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ABSTRACT 

Gastropoda communities arc the most diverse class of mollusc and considered as

important component in the freshwater ecosystems. Gastropods were found 

significantly important in the terms of ecology and economy. However, there were 

no clear information reported and lack of conservation effort and management of 

freshwater gastopods (Caenogastropoda) in Malaysia particularly in Sarawak. 

Therefore, this study was conducted to identify the species composition and to 

determine the diversity and abundance of freshwater gastropods communities from 

selected Bintulu freshwater sys1ems. The environmental variables of water sample in 

the sck-ctcd areas were also statis1ically analyzed. Present study discovered a total of 

5 species from Pachychilidae and Thiaridae families were observed and identified. 

Snails were obtained by randomly placing a I m x I m quadrat at each location from 

five different stations in Bintulu, Sarawak. Melanoides t11berc11/a1a was the most 

abundance species indicated by its existence in almost every quadrat at each selected 

area. Shannon indices and Simpson's indices revealed the species diversity and 

richness were maximum al Station 3 compared to the other four study locations. 

Based on Bray-Curtis. two separate groups was formed al 40% similarities and 

supported by ordination of Pri11cipal Component Analysis. Jaccard similarity index 

showed that gastopods community from Station 4 and Station 5 were most similar. 

The value of environment.al parameters indicates that there was a positive rela1ion 

with the population of gastropods. The freshwater gastropods population showed a 

significant correlation (p<0.05) with the temperature, pH, turbidity, dissolved 

oxygen but no correlation with conductivity, chlorophyll a and TSS. 
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ABSTRAK 

Komuniti Gastropoda ada.lah kelas moluska yang paling pelbagai dan dianggap 

sebagai komponcn penting dalam ckosistem air tawar. Sipul didapati sangat penting 

dari segi ckologi dan ekonomi. Waiau bagaimanapun, tiada maklumat jelas yang 

dilaporkan dan kurang usaha pemuliharaan dan pengurusan siput air tawar 

(Cacnogastropoda) di Malaysia kJiususnya di Sarawak. Oleh itu, kajian ini dijalankan 

untuk mengenal pasti komposisi spesies dan menentukan kepelbagaian dan 

kepadatan komuniti siput air tawar dnripada sistem air tawar Bintulu yang terpilih. 

Pembolehubah persekitaran dari sampel air di kawasan kajian juga dianalisis secara 

statistik. Kajian mendapati sejumlah 5 spesies daripada famili Pachychilidae dan 

Thiaridae telah direkodkan dan dikcnal pasti. Siput telah diperoleh secam rawak 

mengunakan 1 m x I m kuadrat pada setiap lokasi daripada lirna stesen yang 

berlainan di Bintulu, Sarawak. Melanoides tubercu/ata merupakan spesies paling 

dominan ditunjukkan olch kewujudannya pada hampir setiap kuadrat di setiap 

kawasan kajian. lndeks Shannon dan indeks Simpson menunjukkan kepelbagaian 

dan kekayaan spesies adalah maksimum di Stesen 3 berbanding dengan empat lokasi 

kajian yang lain. Berdasarkan Bray-Curtis, dua kumpulan berbeza terbentuk pada 

persamaan 40% dan disokong oleh hasil ordinal PCA. lndeks persamaan Jaccard 

menunjukkan bahawa komuniti siput di Stesen 4 dan Stesen 5 adalah yang paling 

sama. Nilai parameter persekitaran menunjukkan bahawa terdapal hubungan positif 

dengan populasi Gastropoda. Populasi siput air tawar menunjukkan korelasi yang 

ketara (p<0.05) dengan suhu, pH, kekeruhan, oksigen terlarut tetapi tidak berkorelasi 

dengan konduktiviti, klorofil a dan TSS. 
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I.I Background 

CHAPTER I 

INTRODUCTION 

Mollusca are the most diverse phylum and the most named species in the animal 

kingdom after Arthropoda. Gastropoda is the most abundance class of mollusc in the 

world that can be found in aquatic and terrestrial area. Lydeard et al. (2004) 

estimated that there are approximately 31,000 non-marine mollusc species with 

valid descriptions existed and probably 3000 to 40,000 undescribed non-marine 

mollusc species. 

Freshwater gastropods can be classified into two groups which are Prosobranehia or 

gilled gastropods and Pulmonata or lunged gastropods. There are approximately 20 

families of freshwater Prosobranchia and 7 families of freshwater Pulmonata are 

found all over the world (Mandaville 1999). Nevertheless, habitats of freshwater 

gastropods arc taxonomically inadequate compared to the marine gastropod habitats. 

Currently in Malaysia, there are few studies done on the freshwater gastropod (Ng et

al. 2017; Supian and lkhwanuddin 2002). In Sarawak, little study has been 

conducted on the diversity and abundance of gastropod. Some of the studies were 

abundance of marine gastropod and bivalves in Sampadi Island, Lundu, Sarawak by 

Sbabdin et al. (2014), diversity of edible mollusc (gastropod and bivalvia) at selected 

division in Sarawak by Hamli er al. (2012) and distribution of macrofauna including 

gastropod in Rajang River, Sarawak carried out by Shabdin (2010). 
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Gastropods fonn a significant role in the ecology and promote the worldwide 

economy. In ecology, gastropods arc rclinblc water quality indicators and the 

ubundance of some species may tell the current status of any water impoundmcm 

(Galan et al. 2015). In economy, some of edible molluscs are found ns economically 

important (Sarwade et al. 20 IS). 

Despite their ecological and economic impo11ance, the world freshwater gastropods 

banle with loss and decline in number. Freshwater gastropods encounter threats from 

habitat loss and degradation (Strong et al. 2008). ln fact, a total number of the 279 

extinct and 1794 threatened Gastropoda species were listed in the Red List of 

Threatened Species by fUCN (2017). However, the overall diversity of freshwater 

gastropods in Malaysia. particularly in Sarawak remains poorly documented in 

comparison to other pan of Southeast Asia region. This situation is worsened as 

there are lack of infonnation, conservation effort and management on freshwater 

Caenogastropoda in Malaysia particularly in Sarawak. 
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1.2 Objectives 

The specific objectives of this study are: 

i, To identify species of freshwater Caenogastropoda at selected area in Bintulu, 

Sarawak. 

11. To detennine diversity and abundance of freshwater Caenogastropoda at selected

area in Bintulu, Sarawak.

3 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Cacnognstropoda 

Cnenogastropoda is the most dominant group of gastropod in tem1 of number of 

species. abundance and distribution and including their ecology and commercial 

importance. Among the living snails. Cacnogastropoda encompass almost 60% of 

the discovered species (Ponder et al. 2008). They arc the largest and diverse group of 

gastropod, thus they can be found at wide array of habitats as some can be found in 

marine, freshwater. brackish water and terrestrial areas. Furthermore, they also have 

diverse habits as they can be bcnlhic cpifaunal or burrowers, pelagic drifters or 

active swimmers; detritus or sedentary suspension feeders, herbivores or grazing or 

active carnivores. ectoparasitcs or shell-less internal parasites (Colgan et al. 2006). 

2.2 Taxonomy 

The taxonomy classifications ofCacnogastropoda are shown as below: 

Domain : Eukaryota 

Kingdom : Animnlia 

Phylum : Mollusca 

Class : Gastropoda 

Subclass : Caenogastropoda 

(Source: llandcl 2007) 
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2.J Morphology or Gnstropod 

PERPUSTAKAAN 

KAMPUS BINTULU SAnAWAK 

Gnmopod possesses �of\ body covered by o coiled univnlvcd shell 1hot provide 

protection. Nonnnlly. 1ha1 shell arc compos-ed of several loyers with o thick layer of 

calcium carbonate and outermost pcriostr.icum with organic cornposi1ion mostly 

protein (Bro,,11 2001). Their body consist of twisted 90-180° nervous systems thot 

developed since embryonic stage, head-foot and mantle. Their head possess 

tentacles. eyes and mouth and broad muscular Ont foot used for creeping over the 

surface. 

Generally, shell length of gastropod is measured from the end point of the shell 

(apex) to the basal lip of the opening o!f the shell called aperture. The suture 

separates the spire into several whorls. The most upical whorl is the nepionic whorl 

or protoconch, the initial shell of the young snail. Part of 1hc aperture is often 

ref\ected over the body whorl at the columella to fonn an inner lip. The initial 

opening of the shell base that moved inward into the columella is referred 10 the 

umbilicus. Shell thickness vnries among the gastropod as some pulmonatcs had thin 

and fragile shell while some prosobranch had thick und resistant to crushed shell. 

Body whorl is the final and largest whorl Lhnt indicutcs the most recent shell growth, 

ending in the aperture (Poutiers 1998). The general features of frcshwa1cr gastropod 

shell arc shown in Figure 2.1. 

5 
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Figure 2.1 General featUies of freshwater gastropod shell (Frest and Johannes 1999) 

2.4 Habitat and Preference 

Gastropods have the \\idest range of ecological niches among the molluscs. 

Freshwater gastropods can be found in nearly all aquatic habitats including rivers, 

lakes, swamps,, springs, ponds, drainage and other seasonal water. Most of 

freshwater gastr.opods lived submerged and some have specialized panicular habitats 

like aquatic vegetation, stones, wood, dead leaves and soft sediment (Strong et al.

2008). Pulmonate snails commonly preferred calmer waters, while prosobranchs 

normally favoured lotic environments (Dillon 2000). Snail's shell exhibits some 

structural features in response towards their habitat preferences. 
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2.� llh N •I" 111111 lll,1rlh11ll1111 

l 111,1r11p11tl, 111c 1hc l1111t�•• Hf"''I' 111 11111lhmc• 11ml c1111 ho f1111nd wmlcfwitlc except l11

thr A11t11n·1u·11 I hci, •111,000 •rcclc, c11111prlNc over HO% .. r llvl1111 moll1111<:N 

<ln,trn(lml, 11rc dl•,lributcol iu 111n11y h11hi1 11I� wilh hi11h 11c.lup10bllitic, whh lhc 

•1111 mumllnll I fence, their hinh c11ruhillllcs rc,uhcd in wido mnl\c dln1rih111l11n of

11rcu ·1 hrou�hm11 ihc world \f1Ccilic11lly in Soulhc11•il i\1111, 11umum11, 11111dicN had 

hccn carried ou1 1111 lite ub1111dn11cc ul' frc11i1wn1cr g1Lilropud compri�ing 14 �pccici 

found m Khck River. "ihnllnmJ (llcchruksn el 11/ 2007), 1) Rpcoic11 f'rnm H fi1milicq 

huvc been recorded in Brunei (Ng el (II, 20 I 5), <, genus of frcNhw111cr 11nnilN were 

docurncnlcd in South Knlimu1111111 (I liduy:11 c1 ril. 2015 ), 5 species were identified in 

Agusuu dcl Sur, Philippines (Cundrndo 2015). 7 s1x:cics representing 5 fumilics were 

discovered in i3ukidnon. Philippines (001!111 el 111. 2015) and 7 species found In 

Bogor. Indonesia (Priuwundip111rn cl al. 2017). Mcunwhile in Malaysia. there is 

signilicnnL number of frcshwnler gos1ropod species found from lhc diversity studies 

(Table 2.5). 

Table 2.5 Number of frcshwa1cr gas1ropod species found in Malaysia 

Location No. of species References 

Kuala KOawong. Ncgcri Sembilan 6 Ismail (1994) 

Sungai Semenyih, Sclnngor 2 Yap eu,I. (2003) 

Sungai Rajang, Snrawnk 5 Shabdin (2010) 

Podnwan Limestone, Sarawak II Grinang (2013) 

East and west coasl of Subah 18 Ng er al. (2017) 

7 
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?.6 Feeding Hnbits 

Most freshwater gastropods arc herbivorous or detrital feeders. They grozed on any 

small organic panicles: rnacrophytic vegetation (living or dead), liner from lhe bank 

of the river or pond, algal filaments, fungal hyphac. detritus, bacteria. and even 

carrion. Some larger snail species arc more likely consuming rougher foodstuffs and 

filler feeding has evolved in the Viviparidae and the Bithyniidac (Dillion 2000). 

Likewise. the composition of gastropod radulae and stomach. together with other 

parts of the diges1ive system. exhibits their distinct feeding habits either berbivory, 

detritivory, carnivory. or parasitism (Fryda 2013). Both herbivorous and carnivorous 

snails use a radula for feeding while some species even us:e their radula as a "drill" to 

bore into the shells of other mollusks before consuming their prey (Smith and 

Kershaw 1979). 

Freshwater snails actively scraped their food with the help of a specially modified 

··tongue·• called a radula which is covered with tiny, hard, blade-like projections that

graze and tear into small pieces of algae and organic material from the surfaces. The 

ingested food enters the mouth by mixing it with mucus. As their feet glide most 

easily across firm surfaces, the snails feed directly on top of the surface on which 

tihey are crawling. Snails may feed by lying on their shells and turning their foot up 

into the water column in he.avy amounts of suspended organic matter river. Thus, 

snails can be suspension feeders. directly collecting food from the water column 

(Johnson 2009). 

8 
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2.7 Gnslropods ns Uiolndicntor 

Gas1ropods arc scnsi1ivc 10 ccnain chemicals, 1hus 1hcy arc cxcellcnl waler qualily 

indicmors wi1hin a given ecosys1em. Gaslropods have limited movement pancms 

and particularly well suited for assessing sire-specific impacts. According to Sharma 

et al. (2013). freshwater molluscs were nblc to respond to nutricm inputs. discharge 

of sewage and excreta produced by animals and hwnans. Hence. Ali and Fishar 

(2005) observed tl1e highest concentrations of mos1 1race mc1als measured in 

mollucsa as compared 10 some 01hcr bcn1hic invenebra1e and fish species in Lake 

Qarun. Egypt 

Ano1hcr study done by Vukasinovic-Pcsic et al. (2017) revealed 1hat freshwater 

snail. Viviparus ma111illat11s can be used for biomonitoring of Cd. Cu. Zn and Fe in 

the aquatic environment at Motenegro. The sludy also s1a1cd rhat accumulation of 

mc1al by V. 111amillat11.1· might affee1 its growth rate as they found negative relations 

between Pb. Cd. Cu and Zn in different tissues and allometrie paramc1crs. Studies on 

heavy metal accumulation in Melanoides 111berc11lata was conduc1ed by AI-Qarooni 

et al. (2012). Shuhaimi-Othman et al. (2012) and Tyokumbur and Okorie (2014). 

2.8 EO\•ironmcntal Parameter 

2.8.1 Physico-chcmical of Water Parameter 

Water quali1y often significantly affects the rela1ionship between habitat area and 

freshwater mollusc diversi1y. Freshwa1cr gas1ropods composition and abundance 

depends on their abilities to colonize nnd survive in a habilat. Colonisation success is 

not auained by the specialised species tl1a1 are typical of stable habitats. but rather by 

species with a tolerance to a wide rnnge of environmen1al conditions (Spyra and 

9 
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Strzclcc 2014). Survival of gastropods is regulated by various physico-chcmical 

foctors thot innucnccd the ecological traits associated with a particular species. 

Water bodies, pollution, diseases nnd vegetation arc aspects that significantly 

affected the distribution and abundance of gastropods (Soddo1.ai et al. 2013). The 

freshwater snails can easily survive in temperature between 10°C and 35°C 

(Rozendaal 1997) and water temperature gave influence on their growth rate and 

development (Smitha and Mustak 2017). 

Sarwadc et al. 2015 stated the suitable pH for molluscs habitat is between 7.1 until 

8.4 and greater molluscan population in alkaline lakes as compared to acidic lake in 

Maharashta, India has been observed by Sakhare and Joshi (2003). In addition, 

influence of physico-chemical parameters on individual species abundance shows 

that temperature was significant for B11li1111s globos11s. pH was significant for B11/i1111s 

/orskalii. Biomphalaria pfeifferi and Lymnaea natalensis while pH and dissolved 

oxygen were significant for lndoplanorbi.1· ex11t11s abundance in the sampled water 

bodies across Nasawara state. Nigeria (Abe et al.2017). 

2.8.2 Chlorophyll" 

Chlorophyll a is a major pigment in plants that act as a biomass indicator of aquatic 

mirco-algae which support food webs in the aquatic area. It is the most useful 

method 10 measure biochemical parameter in oceanography (Amino! and Rey 2000). 

Chlorophyll a content sho\\�1 10 correlate posilivcly 1\ilh benthic macrofaunal 

species richness in the northern Gulf of Mexico (1 laedrich et al. 2008). Other study 

done by Lewin (2006) also obtained a sta:istically significant correlation be1wecn 

Vil'ipams l'il'ipams density and the chlorophyll a lcwl in the rivers of the 

10 
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Cicchnnowskn Uplnnd, Polond. The study olso discovered the level of chlorophyll o

in woter is dependent on the concentration of either nitrate nitrogen or phospho1es. 

11 
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3.1 Study Arca 

CIIAPTERJ 

MATERIALS AND METHODS 

The study was conducted in Bintulu, Sarawak (Figure 3.1). Samplings on gamopods 

were carried out at five selected stations in Bintulu. Global Positioning System 

{GPS) was used in order to determine the precise location (coordinates) of ll1c study 

.area. These locations were chosen due to the abundllllce of freshwater gastropod 

species at that panicular location. /I shon description and GPS readings of each 

sampling location were shown in Table 3.1. 

Bintulu 

150km 

Figure 3.1 Location of selected sampling sites at Dintulu, Sarawak © C
OPYRIG

HT U
PM



Tnbk 3.1 Coordinates nnd brief description of eoch selected area in Bintulu, Sarawnk 

--

Site Stntion GPS Site description 

No coordinates 

Tamnn N 03° 12.280' Shaded rocky stream with clear 

Tumbina E 113 ° 03.108' water. 

2 N 03° 12.23 7' Partially shaded rocky stream 

E 113° 03.008' with clear water. 
' 

J N 03° 12.096' Exposed sandy stream with clear 

E 113° 02.978' water. 

Hutan Nirwnna 4 N 03°12'55.3" Partly sheltered stream with clear 

UPMKB E 113°04 '04.8" water. 

Air Tcrjun 5 N 03°12.469' Exposed rocky and sandy stream 

UPMKB E 113°04.498' with clear wntcr. 

3.2 Sampling Technique 

Gastropods were sampled by using I m x I m quadrat which randomly placed at 

each station. The total number of individuals of each species \\�thin the quadrat was 

identified, counted and recorded. The samples were collected randomly al each 

station and placed in the 1Jp bags for further analysis. Each sample collected was 

photographed using a digital camera and redraw to reveal any dim characters on the 

shell. The water sample at each station was also taken for laboratory analysis. Water 

parameter such as water temperature, pH, conductivity, turbidity and dissolved 

oxygen (DO) were obtained in sill/. Water parameters were measured al every station 

by using multi-parameter water quality checker (Model WQC-24). 

13 
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JU Labornlory Annlysis 

3.3.1 Chlorophyll a Annlysis 

The chlorophyll a unolysis (Euton et al. 2005) was determined by filtering the water 

s.amplc using filter paper with additional 3-5 drops of magnesium carbonate into the 

water snmple. Then the filter papers were transferred in.lo the centrifuge rube filled 

with IO mL of 90% of acetone and lell overnight in the incubator before being 

centrifuged for IO minutes al 4000 rpm. The reading of chlorophyll a at wavelength 

664 um, 647 nm and 630 nm were recorded. The recorded data were used in the 

calculation. 

"Il'he equations involved were as follows: 

Ca = 11.85 A664 - 1.54 A641 - 0.08 A6io 

mg Cal m3
= (Ca X V acc,onc) / (V ,ample X I) 

Where. 

Ca = Chlorophyll a 

A= Absorbance of wavelength 

Vocctonc = Volume of acetone used in mL 

V,,,mplc = Volume of water sample in liters 

3.3.2 Total Suspended Solid Analysis 

The Total Suspended Solid (TSS) analysis (Eaton et al. 2005) was done by heating 

the filter paper with alwuinium foil that was shaped like a dish in the oven at I 03-

1 05°C for 15 minutes. Then the dish was cooled down in a desiccator and weighed 

for the initial weight before tJ1e water samples were filtered using the filler paper and 

put in the oven al temperature 103-105°C for I hour. Then the tilter paper was 

14 
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cooled down at room tempcmturc for 20 minutes before the final weight was 

recorded. 

The calculation involves were as follows: 

TSS (mg I L) = (A - B) x I 000 / C 

Where, 

A = final weight of dish 

B = initial weight of dish 

C = volume of water sample 

3.4 Species ldcnlilicalion 

The identification of the gastropods species were done based on the taxonomy 

characteristics by referring the shell fcntures such as shell shape, marks, body whorl. 

columclla and apcnme shape. The identification was done by referring to Subba Rao 

(I 989), Perez et al. (2004), von Rintclen and Glaubrecht (2005), Kc!hlcr and 

Glaubrecht (2006), Kc!hlcr and Dames (2009), von Rintclen et al. (2007), Marwo10 

and lsnaningsih (2012) and Madsen and Hung (2014). 

3.5 Data Analysis 

Data on number of species and individual per species of each site were analysed 

using Plymouth Routines ln Multivariate Ecological Research (PRJMER) version 

5.2.8. PRJMER was used 10 determine the Sharmon diversity index (1-1'). Piclou's 

evenness index (J') and Margalers richness index (D). The Pearson's correlation 

relationship between physico-chemical parameter with diwrsity ind ices was 

IS 
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n n al) Se d us ing Statistical Package for Social Science (SPSS) 10 lest the Pearson

corre la tio n. 

ha n n o n-Weio e r  Div ersity Index

H· 
= 

-Su m (P, •log(P, )) 

Where.

Pi= n,/N 

n1. Nu mber of eac h in dividual species

Piclo u's E,·c n n ess Inde x

J' = H' / log (S
) 

Where.

J

' = E,·c Mcss Index

11' • Shann o n-We ine r Diversi ty Index

S = Tolll l S
pec

ies 

Mar,:a l c rs Richnes s  In dex

D = (S-1 ) /log

Where .  

D -Ric hne ss  Inde x

N = To mi of in dividual number

S = To 1 nl s
pe

c k s 

1
6 
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.. locCJ1rd's Similarity Index 

SJ= A/ (A+ B + C) 

Where, 

A = Total number of species present in both communities 

B = Number of species present in community I but not in community 2 

C = Number of species present in community 2 but not community I 

Cluster Analysis 

The species distribution between each station was hierarchically clustered based on 

Bray-Curtis similarity matrix after the fourth root transformed. An average similarity 

within a group and dissimilarity between groups were calculated. The dissimilarity 

average produced based on the contribution of all species distribution mean data and 

the percentage contributions of each station were also displayed. 
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CHAPTER4 

RESULTS 

4.1 Taxonomy nnd Classification of Gastropods 

A) Mela11oides t11berc11lara {Miillcr, 1774)

Family Thiaridae 

Genus 

Species 

Synonyms 

Habitat 

No. of specimen 

Description 

Melanoidcs 

Melanoides 111berc11/ara (MOiier, 1774) 

Me/anoides Jascio/ara Olivier, 1804 

Submerged on soft sediment, shallow and calm to less 

turbulent zone of water stream. 

339 

The shell is elongate and conical shape with light to dar:k 

brown colour. Axial reddish-brown band and vertical sculpture 

form on the whorl. Aperture is oval shape. The total length 

ranges are between 17.79 mm-19.54 mm. The mean widths arc 

between 6.43 mm-7.97 mm (Plate 4.1). 
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A B 

I Clll 

Plate 4.1 Morphological structure of Melanoides 111berc11lata (MUiier, 1774). (A) 
Photo diagram. (B) Drawing diagram froni and back view. 

B) Tylomela11in mnsapensis (Kruimel, 1913)

Family 

Genus 

Species 

Synonyms 

Habitat 

No. of specimen 

Description 

Pachychi.lidae 

Tylomclania 

Tylomelania masapensis (Kruimel, 1913) 

Submerged in shallow and calm zone at the river bank on soft 

substrate. 

82 

The shell is small and tucriculate in shape. Spiral ribs fonncd 

on body whorl. Spire whorls smooth. Black 10 dark brown 

shell colour. The total length ranges are between 14.47 mm-

14.92 mm. The mean widths are between 4.81 mm-6.03 mm 

(Plate 4.2). 

19 
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A B 

I cm 
Plate 4.2 Morphological structure of Tylomelania masape11sis (Kruimcl, 1913). (A) 
Photo diagram. (B) Drawing diagram front and back view. 

C) Brotia siamensis (Brot, 1886)

Family 

Genus 

Species 

Synonyms 

Habitat 

No. of specimen 

Description 

Pachycbilidae 

Broria 

Brotia siamensis (Brot. 1886) 

Brotia pe11i11s11/aris (Brandt.1974). Melania hamonvillei (Brol. 

1887), A11ti111ela11ia J'iamensis (Bror. 1886) 

Submerged in shallow and low to mild turbulent water stream 

on soft sediment. 

52 

The shell is small and clongately conic. Sculptures with both 

radial and spiral ribs. Shell colour light to dark brown. The 

total length ranges are between 11.75 mm-12.82 mm. The 

mean widths arc between 4.14 mm-4.66 mm (Plate 4.3). 
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A B 

L cm 
Plate 4.3 Morphological stnicture of Brotia sia111e11sis (Bro!, 1886). (A) Photo 
diagram. (B) Drawing diagram front and back view. 

D) Melania hico11ica (Brol, 1886)

Family 

Genus 

Species 

Synonyms 

Habitat 

No. of specimen 

Description 

Pachychilidae 

Melania 

Melania biconica (Brot, 1886) 

Melania hainanensis (Brot, 1872) 

Submerge in soil sediment or attached on rock, wood and dead 

leaves. Found at shallow and calm water current. 

67 

The shell is clonga1e and conical shape. Dark brown shell 

colour. Fine vertical and horizontal ribs formation on body 

whorl. The aperture is ovate. The total length ranges are 

between 26.73 111111-26.73 mm. The mean widths arc between 

10.10 mm-I 1.41 mm (Plate 4.4). 
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A D 

I cm 

Plate 4.4 Morphological structure of Melania biconica (Brot, 1886). (A) Photo 
diagram. (B) Drawing diagram front and back view. 

E) Sulcospira tes111di11arin (voo dem Busch, 1842)

Family 

Genus 

Species 

Synonyms 

Habitat 

No. of specimen 

Description 

Pachychilidae 

Suleospira 

Su/cospira 1es111dinaria (von dem Busch. 1842) 

Melania foeda (Lea, 1850), Melania j11gh11lmi (Schepmann, 

1896), Melania marlini (Schepmann, 1898) 

Submerge in soil sediment and some attached on rock, wood 

and dead leaves. Found at shallow and calm water current. 

11 

The shell is elongate and conical shape. Black to dark brown 

shell colour. Fine spiral ribs formed at basal lip of aperture. 

The total length ranges are between 39.13 mm-52.80 mm. The 

mean widths are between 15.19 mm-19.95 mm (Plate 4.5). 
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A 0 

I cm 

Plate 4.5 Morphological structure of S11/cospi,.t1 test11dint1ritl (von dcm Busch, 1842). 
(A) Photo diagram. (B) Drawing diagram front and back view.

4.2 Species Distribution 

In total, 551 numbers of individual were recorded with 5 species from 2 families 

were identified from selected area in Bimulu, Sarawak. The existing gastropods 

species presented in Table 4.1 showed that Melanoides tuberculata was recorded ai 

all the selected stations. Species that located at Station I. Station 2 and Station 3 was 

Tylame/cmia masapensis. Other species su:h as Brotia siamensis and Melania 

biconica were distributed at the same two stations (Station 2 and Station 3). 

Meanwhile, the least distributed species was Sulcospira 1es111di11aria and only can be 

found at Station I . 
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Table 4.1 Species distribution of gastropod at selected areas in Bintulu, Sarawak 

Station 
Fnmily/ Genus/ Species 

Thiaridae 

Me/anoides t11berc11/a1a 

Pacbychilidae 

Tylomelania 

masapensis 

Brotia siamensis 

Melania biconica 

S11/cospirn tes111di11m·ia 

Note: (-1·) = Present, (-) = Absent 

SI 

+ 

+ 

S2 

+ 

+ 

+ 

+ 

4.3 Species Diversity, Richness and E,•cnocss 

S3 S4 

+ 

+ 

+ 

+ 

+ 

+ 

SS 

+ 

Station 4 and Station 5 showed the lowest diversity, richness and evenness indices 

(0) pr�sented in Table: 4.2. Meanwhile:, Station 3 �bowed the highest diversity index

(l.264) followed by Station 2 (1.108) and Station I (0.5865). For richness index 

value, Station 3 have the highest value (0.7467) followed by Station 2 (0.5933) and 

Station I (0.1996). In spite of this, Station I presented the highest evenness index 

valm: (0.8462) and Station 2 has the second highest value (0. 799 I) followed by 

Station 3 (0. 7852). 
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rnblc 4.2 Univarintc analysis on diversity. richness and evenness indices of 
f-rcshwnter gastropod of each s1atiun in Bintulu. Sarawak 

tntion No of No. of Mari:alcrs l'iclou's Shannon-

Species Indi\'idual Richness Evenness Weiner 

(S) (N) Index (d) Index (J') Diversity 

Index (H') 
SI 2 150 0.1996 0.8462 0.5865 
2 4 157 0.5933 0.7991 1.108 

S3 5 212 0.7467 0.7852 1.264 

S4 4 0 0 0 

S5 28 0 0 0 

4.4 Similaril)• Index 

Rcsul, on similarity index analysis was presented in Figure 4.1 shown that Station 4 

versus Station 5 has highest similarity 1
1alue ( 1.0) as compared to other selected area. 

The following highest similarity value was Station 2 versus Station 3 (0.8). The 

lowest similarities were Station 3 versus Station 4 and Station 3 versus Station 5

with 0.2 similarities value. Other station similarities were 0.5 (Station I versus 

Station 2), (Station I versus Station 4), (Station 1 versus Station 5). 0.4 (Station I 

versus Station 3), 0.25 (Station 2 versus Station 4) and (Station 2 versus Station 5). 
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Figure 4.1 Jaccard's Similarity Index of recorded gastropods among each station at 
selected areas in Bintulu, Sarawak 

4.5 Cluster Analysis 

The result of cluster analysis was shown in Figure 4.2. At 40% similarity, there were 

2 groups comprising group I that consists of Station I, Station 2 and Station 3 

whereas group 2 consists of Station 4 and Station 5. Meanwhile at 60% similarity. 

only group I has high similarity whereas group 2 are independent. However at 90% 

similarity, both group I and group 2 were independent. 
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Figure 4.2 Cluster of gastropods assemblage bused on Bray-Curtis similarity matrix 
at selected areas in Bintulu, Sarawak 

4.6 Principal Component Analysis 

Ordination by Principal Component Analysis (PCA) presented in Figure 4.3 shown 

that there were two groupings among the stations. Group I consisted of Station I, 

Station 2 and Station 3 while Station 4 and Station 5 was grouped together. The 

result had supported 40% similarity of Bray-Curtis hierarchical cluster analysis given 

in Figure 4.2. Principal component I (x-axis) shown 58.53% of the variation and 

principal component 2 (y-axis) revealed 30.40% of the variations. both component 

represent the abundance and distribution of freshwater gastropods at the given 

selected study areas in Bintulu, Sarawak. 
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Figure 4.3 Principal Components Analysis (PCA) of selected areas in Bintulu, 
Sarawak 

4.7 Environmental Parameters 

The environme111al parameters of water from selected area in Bi111ulu were presented 

in Table 4.3. There was significant difference al level 0.05 among cm�ronmental 

variables between five study areas except for chlorophyll a and TSS. The 

conductivity and DO value between Station 2 and Station 3 were similar but 

different with 01.her 1hrcc stations. Besides. the temperature in Station 1 and Station 2 

did not differ significantly between each other but significantly differ with other 

study locations. Moreover, pl-I value in Station 5 shown a dissimilarity with Station 

I, Station 2 and Station 4. however. Station 3 shown a similarity with all the study 

area. The result for turbidity shown that Station 2, Station 3 and Station 5; and 

Station 1 and Station 4 having no significant difference. 
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-1.!1 Corrclotion of Environmenlol Pornmctcrs with Diversity 

The diversity of freshwater Cacnogaslropoda showed positive and negative 

correlation with environmental parameters of the study areas presented in Table 4.4. 

Among the seven environmental factors. there was a significant correlation (p<0.05) 

between diversity of gastropods with the temperature (r = 0.253268). pH (r =

0.398592), turbidity (r = -0.39295) and DO (r = 0.885432). Other environmental 

variables such as conductivity, chlorophyll a and TSS were not significantly 

correlated between freshwater gastropods diversity (p>0.05) with correlation 

coefficient r = 0.455471. r = -0.86522 and r = 0.419513, respectively. 

Table 4.4 Pearson's correlation coefficient (r) between environmental parameters 
and diversity of gastropods at selected areas in Binnllu, Sarawak 

Parameters r Sig. (2-tailed) 

Conductivity (�1S/cm) 0.455471 0.0549665 

Temperature (0C) 0.253268* 0.0000002• 

pH 0.398592* 0.0000177* 

Turbidity (NTU) -0.39295 ° 0.0279218*

DO {mg/L) 0.885432* 0.0037857* 

J Chlorophyll a (mg/m ) -0.86522 0.3564751 

TSS(mg/L) 0.419513 0.1342800 

Note: •Marked correlation was significant (p<0.05) 
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5.1 Species Composition 

CHAPTERS 

DISCUSSION 

In the present study, 2 families with 5 species in total of 551 individual of freshwater 

gastropod has been idcnti lied. Melanoides tuberculata was recorded the highest 

distribution because this species had existed in every quadrat as compared to other 

species. Station 3 recorded the highest number of species with 5 species presented 

and the lowest was Station 4 and Station 5 with only I species presented during this 

study. Melanoides t11berc11lata is the most widespread member of the family 

Thiaridac that commonly found in freshwater system (Supian and lkhwanuddin 

2002) and being discovered in northern and southern Africa, eastern Mediterranean 

countries, the Arabian Peninsula, south and southeast Asia, southern China. Japan, 

Malaysia, and northern Australia (Gimnich 2015). 

The findings of Minton et al. (2008) documented a total of 13 gastropod species 

representing three orders and seven genera at Bayou Bartholomew drainage, 

Arkansas, U.S.A. Ponce et al. (2014) studied six genera of gastropods has been 

found in the wetland ponds of Turnbull National Wildlife Refuge, Eastern 

Washington and was dominated by Radix auricularia. According to Lange et al. 

(2013) there were 15 species belonging to 8 families recorded in Lake Victoria, 

Kenya The study also showed that dominancy of some snail species in Lake 

Victoria. especially Biomphalaria choanomplwla and ,'vlelanoides t11berc11lata 
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occurred due to biologicnl chnnges impact from anthropogenic disturbance, while 

other species cannot endure towards the changes. 

5.2 Diversity, Richness and Evenness Analysis 

The species diversity index reflects on both the total number of species and how 

equally individuals were distributed among the species in a given study area. Result 

shown that Station 4 and Station 5 recorded the lowest diversity indices value (0) 

compared 10 other study areas. The numbers indicated the dominancy of only one 

gastropod species (Melanoides tuberculata) at Station 4 and Station 5 in comparison 

to other selected study areas. The highest diversity index value ( 1.264) belonged to 

Station 3. The amount of individual found in Station 3 ranged from I I -I I 3 from 5

species existed there. Callisto et al. (2005) observed an increase in diversity and 

richness of benthic macroinvcrtebrates with substrate diversification and high 

biomass of aquatic macrophytes in Slio Francisco River, northeastern Brazil. 

The total number of species in the particular area influenced the richness index 

value. Richness index was measured by totalling up the number of different species 

in a given area. Among the study area chosen, Station 3 showed the highest richness 

index value with 0.7467. Anthropogenic activities including constructions. 

agricultural activities, urbanization and industrializations along the river could have 

influenced the density and abundance of macrobenthic invertebrates at the 

do...,rnstrearn ofSunga.i Semenyih (Yap et al. 2003, 2008). 

Evenness index was based on species abundance distribution in a community's 

diversity. Station I has the highest evenness index value with 0.8462. ll signified 
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1h01 the uniformity of distribution of various species at that area was high. According 

to Esenowo and Ugwumbo (2010) the high diversity index in Majiclun River, Nigeria 

was a reflection of less anthropogenic disturbance, stress-free and siable 

environment for macrobenthos habitat. 

5.3 Relationship of Environmental Parameters with Diversity 

The freshwater gastropods population showed a significant correlation with the 

temperature, pH, turbidity, DO presented in Table 4.4. On the other hand, the rest of 

environmental parameter such as conductivity, chlorophyll a and TSS showed no 

correlation with population density of freshwater gastropods in the selected study 

area. 

Water temperature exhibited a positive correlation with the abundance of molluscs in 

the study done by Sahin (2012) and Smitha and Mustak (20 I 7). The study showed 

that increase in temperature within the observed range helps the growth and 

development of molluscs. Temperature and pH was found by Gutierrez et al. (1997) 

10 exert the main factor influencing the abundance of Melanoides t11berc11lata and 

Tarebia granifera in central region of Cuba. Environmcmal variables such as pH and 

turbidity were found by Lampley and Armab (2008) being the major significant 

variables structuring the macrobenthic fauna! assemblage in Kcta Lagoon, Ghana. 

Ponce et al. (2014) discovered that chlorophyll a did not significantly impact snail 

richness in wetland of Turnbull National Wildlife Refuge. WA. 
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CHAPTER6 

CONCLUSION 

From the present study, a total of 5 species from 2 families of freshwater gastropods 

had been recorded. Melanoides 111berc11/a1a was the most abw1dancc species as 

compared to other species in Lhe study areas denoting by its existence in almost 

every quadrat at each selected area in Bintulu, Sarawak. The dominancy of species 

was also related to Lhe total number of individual in which 339 individual of 

Melanoides 111berc11/a1a has been identified. The presence of this species could be 

the biological indicator for the steam water quality. 

The diversity indices shown that Station 3 has the highest diversity and richness 

index value i.n comparison to Station 4 and Station 5 which has the lowest diversity 

index value. The indices value reflected that Station 3 has the most stable and highly 

favourable condition for freshwater gastropod to colonize and survive with the 

present water quality. 

The relationship between environmental parameter with freshwater gastropods was

statistically significant. Among seven environmental factors, only chlorophyll a and 

TSS were 1101 significantly correlated to the freshwater Cacnogastropoda 

distribution. Therefore, any changes of both chlorophyll a and TSS does not affect 

tile abundance and diversity of freshwater snails species in the given study areas. 
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