences were separated from group 2 and type specimens of M. tuberculata. They 

were highly probably a different species from M. tuberculata to other species within 

family Thiaridae. Thus, it should be analyses sequences of both 16S and COI. Three 

types specimens of M. tuberculata (ZMB 200313), Stenomelania sp. (AY 010518.1) 

and Stenomelania aspirans (EF 382638.1) were used that they obtained from Museum 

of Natural History, Berlin (ZMB), Germany and GenBank (AY 010518.1, EF 

382638.1). All those were comparison with Thai specimens and some other regions. 

The tree was rooted using Paludomus spp. and Hemisinus cubanianus as out group. 

The Neighbour-joining tree topology of 16S divided the specimen sequences into four 

clades clades (group 1, group 2, group 3A, group 3B) that were identified, except for 

M. jugicostis and outgroup are very clear separated group. The same result of COI and 

16S analyses are supported and confirmed to different group between snail specimens 

group 2 and group 3 (Figure 54). According to the phylogenetic analyses, all of snail 

specimens in group 3 unknown-like M. tuberculata, which was in the same genus as 

Stenomelania spp. sequences. They were assigned to genus Stenomelania, which is a 

member of family Thiaridae. As is evidence related with parameter of size index 

(h/w) of shell with Turkey HSD method analysis that were clearly different size of 

population snails group, such as the snails in group 2 M. tuberculata have more 

slender shape than group 1 M. jugicostis and group 3 Stenomelania spp. it was 

statistically significant parameters (p < 0.05)  (Figure 55, Appendix F). Therefore, 

these preliminary results confirm both that the overall of Melanoides variations in 
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Thailand compared with other regions constitutes in a clade for the resolve the 

relationships between Melanoides species and other thiarid species in Thailand.    

 

 

Figure 54. Phylogenetic relationships between Melanoides spp. and Stenomelania 

spp. revealed by the analysis of the partial sequence of 16S ribosomal DNA used 

Neighbour-joining distance (Saitou & Nei, 1987). Color bars are indicating localities. 

Orange texts represents Thai specimens. Paludomus sp. and Hemisinus cubanianus 

were used as an outgroup. See text for details. 
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              Figure 55.  Box plots with the height/width (h/w) in mm of snail  

              specimens related with the COI, 16S tree topology of group 1: Melanoides  

              jugicostis, Group 2: Melanoides tuberculata and group 3 (3A and 3B):  

              Stenomelania spp. See in appendix F.  

 

Discussion: 

The tree topology of both partial sequence of ribosomal 16S gene and COI gene 

shows the same noticeable difference, Melanoides jugicostis collected from Erawan 

waterfall (SUT 0210021) and Ramon waterfall (SUT 0210025) in the West-South of 

Thailand, belonging to the sister groups of two well defined clades. The first time of 

species M. jugicostis was studied in term of shell morphology coupling with 

molecular analysis clearly showed for being the second species in genus Melanoides 

in Thailand. All data obtained from two methods supported the view of M. 

tuberculata is not a homogeneous taxon, but contains several quite divergent clades. 

Three sequences of COI gene tree topology seem to be a typical of different parts of 

the regions. In group 3, the specimens were separated between the Southeast Asia 

(Thailand, Malaysia, Laos-PDR, Vietnam, Singapore), Madagascar and Lake Malawi 
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by the biogeography. From gene tree, the results showed three major groups (group 1: 

M. jugicostis, group 2: M. tuberculata included type specimens and group 3: 

unknown-like M. tuberculata). Especially, the specimens in group 3 were separated 

from M. tuberculata clade that can be assigned to be other thiarid group. This study 

used Stenomelania sp. as a closer relative species to M. tuberculata than the other 

thiarid snails (Appendix G). The 16S ribosomal DNA sequences show topology of all 

Melanoides from Thai specimens exhibited into Stenomelania spp. group. Because, 

the present results indicated only morphological characters, then  it was not enough to 

determine species of Melanoides spp. In addition, Stenomelania spp. has never been 

recorded in Thailand.  

Accordingly, the results of phylogenetic tree is related size index parameters 

of height per width (h/w) of three major clade from the both tree topology. The 

morphometric differences between the three group are statistically significant (p < 

0.05). Thus, this study was shown preliminary data of Stenomelania spp. were widely 

distributions in Thailand.  

 

Conclusion: 

The data set for 16S ribosomal DNA analysis with Neighbour-joining tree constructed  

using  680 base pairs fragment showed distinctly separated species into three groups. 

They were Melanoides jugicostis in group 1, Melanoides tuberculata included type 

specimens in group 2and unknown-like M. tuberculata in group 3, which was in the 

same genus as Stenomelania spp. Including with shell morphology (size index 

parameters, h/w) using for species identification, similarity of the result was shown 

when compared to results of molecular analysis. Interestingly, the results shown 

Stenomelania spp. endemics in many areas of Thailand and was not in M. tuberculata 

taxon. Thus, this work is help to give the preliminary data of the new member, it was 

Stenomelania spp., in family Thiaridae in Thailand.  
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CHAPTER V 

 

DISCUSSION 
 

Species diversity of freshwater snail genus Melanoides spp. in Thailand were 

studied under the framework of shell morphology, radula, ontogenic stages (embryo, 

juvenile) and molecular genetics. In Thailand, Melanoides were reported for two 

species; comprise of Melanoides tuberculata and Melanoides jugicostis, based on 

shell morphology (Brandt, 1974). Shell morphology of two species can be 

differentiated by shell shapes and shell sculpture.  M. tuberculata has weak axial ribs 

and spiral lines on their whorl, but M. jugicostis has very strong ribs and 3 or 4 spiral 

lines on the base of body whorl (Brandt, 1974). Melanoides spp. were geographically 

widespread in Thailand. They had been greatly complicated by conchological 

variability within and among nominal species. Moreover, type specimens of M. 

jugicostis were presumably lost specimen, original description was cryptic 

explanation with essentially giving a shell figure by Hanley & Theobald (1874). This 

taxon was conchology different from M. tuberculata or other thiarids (Pseudoplotia 

scabra) such as shell morphology, juvenile shell features, radula and molecular 

studied. Types of M. tuberculata were found at Coromandel Coast, India. They were 

polymorphism and variation of shell ornamentation (Pointier 1989; Pointier et al., 

1993; Samadi et al., 1999; Pointier, 2001). The snails were studied more general 

interspecific characterization on shell features and shell parameters to identify 

Melanoides species in Thailand. This study, Melanoides snails were differentiated  

and grouped for 11 morphs (MCT1, MCT2, MCT3, MCT4, MCT5, MCT6, MCT7, 

MCT8, MCT9, MCT10, and MCT11). Adult shells have difference parameters of shell 

size such as height of shell, width of shell, height of body whorl, and height of the last 
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three whorls etc., and highly diverse variations of shell morphology, it made difficult 

to identify them. Thus, biometry analyses were useful tools for study characteristics 

shape pattern and rate of their evolution (Bocxlaer & Schultheiß, 2010). Geometric 

landmark morphometrics (GM) were used traditional morphometrics in order to 

compare different populations or relationships among the variable groups (Rohlf & 

Marcus, 1993; Zelditch et al., 2004; Sheets et al., 2006). In this work, eleven morphs 

presented quite nicely clustered point for M. jugicostis distinct group from all of M. 

tuberculata, which complies with Brandt’s report (1974). The GM data also was 

relative results with size index (h/w) between M. tuberculata and M. jugicostis. The 

box plots showed morphometric differences between two species (p<0.05), compared 

with M. tuberculata (syntypes) (See figure in Appendix H). Thus, GM techniques can 

be used for identification of species or genus but it was difficulty of taxonomy within 

species-specific of M. tuberculata based on shell morphology. Because Melanoides 

spp. exhibited polymorphism in shell, predominant parthenogenetic reproduction and 

environmental conditions resulting in negligible intra-population variability in these 

shell characteristics (Genner et al., 2004; Sorensen et al., 2005, Yousif et al., 2009). 

Consequently, the analysis of only shell morphology was not enough to classify 

species Melanoides spp. It was necessary to study taxonomy with comparative 

morphological aspects across these taxa based on embryo, juvenile, radula, and 

molecular genetics.  

 Melanoides tuberculata and M. jugicostis are viviparous and parthenogenesis  

with females brooding their juveniles in a subhaemocoelic brood pouch. The results 

of this study, Melanoides jugicostis have embryonic stage or shelled juveniles in the 

brood pouch of females from populations at two locations in Thailand, they were 

Ramon waterfall and Klong Cha Lung. The mode of reproductive was k-brood pouch 

(kbp) strategist that they possessed less juveniles (< 50 juvenile per brood pouch, 

except Melasma onca with 200 juveniles for eu-viviparous; >1000 for ovo-

viviparous) in their brood pouch. The snails of Erawan waterfall did not have embryo 

and juvenile in brood pouch. It might be the effect of seasonal period  and parasitic 

infection. All of M. tuberculata, the embryos developed within pouch up to the stage 

of shelled juveniles. The hatching snails had 5 or 7 whorls. Mode of reproductive 
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system was k-brood pouch (kbp) strategist. In addition, other thiarid snails having 

kbp-strategy in Thiara scabra and Tarebia granifera; Pachychilid snails in family 

Tylomelania and Pseudopotamis  (Glaubrecht, 2006; Glaubrecht et al., 2009). The 

study of ontogeny and shell morphology of their embryos and juvenile shells are 

generally sufficient to identify species better than adult shell (Glaubrecht et al., 2009). 

M. jugicostis had axial ribs and knobs on the third whorl of its shell. These 

characteristics also appear on the out-group snail samples, Pseudoplotia scabra. The 

shell of M. tuberculata had netlike shell sculpture, with no axial rib and knob. 

Moreover, some shells of M. tuberculata exhibits wrinkled apical whorl and highly 

characteristic reticular sculpture similar to Stenomelania denisoniensis. Five snail 

specimens (MCT1, MCT5, MCT6, MCT8, MCT10) were found to have wrinkled apical 

whorl. It was difficult to clearly separate of both species, based on conchological 

characters alone of juvenile shells (Glaubrecht et al., 2009). In addition, the typical 

wrinkled apical shell structure was believed two results in two overlapping processes: 

shrinking of the visceral mass of the embryo and the simultaneous agglutination of 

shell materials. M. tuberculata was related to the typically wrinkled apical shell and 

several viviparous Cerithioidean such as genus Brotia Adams, 1866; genus Tarebia 

Adams, 1854; genus Lavigeria Bourguignat, 1888 and genus Potadomoides Leloup, 

1953 (Riedel 1993; Glaubrecht 1996; Köhler & Glaubrecht 2001).     

Radula morphology of Melanoides spp. exhibited between 51 and 132 rows 

(n=122 specimens) with the length and width of radula ribbon being correlated with 

apparently the shell height of the animal. They are taenioglossan pattern. However, 

they can be differentiated by central tooth (rachidian) formula. The rachidian formula 

of M. tuberculata was 3-4/1/3-4 and that of M. jugicostis was 2-3/1/2-3. It was very 

distinct separated rachidian formula between M. tuberculata and M. jugicostis. In 

addition, the variation of rachidian morphology in gastropoda was correlated with 

environment habitats. For example, nine different species-specific radula 

morphologies were found in ancient lakes on Sulawesi, Indonesia. They were 

distinguished by shape and relative size of their denticulation. Soft substrate species 

had identical or very similar radulae to those found in river, whereas hard substrates 

often had strongly enlarged teeth (Rintelen et al., 2004). In this study, rachidian 
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formula of M. tuberculata showed five patterns in similar snails. A few reports 

refered classification species-specific with shell and radula patterns (Eldblom & 

Kristensen, 2003). Thus, they could not be reliably separated by means of the radula 

morphology to identify species-specific in individual morph of Melanoides in 

Thailand. 

Molecular phylogeny was constructed to infer the relationship of Melanoides 

spp. in Thailand by using marker independent in term of morphology and 

biogeography. The tree topology of both partial sequence of 16S ribosomal DNA and 

COI gene showed one species of Melanoides spp., it was Melanoides jugicostis from 

Erawan waterfall (SUT 0210021) and Ramon waterfall (SUT 0210025) in the west-

south of Thailand, as sister groups of two well defined clades. It is the first time to 

discover species of a new M. jugicostis classified by using shell morphology and 

molecular genetics. They were very distinct from the second species in genus 

Melanoides in Thailand. Shell morphology, radula, ontogeny and the monophyla 

determined by the two molecular analyses could be assigned two specimens from 

Erawan waterfall, Kanchanaburi province and Ramon waterfall, Phangnga province 

into species M. jugicostis.  

Regarding to the clade comprising specimens from Thailand in group 2 

compared with topotype specimens of M. tuberculata from India (ZMB 200313). COI 

sequence from three Thai specimens, two east (MCT9) and one west (MCT4) were 

appeared in the same clade.  

The data of COI and 16S analyses supported that M. tuberculata was not a 

homogeneous taxon. Three major groups were shown Group 1: M. jugicostis; Group 

2: M. tuberculata; and, Group 3: unknown-like M. tuberculata. The specimens of 

group 3 were separated from M. tuberculata clade. They could be clearly assigned to 

be other thiarid group. It can be assumed that Group 3 unknown-like M. tuberculata 

belongs to genus Stenomelania, Family Thiaridae. This genus has never been 

recorded in Thailand. Thus, the detail was not sufficient to identify this genus and 

identification was limited into M. tuberculata.  

Genus Stenomelania Fischer, 1885 was considered as subgenus of Melanoides 

(Morrison, 1954; Smith, 1992). The shell is large in size, slender, highly turred and 
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smooth shell. Two species were separated in Australia by Glaubrecht (2009); they 

were Stenomelania cf. aspirans Hinds, 1844 and Stenomelania denionenesis Brot, 

1877 (see Appendix G). Stenomelania cf. aspirans had eggs within the brood pouch 

(ovo-viviparous), whiles S. denionenesis had embryos and juveniles in brood pouch 

(eu-viviparous). Both species could clearly be separated from other species of 

Stenomelania spp. based on shell morphology, radula, and reproductive biology. 

However, S. denionenesis and M. tuberculata had a similar shell morphology, radula, 

embryos and juveniles. It was difficult to identify species base on morphological 

difference, but they could distinctly be separated species in the molecular level. 

Interestingly, this studied on species diversity of freshwater snails of the genus 

Melanoides spp. in Thailand. First, all of shells were classified based on shell 

morphology, ontogeny, and radula that could be divided into two groups of M. 

jugicostis and M. tuberculata. Second, ten morphs of M. tuberculata were indistinct 

different between morphs. Finally, phylogenetic tree showed clearly different three 

groups, Group 1 M. jugicostis; Group 2 M. tuberculata; and, Group 3 unknown-like 

M. tuberculata (Stenomelania spp.), which was in the same genus as Stenomelania 

spp. sequences.  

Thus, this preliminary data of Stenomelania spp. showed widely distributions 

in Thailand. Further studies are necessary to solve the phylogenetic and taxonomy in 

this species to be elucidating new aspects and the overall taxonomic framework for 

Stenomelania spp. in Thailand.  
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CHAPTER VI 

 
CONCLUSION 

 

The conclusions of this study were as follows: 

 
1. Taxonomy and Shell morphology: 

Three species and two genus in Family Thiaridae were found using morphology and 

molecular analysis. Melanoides spp. were found in Thailand consisting of Melanoides 

tuberculata and M. jugicostis. Most of M. tuberculata had weak axial ribs , shallow to 

medium suture, sculptured with spiral lines on the whorl. Whereas M. jugicostis has a 

special characteristics 8-12 strong axial ribs in each whorl and spiral sculpture with 3-

5 distinct spiral ridges pronounced on the bases of the last whorl. Stenomelania spp. 

cannot be distinctly separated from M. tuberculata based on shell shape, size and 

sculpture, but molecular analyses were clear-cut separation.  

 

2. Ontogeny:  

Melanoides tuberculata, M. jugicostis are viviparous and parthenogenesis. Females 

found embryos and juveniles in a subhaemocoelic brood pouch. The mode of 

reproductive was k-brood pouch (kbp) strategy. By ontogeny study, juvenile stage of 

M. jugicostis found to possess axial ribs and knobs on the third whorl of shell. M. 

tuberculata found netlike shell sculpture, wrinkled apical whorl (some shell), with no 

axial rib and knob. Stenomelania spp. found wrinkled pattern on apical whorl and 

strong reticular sculpture. 
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3. Radula: 

The radula of Melanoides is generally considered as a conservative character with a 

little variation on the rachidian. Therefore, species cannot be reliably separated by 

means of the radula morphology. However, they can be differentiated by central tooth 

(Rachidian) patterns. The rachidian formula of M. tuberculata and Stenomelania spp. 

were 3-4/1/3-4 (lateral cusps/central cusps/lateral cusps); and M. jugicostis was 2-

3/1/2-3 (lateral cusps/central cusps/lateral cusps). 

 

4. Molecular genetics:  

Phylogenetic trees of partial sequence of 16S gene and Cytochrome C oxidase I (COI) 

gene of Melanoides samples were compared to those of M. tuberculata, with 

Paludomus siamensis, Stenomelania spp. as out-group sample and in-group sample of 

Thiarid snail. The study confirmed that the topology of 16S gene and COI gene trees 

were similar. The DNA sequences could clearly be divided into three groups: Group 1 

M. jugicostis; Group 2 M. tuberculata; and, Group 3 unknown-like M. tuberculata, 

which were  the same genus as Stenomelania spp. It was assumed that Group 3 

unknown-like M. tuberculata belongs to genus Stenomelania, family Thiaridae. 

Interestingly, it has never been  reported concerning the genus Stenomelania  in 

Thailand. So, this study of Melanoides spp. was the first report of the existence of 

Stenomelania spp. in Thailand. 
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Appendices 
 

          Appendix A:   

          Reagents for staining / SEM of Radulae 

 

          Appendix B:   

          Reagents for DNA Extraction 

 

          Appendix C:  

          Reagents for DNA Electrophoresis and Staining Solution 

 

         Appendix D:  

         List the sampling sites of Melanoides spp. in Thailand 

 

         Appendix E:  

         Data for geometric morphometrics analysis from Thailand, Lake Malawi,  

         Madagascar Island, Vietnam, Lao and India 

 

        Appendix F: Table shows the relationships within or between group of snail  

        specimens group 1, M. jugicostis and group 2 (2A and 2B) with Turkey HSD  

         method analysis (p=0.05). 

       

         Appendix G: Shell morphology of Stenomelania spp.  

         (Reference from Glaubrecht et al., 2009) 

 

         Appendix H: Box plots  and Turkey HSD method analysis shows the  

         relationships within or between group of M. tuberculata (Mtub, n=478), M.  

         jugicostis (Mjug, n=114), and Syntypes of M. tuberculata (ZMUC 1602) (Synt,  

         n=7), (p=0.05). 
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Appendix A: Reagents for staining / SEM of radulae and juvenile 

(1)  10 % Sodium hydroxide  

Sodium hydroxide      10 g 

Add distilled water to a final volume of 100 ml 

(2)  2% Hydrochloric acid 

 Hydrochloric acid                 2 ml 

 Add distilled water to a final volume of 100 ml 

(3) 50% Ethanol 

95% Ethanol       50 ml 

           Distilled water       45 ml 

 Mixed well 

(4) 70% Ethanol 

          95% Ethanol       70 ml 

          Distilled water       25 ml 

          Mixed well 

      (5) 4% EosinY 

Eosin                 4 g       

95%Ethanol                       100 ml 
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Appendix B:  Reagents for DNA Extraction. 

(1) 0.5 M EDTA (pH 8.0) 

      EDTA (C10H14N2O8Na2.2H2O) (MW = 372.2)        186.1 g 

      NaOH (MW = 40)                             20 g 

     Add distilled water to a final volume of 1000 ml 

     Autoclaved before used 

 (2)  5 M NaCl 

      NaCl         292.2 g 

     Add distilled water to a final volume of 1000 ml       

 (3) 1 M Tris-HCl 

      Tris base       121.1 g  

      HCl        42 g 

     Add distilled water to a final volume of 1000 ml 

     Autoclaved before used   

      (4) 2X  CTAB 

    CTAB (Cetyltrimethyl ammonium bromide)       2 g   
     1.4 M  NaCl                28 ml of 5 M 

     10 mM EDTA (pH 8)              4 ml of 0.5 M 

     100 mM Tris-HCl           10 ml of 1 M 

    Add distilled water to a final volume of 100 ml 

    Autoclaved before used 

 (5) CTAB buffer 

     0.2% of 2-mercaptoethanol add 2X CTAB  

(6) Proteinase  K     

     Proteinase  K 20 mg/ml          20.0 l 

     Distilled water                 980.0 l  

     Mixed well and stored  -20ºC 

 (7) Chloroform  (CHCl3) 

 (8) Isopropanol 

 (9) TE buffer 10 mM Tris-HCl (pH 8.0)             1.0 ml of 1.0 M 

      1 mM EDTA (pH 8.0)                          200 l of 0.5M 

       

   ส
ำนกัหอ

สมุดกลาง
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Appendix C: Reagents for DNA Electrophoresis and Staining Solution. 

(1)   1X TAE buffer 

       Distilled water          490 ml 

       50X TAE buffer          10 ml 

(2)   2% Ethidiumbromide 

      Ethidiumbromide                 2 ml    

      Double distilled water                 100 ml 

(3)   10X TBE buffer 

      Tris base       107.8 g 

      Boric acid              55.0 g 

      EDTA                                 7.4 g 

             Add distilled water to a final volume of 100 ml 

      Autoclaved before used 

     (4) 1X TBE buffer 

                10X TBE buffer                 100 ml 

                Distilled  water                                               900 ml 

      (5) 6X tracking buffer 

                Bromophenol blue                        0.125 g 

                Glycerol       30 mg 

    20 mM Tris-HCl                         2.0 ml of 1 M 

    Add distilled water to a final volume of 100 ml 

      (6)  1.5% Agarose gel 

Agarose gel                1.5 g 

1X TBE buffer                100 ml 

Mixed well 

 (7)  Staining solution 

Ethidium bromide (10 mg/ml)                        10 l 

      Distilled water                100 ml 

     Mixed well. 
 

 

   ส
ำนกัหอ

สมุดกลาง
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Appendix D: List the sampling sites of snails Melanoides spp. in Thailand. 

Code No. Locality Latitude/ 
Longitude 

 Year 

SUT0210002   
 
 
SUT0210003   
 
 
SUT0210004   
 
 
SUT0210005   
 
 
SUT0210006   
 
 
SUT0210008   
 
 
SUT0210009   
 
 
SUT0210010   
 
 
 
SUT0210011   
 
 
 
SUT0209012 
 
 
SUT0209013 
 
 
SUT0209014   
 
 
SUT0209015 
 
 
SUT0209016 
 

Mae Mai Waterway, Mae Ta District, 
Lampang Province 
 
Tharn Sa Wun Waterfall, Chiengmuan 
District, Phayao Province 
 
Mang River, Bou Glur District,  
Nan Province 
 
Kang Song, Wang Thong District, 
Pitsanulok Province 
 
42 Km, Wang Thong District,  
Pitsanulok Province 
 
Huai Lum Pau Dang, Thep Sathit 
District, Chaiyaphum Province 
 
Ban Ga Set  Som Boon, Ni Kom Kum 
Soi District, Mukdaharn Province 
 
Lum Ta Klong (Khao Yai National 
Park), Pak Chong District, 
Nakhonratchasima Province 
 
Lum Ta Klong (Khao Yai National 
Park), Pak Chong District, 
Nakhonratchasima Province 
 
Plew waterfall, Plew District, 
Chantaburi Province 
 
Sar Keaw Pond, Meung District, 
Sarkeaw Province 
 
Khao Kheow Open Zoo Reservoir,      
Sri Racha District, Chonburi Province 
 
Klong Hin Kow Canal, Meuang 
District, Rayong Province 
 
Sai Yok Noi Waterfall, Sai Yok 
District, Kanchanaburi Province 

E 99˚37 ̕35.1˝ 
N 18˚07 ̕1.8˝ 
 
E 100˚11 ̕9.6˝ 
N 18˚51 ̕22.7˝ 
 
E 101o 09  21.4  
N 19o 08  48  
 
E 100o 38  05.7  
N 16o 51  54.8  
 
E 100o 36  44.2  
N 16o 51  06.4  
 
E 101˚24 ̕57˝ 
N 15˚33 ̕43.6˝ 
 
E 104o 33  34.9  
N 16o 20  08.4   
 
E 101˚23 ̕26.4˝  
N 14˚25 ̕19.6˝ 
 
E 101˚23 ̕26.4˝  
N 14˚25 ̕19.6˝ 
 
 
E 102˚10 ̕35.4˝ 
N 12˚31 1̕4.3˝ 
 
E 102˚03 ̕37.9˝ 
N 13˚49 ̕7.0˝ 
 
E 101˚03 ̕50.2˝ 
N 13˚12 ̕45.0˝ 
 
E 101˚23 ̕22.4˝ 
N 12˚36 3̕1.7˝ 
 
E 99˚03 ̕55.9˝ 
N 14˚14 ̕27.6˝ 

2010 
 
 
2010 
 
 
2010 
 
 
2010 
 
 
 
2010 
 
 
2010 
 
 
2010 
 
 
2010 
 
 
2010 
 
 
 
2009 
 
 
2009 
 
 
2009 
 
 
2009 
 
 
2009 
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Appendix D (Continued). 

Code No. Locality Latitude/ 

Longitude 

 Year 

SUT0209017 
 
 
 
SUT0210018 
 
 
 
SUT0210019 
 
 
SUT0210020 
 
 
 
SUT0210021 
 
 
 
SUT0210022 
 
 
 
SUT0210023 
 
 
SUT0210024 
 
 
SUT0210025 
 
 
 
SUT0210026 
 
 
SUT0210027 
 
 

Huai Khayeng Stream,  
Thong Pha Phum District, 
Kanchanaburi Province 
 
Ban Mai Pai Jay Dee,  
Kamphang Saen District,  
Nakhonpathom Province 
 
Chainat Bird Park,  
Meung District, Chainat Province 
 
Sai Yok Yai Waterfall,  
Sai Yok District,  
Kanchanaburi Province 
 
Erawan Waterfall,  
Sri Sa Wad District, Kanchanaburi 
Province 
 
Wipawadee Waterfall,  
Donsak District,  
Surat Thani Province 
 
Kathu Waterfall, Kathu District,  
Phuket Province 
 
Ton Sai Waterfall, Talang District,  
Phuket Province 
 
Ra Mon Waterfall, 
Ta Gua Thong District,  
Phangnga Province 
 
Klong Sai, Meung District,  
Krabi Province 
 
Yod Leung Stream, Nopphitam 
District, Nakhon Si Thammarat 
Province 

E 98˚35 ̕3.6˝ 
N 14˚42 ̕0.2˝ 
 
 
E 100˚03 ̕27.3˝ 
N 14˚02 ̕10.5˝ 
 
 
E 100˚09 ̕21.9˝ 
N 15˚12 ̕26.5˝ 
 
E 98˚51 ̕14.7˝ 
N 14˚26 ̕03.0˝ 
 
 
E 099˚08 ̕51.8˝ 
N 14˚22 ̕23.9˝ 
 
 
E 99˚40 ̕31.2˝ 
N 09˚8 ̕9.6˝ 
 
 
E 98˚19 ̕34˝ 
N 07˚55 ̕49.4˝ 
 
E 98˚21 ̕58.8˝ 
N 8˚1 ̕32.4˝ 
 
E 98˚28 ̕0.9˝ 
N 08˚27 ̕8.5˝ 
 
 
E 98˚47 ̕37.1˝ 
N 08˚10 ̕21.6˝ 
 
E 99˚45 ̕11.6˝ 
N 08˚38 ̕10.5˝ 
 

2009 
 
 
 
2010 
 
 
 
2010 
 
 
2010 
 
 
 
2010 
 
 
 
2010 
 
 
 
2010 
 
 
2010 
 
 
2010 
 
 
 
2010 
 
 
2010 
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Appendix D (Continued). 

Code No. Locality Latitude/ 

Longitude 

 Year 

SUT0210028 
 
 
SUT0210029 
 
 
SUT0210030 
 
 
SUT0210031 
 
 
SUT0210032 
 
 
SUT0210033 
 
 
SUT0210034 
 
 
 
SUT0210035 
 
 
SUT0210036 
 
 
SUT0210037 
 
 
SUT0210038 
 
 
ZMB107857 
 
 
ZMB107866 
 

Wipawadee Waterfall, Donsak 
District, Surat Thani Province 
 
Klong Ra Canal, Lang Suan District, 
Chumphon Province 
 
Sai Ku Waterfall, Bang Sa Pan 
District,  Prachuabkirikhan Province 
 
Sai Ku Waterfall, Bang Sa Pan 
District,  Prachuabkirikhan Province 
 
Klong Tub Sa Kae, Tub Sa Kae 
District,  Prachuabkirikhan Province 
 
Kha Aon Waterfall, Bang Sa Pan 
District,  Prachuabkirikhan Province 
 
Kha Aon Waterfall,  
Bang Sa Pan District,  
Prachuabkirikhan Province 
 
19+500 km of drainage from Cha-Um, 
Phetchaburee Province  
 
Klong Bang Bon, Kraburi District, 
Ranong Province 
 
Klong Yan, Wipawadee District, Surat 
Thani Province 
 
Klong Pa Liean, Yan Ta Kow District, 
Trung Province 
 
Phuket, Tom Sai, near Wat Phra 
Thong 
 
Klong Sai, Khao Tong, Highway to 
Krabi, Krabi Province 

E 99˚40 ̕31.2˝ 
N 09˚8 ̕9.6˝ 
 
E 99˚00 ̕59.8˝ 
N 09˚59 ̕04.3˝ 
 
E 99˚21 ̕36.1˝ 
N 11˚14 ̕21.8˝ 
 
E 99˚21 ̕36.1˝ 
N 11˚14 ̕21.8˝ 
 
E 99˚36 ̕20.3˝ 
N 11˚29 ̕40.1˝ 
 
E 99˚26 ̕56.9˝ 
N 11˚26 ̕04.6˝ 
 
E 99˚26 ̕56.9˝ 
N 11˚26 ̕04.6˝ 
 
 
E 99˚59 ̕48.5 ˝ 
N 12˚51 ̕15.1˝ 
 
E 98˚46 ̕48.7 ˝ 
N 10˚20 1̕0.8˝ 
 
E 98˚57 ̕20.3˝ 
N 09˚12 1̕2.8˝ 
 
E 99˚40 ̕51.6˝ 
N 07˚22 1̕1.5˝ 
 
E 98˚ 21 ̕ 77˝   
N 08˚ 01 ̕ 673˝   
 
E 98˚ 47 ̕ 433˝      
N 08˚ 10 ̕ 482˝ 
 

2010 
 
 
2010 
 
 
2010 
 
 
2010 
 
 
2010 
 
 
2010 
 
 
2010 
 
 
 
2010 
 
 
2010 
 
 
2010 
 
 
2010 
 
 
2010 
 
 
2010 
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Appendix D (Continued). 

Code No. Locality Latitude/Longitude  Year 

ZMB107867 
 
 
 
ZMB107868 
 
 
 
 
ZMB107875   
 
 
 
ZMB107876    
 
 
 
ZMB107913    
 
 
 
 
 
ZMB107921 
 
 
 
SUT0213042   

Klong Muang,  
W of Ko Nang to Kao Tong,
Krabi Province 
 
Yod Leung Stream, 
Nopphitam District,  
Nakhon Si Thammarat 
Province 
 
Wipawadee Waterfall, 
Donsak District,  
Surat Thani Province 
 
Klong Ra Canal, Lang 
Suan District, Chumphon 
Province 
 
Ban Mae Tha, SE of 
Lampang, from NE to 
 Mae Nam Wang River 
drainage, Lampang 
Province 
 
Mae Sa Waterfall, Mae 
Rim District, Chiang Mai 
Province 
 
Klong Cha Lung, Meung 
District, Satun Province 

E 98˚ 48 ̕ 535˝      
N 08˚ 5´772˝   
 
 
E 99˚45 ̕11.6˝ 
N 08˚38 ̕10.5˝ 
 
 
 
E 99˚40 ̕31.2˝ 
N 09˚8 ̕9.6˝ 
 
 
E 99˚ 0 ̕ 786˝   
N 09˚ 59´189˝   
 
 
E 99˚37 ̕414˝   
N 18˚ 7 ̕ 117˝   
 
 
 
 
E 98˚54 ̕ 055˝   
N 18˚ 54 ̕ 334˝   
 
 
E 100˚03 45.2˝   
N 06˚ 43 ̕ 37.2˝   
 

2010 
 
 
 
2010 
 
 
 
 
2010 
 
 
 
2010 
 
 
 
2010 
 
 
 
 
 
2010 
 
 
 
2013 
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Appendix E: Data for geometric morphometrics analysis from Thailand, Lake 

Malawi, Madagascar Island, Vietnam, Lao and India. Scale bar = 1 cm. 

 
Thailand : 

 
No. Collections no. No. 

speciments 

No.  

photo 

Locality Shell pho. 

1 SUT 0210002 6 6 Mae Mai Waterway, 
Mae Ta District, 
Lampang Province 
 

 

2 SUT 0210003 2 2 Tharn Sa Wun 
Waterfall, 
Chiengmuan 
District,  
Phayao Province 

 

3 SUT 0210004 9 9 Mang River,  
Bou Glur District,  
Nan Province 

 

4 SUT 0210005 6 6 Kang Song, Wang 
Thong District, 
Pitsanulok Province 
 
 

 

5 SUT 0210006 2 2 42 Km, Wang 
Thong District, 
Pitsanulok Province 
 

 

6 SUT 0210007 6 6 

 

Mae Sa Waterfall, 
Mae Rim District, 
Chiang Mai 
Province 
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7 SUT 0210008 8 8 Huai Lum Pau 
Dang, Thep Sathit 
District, 
Chaiyaphum 
Province 
  

8 SUT 0210009 19 19 Ban Ga Set  Som 
Boon, Ni Kom Kom 
Soi District, 
Mukdaharn 
Province 

 

9 SUT 0210010 14 14 

 

 

 

 

Lum Ta Klong 
(Khao Yai National 
Park), Pak Chong 
District, 
Nakhonratchasima 
Province 

 

10 SUT 0209012 11 7 

 

 

 

 

Plew Waterfall 
Stream, Plew 
District, 
Chanthaburi 
Province 

 

11 SUT 0209013 2 2 Sra Keaw Pond, 
Meung District, 
Sarkeaw Province 
 
 
 

 

12 SUT 0209014 10 7 Khao Kheow Open 
Zoo Reservoir, Si 
Racha District, 
Chonburi Province 
 

 

13 SUT 0209015 28 28 Klong Hin Kow 
Canal, Meuang 
District, Rayong 
Province 
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14 SUT 0209016 22 22 Sai Yok Noi 

Waterfall,  
Sai Yok District, 
Kanchanaburi 
Province 

 

15 SUT 0209017 9 9 Hui Khayeng 
Stream, Thong Pha 
Phum District, 
Kanchanaburi 
Province 

 

16 SUT 0209018 8 8 Ban Mai Pai Jay 
Dee, Kamphaeng 
Saen District, 
Nakhonphathom 
Province 
  

17 SUT 0210019 8 8 Chainat Bird Park, 
Meung District, 
Chainat Province 
 

 

18 SUT 0210020 3 3 Sai Yok Yai 
Waterfall,  
Sai Yok District, 
Kanchanaburi 
Province 
  

19 SUT 0209022 6 6 Wipawadee 
Waterfall, Donsak 
District, Surat Thani 
Province 
 

 

20 SUT 0210023 6 6 Kathu Waterfall, 
Kathu District, 
Phuket Province 
 

 

21 SUT 0210024 6 5 Ton Sai Waterfall, 
Talang District, 
Phuket Province 
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22 SUT 0210026 > 30 30 Klong Sai, Meung 

District, Krabi 
Province 
 
 

 

23 SUT 0210027 >20 20 Yod Leung Stream, 
Nopphitam District,  
Nakhon Si 
Thammarat 
Province 

 

24 SUT 0210028 9 5 Wipawadee 
Waterfall, Donsak 
District, Surat Thani 
Province 
 
 
 

 

25 SUT 0210029 >20 13 Klong Ra Canal, 
Lang Suan District, 
Chumphon Province 
 
 

 

26 ZMB 107857 29 21 Phuket, Ton Sai,  
near Wat Phra 
Thong 
 
 

 

27 ZMB 107876 >30 25 S of Chumphon, 
creek NW of Lang 
Suan, on road to 
Phato, turn right, 
after 5 km from NW 
junction 

 

28 SUT 0210030 
 

>15 11 Sai Ku Waterfall, 
Bang Sa Pan 
District,  
Prachuabkirikhan 
Province 
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29 SUT 0210032 

 
2 2 Klong Tub Sa Kae, 

Tub Sa Kae District,  
Prachuabkirikhan 
Province 
 
 

 

30 SUT 0210033 
 

18 7 Kha Aon Waterfall, 
Bang Sa Pan 
District,  
Prachuabkirikhan 
Province 
 

 

31 SUT 0210034 20 11 Kha Aon Waterfall, 
Bang Sa Pan 
District,  
Prachuabkirikhan 
Province 

 

32 ZMB 107867 > 30 24 W of Ko Nang to 
Kao Tong,  
West  of Krabi   
(Klong Muang) 

 

33 SUT 0210035 
 
 
 
 

8 8 Rabuy nam door, 
Phetchaburee 
province, Thailand 

 

34 SUT 0210021 
 

30 26 

 

Erawan Waterfall, 
Sri Sa Wad District, 
Kanchanaburi 
Province 

 

 

35 SUT0210021    
morph B 

30 24 Erawan Waterfall, 
Sri Sa Wad District, 
Kanchanaburi 
Province 
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36 SUT 0210025 20 10 Ra Mon Waterfall, 

Ta Gua Thong 
District, Phangnga 
Province 
 

 

37 SUT0210036 5 4 Klong Bang Bon 
Kraburi District, 
Ranong Province 
 

 

38 SUT 0210037 5 5 Klong Yan, 
Wipawadee District, 
Suratthani Province 
 

 

39 SUT0210038 6 5 Klong Pa Lien, Yan 
Ta Khao District, 
Trang Province 
 

 
40 Type specimens 

Hanley & 
Theobald, 1876 
(Only drawing 
picture) 

1 1 

 

 

 

 

Tenasserim river, 
Burma (Cambodia) 
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Madagascar Island:  

 
No. Collections no. No. 

speciments 

No.  

photo 

Locality Shell pho. 

1 ZMB 127015 
(02a) 
M. tuberculata 

1 1 Madagascar: 
Manandaza(stream)
, river Basin: 
Tsiribihina, 1 km 
upstream since 
confluence with 
Tsiribihina, 63 m 
 

 

2 ZMB 127016 
(09a)                    
M. tuberculata 

3 2 

 

 

 

 

 

Madagascar : 
Andranomandeha 
(Stream), River 
Basin: Tsiribihina, 
Bridge close to 
Andranomandeha, 
on the road 
between Belo and 
Tsaraotana, 12 m 
 

 

3 ZMB 127039 
(20a)                 
M. tuberculata 

2 2 

 

 

 

 

 

Madagascar : 
Managnatrana 
(tributaryZomandao
), River Basin : 
Mangoky upper 
part, First bridge 
RN7 to the north of 
larintsena, 942 m 

 

4 ZMB 127019 
(23a)                  
M. tuberculata 

4 

 

 

 

4 

 

 

 

Madagascar: lhosy 
(Stream), River 
Basin : Mangoky 
upper part, First 
bridge RN7 to the 
south after lhosy,  
773 m 
 

 

5 ZMB 127021 
(27a)                 
M. tuberculata 

2 2 Madagascar: 
Beroroha, Ambinda 
(Stream), River 
Basin: Mangoky, 
Road to the airport 
from Beroroha, first 
bridge, acces 
difficult, 239 m 
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6 ZMB 127022 
(30a)                 
M. tuberculata 
 
 
 
 
 

1 1 Madagascar: 
Fanjakana, Canal 
for rice field, River 
Basin: Mangoky, 
Bridge on the road 
going to the south 1 
km after Fanjakana, 
170 m 

 

7 ZMB 127026 
(34b)                 
M. tuberculata 

6 6 Madagascar: Llova, 
River Basin : 
Fiherenana, Road 
to the north 9 km 
from Mahaboboka 
to the east on RN7, 
342  

8 ZMB 127031 
(49a)                 
M. tuberculata 

9 8 Madagascar: 
Fenoanndala, 
Tributary of 
Onilahy, River 
Basin : Onilahy, 
Bridge (radier) after 
Sakamalilo on the 
road to Benenitra,  
143 m 
 

 

 

9 ZMB 127034 
(52b)                 
M. tuberculata 

30 16 Madagascar: 
Benenitra, 
Tributary Onilahy, 
River Basin : 
Onilahy, Tributary 
Onilahy left bank, 7 
km downstream of 
Benenitra, 206m 

 

10 ZMB 127036 
(55a)                 
M. tuberculata 

22 4 Madagascar: 
Tongobory, 
Onilahy (stream), 
River Basin: 
Onilahy, Right 
bank of Onilahy, 2 
km downstream 
lfanato, place called 
the 7 lakes, 76 m 
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Lake Malawi : 

No. Collections no. No. 

speciments 

No.  

photo 

Locality Shell pho. 

1 ZMB107185           
M. tuberculata 

20 13 Malawi; Kaporo, 
little creek under 
bridge 500 m W 
of Lake Malawi 
shore (AM06.47 

 

2 ZMB107204 
M. tuberculata 

> 20 17 Malawi; Lake 
Malawi: N of 
Chipoka, 
offshore:between 
Namkoma Island 
and lake shore 

 

3 ZMB107187           
M. tuberculata 

15 6 Malawi; 2 km N 
of Karonga, small 
pond beside Lake 
Chamavi 
(Manchavala) 

 

4 ZMB107188           
M. tuberculata 

5 5 Malawi; 2 km N 
of Karonga, small 
pond beside Lake 
Chamavi 
(Manchavala) 

  

5 ZMB107198           
M. tuberculata 

13 10 Malawi, Lake 
Chamawi (ponds 
next to Rukuru 
River) 50 m from 
the shoreline of 
Lake Malawi, 1 
km N of Karonga 
(BOMA) 

 

6 ZMB107193           
M. tuberculata 

2 2 Malawi: Lake 
Malawi; 
Chilumba, rocky 
shore next to 
DEMAG harbour 
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7 ZMB107197           
M. tuberculata 

11 9 Malawi, Lake 
Chamawi (ponds 
next to Rukuru 
River) 50 m from 
the shoreline of 
Lake Malawi, 1 
km N of Karonga 
(BOMA) 

 

8 ZMB107199           
M. tuberculata 

12 10 Malawi: Lake 
Malawi; N of  
Chipoka, shore 
300 m N of small 
harbor, 

 

9 ZMB107181 
M. tuberculata 

1 1 Malawi; Lake 
Malawi: Ngora 
Resort (Ngora 
Town), beach 
between restaurant 
& hot springs  

 

Lao : 

No. Collections no. No. 

speciments 

No. 

 photo 

Locality Shell pho. 

1 ZMB114354 7 2 Laos : Vientiane, 
Ban Pha Xan, 
highway 13 
 
 
 

 

2 ZMB114441 14 5 Laos : Vientiane 
Chin River in 
Phönhong, 
highway 13 
 
 
 

 

3 ZMB114966 7 2 Laos : Champasak 
Province 
Creek Nam on in 
Ban Nam on, 20 
km S Pakxe 
(Gravel, rocks) 
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4 ZMB114970 11 11 Laos : 
Savannakhet 
Province 
Clear Creek 
Houay Thakao 
with sandy to 
gravel bottom, 23 
km W Xeno 
 

 

5 ZMB114974 4 4 Laos : Sekong 
Province 
Route 16 km 61, 
small river 4 km 
SE  
Sekong (mud, 
sand, rocks)  

6 ZMB114977 >10 5 Laos : 
Savannakhet 
Province 
Clear creek 
Houay Moung, 10 
km NE 
Xeno (snails on 
rock and mud) 
 

 

 

 

Vietnam : 

No. Collections no. No. 

speciments 

No.  

photo 

Locality Shell pho. 

1 ZMB114138 >15  10 Vietnam, Prov,  
Hoa Binh: Mai 
Chau 
 

 

2 ZMB114159 7 3 Vietnam, Prov.  
Lao Cai: Ca. 10 
km S Lao Cai 
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3 ZMB114346 7 2 Vietnam : Thanh 

Hoa: Coast N of 

Nha Trang  

 

4 ZMB114345 12 9 Vietnam: Quang 

Nam: Nam Giang 

District Cai Dy 

between Thanh 

My and Kontum 

  

5 ZMB114351 11 5 Vietnam: Quang 

Tri: Quang Tri 

River near Quang 

Tri, lower course 

 

 

India : 

No. Collections no. No. 

speciments 

No.  

photo 

Locality Shell pho. 

1 syntypes material 

(ZMUC-1602)  

3  3 

 

 

 

India 
 

 

2 ZMB200326 2 2 Bundestaat 

Karnataka, India 
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Out group : 

No. Collections no. No. 

speciments 

No.  

photo 

Locality Shell pho. 

1 Syntypes of 

Pseudoplotia 

scabra, India 

3  3 

 

 

 

Coromandel 
Coast, India 
 

 

 
 
 

Appendix F: Table shows the relationships within or between group of snail specimens 

group 1, M. jugicostis and group 2 (2A and 2B) with Turkey HSD method analysis  

(p=0.05). Gr.1 = group 1 M. jugicostis (n=57), Gr. 2 = M. tuberculata (n=42), Gr.3A 

(n=332), 3B (n=224) = Stenomelania spp.  

Multiple Comparisons 

Tukey HSD      

(I) 
VAR0
0010 

(J) 
VAR0
0010 

Mean 
Difference  

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Gr.1 Gr.2 -.39848* .06652 .000 -.5698 -.2271 

Gr.3A -.13721* .04690 .019 -.2580 -.0164 

Gr.3B -.13741* .04855 .025 -.2625 -.0124 

Gr.2 Gr.1 .39848* .06652 .000 .2271 .5698 

Gr.3A .26127* .05357 .000 .1233 .3993 

Gr.3B .26107* .05502 .000 .1193 .4028 

Gr.3A Gr.1 .13721* .04690 .019 .0164 .2580 

Gr.2 -.26127* .05357 .000 -.3993 -.1233 

Gr.3B -.00020 .02832 1.000 -.0732 .0727 

Gr.3B Gr.1 .13741* .04855 .025 .0124 .2625 

Gr.2 -.26107* .05502 .000 -.4028 -.1193 

Gr.3A .00020 .02832 1.000 -.0727 .0732 

*. The mean difference is significant at the 0.05 level.  
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Appendix G: Shell morphology of Stenomelania spp. (a-c): Stenomelania cf. aspirans 

(Hinds, 1844). (a) Fiji, Sovi River (ZMB 106397); (b) Australia: QLD, Mowbray River 

(ZMB 106344); (c) Australia: QLD, Mowbray River (ZMB 106171); (d-e): 

Stenomelania denionensis (Brot, 1877). (d) QLD, Alice River (ZMB 104145); (e.) 

Syntypes (MHNG); Queensland, Port Denison. Scale bar = 1 cm. (Reference from 

Glaubrecht et al., 2009) 
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Appendix H: Box plots (a) and Turkey HSD method analysis (b) shows the 

relationships within or between group of M. tuberculata (Mtub, n=478), M. jugicostis 

(Mjug, n=114), and Syntypes of M. tuberculata (ZMUC 1602) (Synt, n=7), (p=0.05). 

 

 

 

 

 

 

 

 
 
 

 

 
 
 
 
 

 
 
 
 
 

Multiple Comparisons 

Tukey HSD      

(I) 
VAR0
0002 

(J) 
VAR0
0002 

Mean 
Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Mtub Mjug .35555* .03174 .000 .2810 .4301 

Synt -.12028 .11594 .554 -.3927 .1521 

Mjug Mtub -.35555* .03174 .000 -.4301 -.2810 

Synt -.47583* .11858 .000 -.7545 -.1972 

Syns Mtub .12028 .11594 .554 -.1521 .3927 

Mjug .47583* .11858 .000 .1972 .7545 

*. The mean difference is significant at the 0.05 level.  

a 
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