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Highlights

•• Mollusc remains acquired through excavation of three archaeological 
sites in Semporna, Sabah namely Bukit Tengkorak, Melanta Tutup 
and Bukit Kamiri were identified.

•• 90 taxa of molluscan species had been identified, where 30 are 
bivalves and 60 are gastropods.

•• Species richness, indicated by NTAXA value, between the three 
sites preliminarily indicates different level of selectivity in gathering 
molluscs among ancient communities in different sites, possibly 
due to different proximity of sites to the coastline.
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Abstract: This paper discusses the identification of mollusc (bivalve and gastropod) 
remains from three archaeological sites in Semporna, Sabah, namely Bukit Tengkorak, 
Melanta Tutup and Bukit Kamiri, dated to the prehistoric period, from 3,000 to 800 years ago. 
Samples of mollusc remains used in this study were obtained from a series of archaeological 
excavations conducted at these three sites by the Centre for Global Archaeological 
Research, Universiti Sains Malaysia (CGAR, USM), Penang in collaboration with the Sabah 
Museum Department (SMD) from 1994 to 2007. In total, 90 taxa of molluscan species, of 
which 30 are bivalves and 60 are gastropods, had been identified. Out of 90, there were 
55 taxa identified to the species level, of which 18 are bivalves and 37 are gastropods. 
They consisted mainly of marine species with small numbers of freshwater, brackish and 
terrestrial species. This study had provided new data and insights into the distribution and 
exploitation of molluscs by ancient human societies in different environments in Semporna, 
which will be useful not only for malacological research in the tropics but also for future 
biological and environmental studies in Sabah, Malaysia as well as for the Southeast Asian 
and Pacific regions. 

Keywords: Mollusc Remains, Archaeomalacology, Archaeological Sites, Semporna, 
Prehistory

Abstrak: Artikel ini membincangkan tentang identifikasi tinggalan moluska (dwicangkerang 
dan gastropod) daripada tiga tapak arkeologi di Semporna Sabah, iaitu Bukit Tengkorak, 
Melanta Tutup dan Bukit Kamiri, daripada zaman prasejarah 3,000 ke 800 tahun yang lalu. 
Sampel tinggalan moluska yang digunakan dalam kajian ini diambil daripada beberapa 
siri ekskavasi arkeologi yang dijalankan di tiga tapak oleh Pusat Penyelidikan Arkeologi 
Global, Universiti Sains Malaysia, Pulau Pinang, dengan kerjasama Jabatan Muzium Sabah 
daripada tahun 1994 sehingga 2007. Sebanyak 90 taxa spesies moluska telah dikenalpasti 
iaitu 30 daripadanya adalah dwicangkerang dan 60 adalah gastropod. Daripada 90 taxa 
tersebut, 55 taxa dikenalpasti pada tahap spesies, manakala 18 adalah dwicangkerang dan 
37 adalah gastropod. Kebanyakan taxa tersebut terdiri daripada spesies marin termasuk 
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juga sedikit bilangan daripada spesies air tawar, spesies air payau dan spesies daratan. 
Kajian ini telah memberikan data dan pandangan baru mengenai taburan dan eksploitasi 
moluska oleh masyarakat manusia purba dalam persekitaran yang berbeza di Semporna, 
yang akan berguna bukan sahaja untuk penyelidikan malakologi di kawasan tropika tetapi 
juga penting untuk kajian biologi dan alam sekitar di Sabah, Malaysia termasuk untuk rantau 
Asia Tenggara serta Pasifik pada masa depan.

Kata kunci: Tinggalan Moluska, Arkeomalakologi, Tapak Arkeologi, Semporna, Prasejarah

INTRODUCTION

One of the most common biological materials recovered from archaeological 
sites during excavations is the remains of bivalve and gastropod from the phylum 
Mollusca. Animals from the phylum Mollusca usually have a calcium carbonate 
exoskeleton called the ‘shell’ that is hard and durable in nature that could survive 
well when buried in the soil (Claassen 1998; Thomas 2015a). Hence, more often 
than not, only molluscs with shells are found during archaeological excavations, 
particular from the classes Bivalvia and Gastropoda, while the other classes, 
especially the shell-less ones like Aplacophora and Monoplacophora are seldom 
found in the archaeological context (Claassen 1998; Bar-Yosef Mayer 2005; 2007; 
Reitz & Wing 2008; Thomas 2015a). Mollusc remains are defined as the pieces or 
parts of the shells of molluscs that are buried underground and uncovered during 
archaeological excavations. In other words, mollusc remains are dead specimens 
consisting of only the empty shells of the molluscs. Hence, identification of mollusc 
remains depends solely on the morphology of the shell. Some archaeologists used 
the term ‘shell remains’, but the term ‘mollusc remains’ is used because certain 
animals not from the phylum Mollusca also have shells, such as tortoises, turtles 
and Crustacean (such as crabs, prawn or mantis shrimp).

In archaeology, the study of mollusc remains in the archaeological contexts 
is defined as archaeomalacology, which is the sub-field of archaeozoology. The 
most common contribution in archaeomalacological studies is the interpretation 
of ancient human diet and subsistence by identifying and quantifying the taxa of 
mollusc remains found in an archaeological site (Zulkifli et al. 1992; Szabo 2009; 
Gani et al. 2013; Bujeng 2018). In most cases, a large number of molluscs remains 
found in an archaeological site that does not occur naturally there would indicate 
that they were actually gathered and brought into the sites by humans for their 
sustenance (Thomas, 2015b). Identifying these mollusc remains can help in 
determining their species and original habitats, which could provide useful data 
on past environments, movement of humans and their strategies in searching and 
gathering, as well as the adaptive change of past humans in exploiting molluscs 
over time (Shackleton & van Andel 1986; Ono et al. 2009; Habu et al. 2011). In 
addition, archaeomalacological study can help determine the exploitation and use 
of molluscs by ancient human in the production of artefacts such as ornaments 
and tools (Szabo 2010; Pawlik et al. 2015; Langley & O’Connor 2016; Insoll 2021). 
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In biological science, the study of archaeomalacology could be beneficial 
in determining the distribution of molluscan species over time. Many biological 
science studies, especially in malacology, had employed archaeological data and 
records on mollusc species to determine and map the origin, presence or extinction 
of certain species in a particular region over time (Tebano & Paulay 2000; Giokas 
et al. 2010; Argente 2016; Mayor & Ancog 2016; Neo et al. 2017; Thaman et al. 
2017). The study of modern-day molluscan species, on the other hand, had also 
benefited and assisted archaeology in identifying ancient mollusc remains from 
archaeological sites (Meehan 1982; Rouse & Evans 1994; Welter-Schultes 2008). 
The same can also be said vice versa especially in terms of shell morphometric 
(Faulkner 2010; Ash et al. 2013; Fiori et al. 2019). In addition, Thaman et al. 
(2017) had shown how time-depth perspectives on molluscan species with the 
incorporation of archaeological data could provide a wealth of information on 
the ecology, evolution and structure of past marine ecosystems as well as the 
history of human impacts on the environments. In short, archaeomalacology is a 
significant field of study that is beneficial not only in the study of the past but also 
for the present.

Bukit Tengkorak was briefly excavated in 1987 by Peter Bellwood with 
the assistance of SMD (Bellwood 1989). Following this, several archaeological 
excavations were conducted from 1994–2007 by a research team headed by 
Stephen Chia from CGAR, USM in collaboration with the SMD team at Bukit 
Tengkorak, Melanta Tutup and Bukit Kamiri (Chia 2003; 2008; 2009). These 
detailed excavations by CGAR, USM at the three sites had uncovered a significant 
amount of archaeological data and materials which had been radiocarbon dated to 
the Late Prehistoric period from about 3,000 to 800 years ago (Chia 2003; 2008; 
2014; 2016). The archaeological materials excavated from these sites consisted 
of human burials, ornaments, earthenware sherds, lithic artefacts, bone artefacts, 
animal and fish bones as well as a considerable amount of mollusc remains. 

In terms of mollusc remains excavated from the three archaeological 
sites in Semporna, those from Bukit Tengkorak had been analysed earlier by 
Bellwood (1989) and Chia (2003; 2014). However, their analyses which included 
identifications of the taxa of mollusc samples and the quantification of these 
specimens were done based on weight and number of identified specimens. This 
method of analysis is often considered to be outdated now in comparison with the 
recent archaeomalacological method of analysis. Moreover, some of the mollusc 
species previously identified by these researchers could have been misidentified 
since the identifications were not done using the latest taxonomic data from the 
MolluscaBase (2020) database.

Elsewhere in Semporna, mollusc remains excavated from Melanta Tutup 
and Bukit Kamiri had been preliminarily analysed by Albert et al. (2017; 2018), 
Bujeng and Albert (2016; 2017) and Chia (2008). The mollusc identification from 
Melanta Tutup and Bukit Kamiri had so far been reported to class level only 
by Chia (2008), while Albert et al. (2017) and Bujeng and Albert (2016; 2017) 
had published mollusc species identified from mollusc remains excavated only 
from the upper layers (0 cm–30 cm depth) of these two sites. In addition, the 
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mollusc assemblage from Melanta Tutup identified by Albert et al. (2018) had 
some outdated nomenclature based on the MolluscaBase (2020) database. For 
example, the giant clams that were previously listed as a family (Tridacnidae) had 
now been updated to the subfamily Tridacninae under the family Cardiidae.

Given the various issues and problems in the previous analyses of mollusc 
remains from the sites in Semporna, this present study intends to conduct a more 
detailed and comprehensive study of all the mollusc remains excavated from Bukit 
Tengkorak, Bukit Kamiri dan Melanta Tutup in Semporna, Sabah. This is in order to 
have a larger sample representation and a more holistic picture and understanding 
of mollusc species, its distributions and relationships with ancient human societies 
in Semporna, Sabah. This study will provide the latest data of the identification of 
mollusc remains from these research sites based on current and updated data 
from the global, reputable database of MolluscaBase (2020).

MATERIAL AND METHODS

Sampling of Mollusc Remains

The mollusc remains were sampled from excavated specimens at the archaeological 
sites of Bukit Tengkorak (4°27’20.08”N, 118°37’04.3”E), Melanta Tutup 
(4°21’56.58”N, 118°32’2.04”E) and Bukit Kamiri (4°27’59.70”N, 118°34’8.52”E) 
in Semporna, Sabah (Fig. 1). Only samples excavated from the projects led by 
Stephen Chia were used in this study. Samples from Bukit Tengkorak excavated 
in 1994 to 1995 were stored in the artefact storage of the Archaeology Division of 
SMD, Kota Kinabalu, and were brought to the archaeology laboratory of SMD to 
be analysed. Meanwhile, samples from Bukit Tengkorak (excavated in 2002, 2007 
and 2008), Melanta Tutup (excavated in 2002, 2003 and 2006) and Bukit Kamiri 
(excavated in 2007), which were all stored in the artefact storage of CGAR, were 
brought to the archaeozoology lab of CGAR to be analysed. All samples, both in 
SMD and CGAR, were stored in container boxes labelled based on site and year 
of excavation. Hence, analysis was conducted by transferring box by box from 
storage to laboratory. This would mean that analysis was done based on site and 
year of excavation. Samples would then be rearranged based on trench, depth, 
and then species upon identification. 
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Figure 1: Map of Semporna showing the research sites and the surrounding areas (Source: 
Adapted and modified from Google Earth; Chia 2008; Kirk 1962; Ho & Kassem 2009).

For example, a box of samples from Bukit Tengkorak excavated in 1994 
was transferred to the laboratory. The samples were previously stored in plastic 
bags labelled according to trench and depth, often disregarding species. As an 
example, a plastic bag labelled Trench A Spit 1 contained about 30 g of shells. 
In archaeology, a trench is an excavation grid, while spit is an arbitrarily assigned 
measurement of depth used as a unit of excavation, such as 10 cm per spit. The 
plastic bags were then arranged based on trench and spit, and then analysed 
accordingly. Using the previous example, a plastic bag labelled Trench A Spit 1 
would be opened and the samples in it were identified, for example to Anadara 
antiquata, Gafrarium pectinatum and Vasticardium orbita. Pieces identified to the 
respective species were then weighed, reference-coded, quantified, photographed 
and placed separately in different plastic bags. The process was repeated to the 
next plastic bag (e.g., Trench A Spit 2, Trench B Spit 1 and so on). Once the whole 
samples in the box were completely analysed, the samples were stored back in 
the same box, transferred back to the storage and the next box was taken to the 
laboratory to be analysed.
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For Bukit Tengkorak, 8,550 pieces of mollusc remains (83,774.4 g) were 
analysed, while the samples from Melanta Tutup and Bukit Kamiri consisted 
of 16,446 pieces (52,290.9 g) and 2,266 pieces (5320.0 g), respectively. All 
the samples were dry-cleaned using only soft paint brushes, toothbrushes and 
wooden skewers to remove dirt carefully from the specimens. Wet cleaning was 
avoided because it may alter or damage the physical structure or colour of the 
fragile specimens, which could affect the results of our analysis.

Identification of Species

The methods used in the identification of mollusc species consisted of shell 
anatomic analysis and taxonomic analysis. Identification of the mollusc specimens 
was done based on the morphology of the mollusc remains. The identification 
process of each species was done using the following steps: 

1.	 Each sample was identified to its lowest taxonomic levels by referring to 
the identification keys provided by Dance (1992), Ridzwan (1993), Poutiers 
(1998a; 1998b) Abbott and Dance (2000), Abbott (2002), Fiene-Severns et al. 
(2004), Panha and Burch (2004), and Hook (2008).

2.	 Each sample was also identified as far as possible by comparing the mollusc 
remains with reference specimens of bivalves and gastropods available at the 
archaeozoology lab in CGAR, USM.

3.	 Each species was cross-checked with the database in MolluscaBase (2020) 
so that all taxa used in this study were the latest and to ensure the consistency 
as well as accuracy in the identification of the mollusc species (see Albert 
2019 for further details).

However, further identification of the samples to the species level required 
examination of the shell colours, which in this study was very difficult or impossible 
to do because almost all the samples had lost their original colours after being 
buried in the soil for thousands of years. In addition, further identification to the 
species level required examination of the soft flesh and embryonic shells of the 
mollusc samples which was not possible because all the samples used in this 
study were dead specimens. Consequently, most of the mollusc samples analysed 
in this study could only be identified to the lowest taxonomic ranking, which in 
many cases included the genus, subfamily or family. 

Species Richness 

Species richness is an important unit to measure the species diversity for animals in 
an ecology. Meanwhile, in archaeology, species richness can be used to examine 
differences in the taxonomic composition of mollusc assemblage from different 
sites to provide more interpretation on the selectivity or strategies in gathering 
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activities (Nagaoka 2001; Harris et al. 2015; 2016). For example, a high value of 
diversity would indicate low selectivity in the gathering process (Szabo 2009). In 
this study, species richness was calculated using the NTAXA (number of taxa) 
method, which is also referred to as taxonomic richness (Lyman 2008; 2015). In an 
archaeomalacological analysis, NTAXA is best defined as a count of the number of 
distinct taxa at the highest common taxonomic level so that species richness will 
not be artificially inflated by taxa that are more easily identified to lower taxonomic 
levels (Harris et al. 2015). As an example, if an assemblage consisted of species 
identified to Saccostrea cuccullata and Ostreidae sp., then the NTAXA value would 
be one (1) rather than two (2), as fragments identified to Ostreidae sp. could also 
possibly be unidentifiable fragments of other species under that family. 

RESULTS AND DISCUSSION

This research revealed a total of 90 taxa comprising 30 bivalve taxa and 60 
gastropod taxa, of which 18 and 37 were identified to species level for each of the 
two classes, respectively. Tables 1 and 2 listed the identified bivalve and gastropod 
taxa, their habitat and morphological characteristics, respectively. Meanwhile, 
Figs. 2 to 9 illustrated all the identified bivalve and gastropod taxa respectively, 
along with the reference codes for the specimens depicted. 

While it is easier for samples in complete state to be identified to species 
level, similar yet fragmented samples lacked the full characteristics for them to 
be identified to species level. Hence, these fragmented samples could only be 
identified to genus level. For example, fragmented samples similar to Anadara 
antiquata would only be identified as Anadara sp. instead (see Fig. 2 (A–B) and 
Table 1). Besides that, certain samples, despite being in complete state, were 
identified to genus level as it lacked diagnostic anatomic features for identification 
to species level, such as Barbatia sp. which could only be identified further to 
species by looking at the original colour of its outer surface (Poutiers 1998a). 
This was inevitable as our samples were dead specimens buried for thousands 
of years. Another example would be the gastropod specimen of Sulcospira spp., 
which could not be identified to the species level as it required observation on 
their embryonic shell and reproductive organs (Kohler & Glaubrecht 2006; Kohler 
& Dames 2009), which again was impossible for dead specimens. Hence, such 
specimens could only be identified as Sulcospira spp., with the possibility of it 
being Sulcospira pageli, Sulcospira agrestis or Sulcospira infracostata based on 
its shape and locality (Kohler & Dames 2009; Ng et al. 2017). 
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Figure 2: Bivalve specimens identified from archaeological sites in Semporna: (A) Anadara 
antiquata (MT/C/160), (B) Anadara sp. (MT/C/104), (C) Barbatia sp. (MT/D/Q1/154), 
(D) Tegillarca granosa (MT/C/165), (E) Fragum unedo (MT/D/Q1/137), (F) Vasticardium 
pectiniforme (MT/A/141), (G) Tridacninae sp. (BT02/P/Q2/29) and (H) Hippopus hippopus 
(MT/D/Q1/209).

Figure 3: Bivalve specimens identified from archaeological sites in Semporna:  
(I) Hippopus sp. (MT/C/144), (J) Tridacna squamosa (MT/D/Q3/81), (K) Tridacna sp.  
(BT/G17/229), (L) Batissa violacea (BK/56), (M) Geloina expansa (MT/D/Q2/122) and  
(N) Geloina sp. (BK/40).
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Figure 4: Bivalve specimens identified from archaeological sites in Semporna:  
(O) Hemidonax donaciformis (MT/A/33), (P) Austriella corrugata (BT02/P/Q2/23), 
Atactodea striata (MT/B/195), (R) Saccostrea cucullata (MT/D/Q1/24), (S) Decatopecten 
sp. (MT/C/280), (T) Spondylus sp. (MT/C/98), (U) Isognomon isognomum (MT/C/94) and 
(V) Isognomon sp. (MT/C/148).

Figure 5: Bivalve specimens identified from archaeological sites in Semporna:  
(W) Asaphis violascens (BT/B/188), (X) Anomalodiscus squamosus, (Y) Gafrarium 
pectinatum (MT/C/157), (Z) Gafrarium divaricatum (MT/C/93), (AA) Periglypta puerpera 
(MT/D/Q1/184) and (AB) Pelecyora sp. (MT/B/194).
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Figure 6: Gastropod specimens identified from archaeological sites in Semporna:  
(A) Clypeomorus batillariaeformis (MT/A/122), (B) Rhinoclavis vertagus (MT/C/121),  
(C) Opisthoporus sp. (MT/A/22) (D) Conus sp. (MT/D/Q3/115), (E) Vexillum rugosum  
(MT/D/Q2/44), (F) Cyclophorus sp. (MT/D/Q3/158), (G) Monoplex sp. (MT/D/Q2/161),  
(H) Cypraea sp. (MT/D/Q1/9), (I) Ellobium sp. (MT/D/Q4/135), (J) Pleuroploca sp. (BT/
G17/177), (K) Volema myristica (MT/C/127), (L) Nebularia eremitarum (MT/D/Q4/71),  
(M) Chicoreus capucinus (MT/C/72), (N) Chicoreus brunneus (MT/C/71) and (O) Chicoreus 
sp. (MT/C/73).

Figure 7: Gastropod specimens identified from archaeological sites in Semporna:  
(P) Hexaplex cichoreum (MT/C/74), (Q) Drupella margariticola (MT/D/Q1/124), (R) Reishia 
bitubercularis (MT/D/Q1/126), (S) Nassarius arcularia (MT/B/202), (T) Nassarius coronatus 
(MT/D/Q2/137), (U) Nassarius dorsatus (MT/A/119), (V) Polinices sp. (MT/D/Q2/62),  
(W) Nerita albicilla (MT/C/24), (X) Nerita histrio (MT/C/84), (Y) Nerita plicata (MT/C/133), 
(Z) Nerita undata (MT/C/139), (AA) Neritina cf. pulligera (MT/C/23), (AB) Vittina turrita 
(MT/C/81), (AC) Oliva sp. (MT/D/Q2/42), (AD) Ovula ovum (BT07/A/3), (AE) Sulcospira 
spp. (MT/D/Q2/65), (AF) Paludomus everetti (BK/44), (AG) Planaxis sulcatus (MT/B/166) 
and (AH) Cerithidea cf. quoyii (MT/B/168).
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Figure 8: Gastropod specimens identified from archaeological sites in Semporna:  
(AI) Telescopium telescopium (MT/C/118), (AJ) Terebralia sulcata (MT/D/Q2/52),  
(AK) Terebralia sp. (BT02/P/Q2/15), (AL) Canarium urceus (BT08/C/11), (AM) Canarium 
sp. (BT08/C/10), (AN) Conomurex luhuanus (BT02/P/Q2/8), (AO) Laevistrombus canarium 
(MT/C/122), (AP) Lambis sp. (MT/D/Q1/204 & MT/D/Q2/170), (AQ) Tectus fenestratus 
(MT/D/Q2/49), (AR) Rochia nilotica (MT/D/Q1/94) and (AS) Terebra sp. (MT/D/Q2/99).

Figure 9: Gastropod specimens identified from archaeological sites in Semporna:  
(AT) Stenomelania spp. (BK/45), (AU) Tonna sp. (MT/C/114), (AV) Monodonta labio 
(MT/C/79), (AW) Vasum turbinellus (BT02/P/Q2/2), (AX) Lunella cinerea (MT/D/
Q2/71), (AY) Turbo bruneus (MT/D/Q3/99), (AZ) Unedogemmula indica (MT/D/Q1/118),  
(BA) Turritella sp. (BK/46), (BB) Filopaludina cf. javanica (MT/C/77) and (BC) Cymbiola 
vespertilio (MT/D/Q1/128). 
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In archaeology, whenever a large number of mollusc remains is discovered, 
the basic assumption is that it is part of the food refuse (Waselkov 1987; Thomas 
2015b). This assumption is often confirmed when the mollusc remains identified 
are edible species. In this study, most of the species of molluscs identified from 
the research sites were edible species, which made it clear that almost all of them 
had been exploited as food resources (Poutiers 1998a; 1998b). In fact, some of 
the species are still collected and consumed by the local Bajau Laut in Semporna 
today (Ridzwan 1993; Albert 2019). The Bajau Laut people live a semi-nomadic 
life, usually in boat-houses covered with thatches, although most had started to 
settle in houses on stilts along the coastline of Semporna but maintain a dominantly 
marine-oriented lifestyle working as fishermen and collecting marine products 
(Sather 1985; 2001; Halina 2007). Some of the Bajau Laut’s nomenclature of 
species identified in this study were ‘kohang’ (which includes various species of 
clams such as Anadara antiquata, Tegillarca granosa and Gafrarium pectinatum), 
‘tehem’ (oysters under the family Ostreidae), ‘kima’ (giant clams under the 
subfamily Tridacninae), ‘mestuli’ (murex snails such as Hexaplex chicoreum), 
‘sesoh’ (nerites under the genus Nerita), ‘binga-binga’ (turban snails such as 
Turbo bruneus), ‘baggungan’ (Telescopium telescopium), ‘limbi-limbi’ (Terebralia 
sulcata), and ‘buku-buku’ (Pleuroploca trapezium). 

In addition, artificial man-made cuts found on certain species of the mollusc 
remains also indicated that they had been processed specifically for consumption. 
For instance, the long-spiralled gastropods such as Sulcospira spp., Terebralia 
sulcata and Telescopium telescopium had their apices removed. Such condition 
was a clear sign of food processing as it is well-known that apices of long-spiralled 
gastropods need to be cut so that their flesh can be easily sucked out from their 
apertures (Meehan 1982; Zuraina et al. 1994; Bujeng 2009; Nilus et al. 2010). On 
the other hand, small-sized gastropods such as Nerita undata, Lunella cinerea, 
Paludomus everetti and Canarium urceus were mostly found in their complete 
state because their meat could be easily extracted from their apertures using 
a sharp-pointed tool (Meehan 1982). Additionally, bivalves such as Anadara 
antiquata, Tegillarca granosa, and Gafrarium pectinatum were also found mostly 
in complete state because their meat could be easily extracted as their valves will 
open automatically when heated by boiling or roasting (Meehan 1982; Suniarti  
et al. 2019). These observations on the condition of specimens strengthen further 
the interpretation that the samples were food refuse. 

The different habitats from which the identifiable molluscs originated from, 
as listed in Tables 1 and 2, suggested that subsistence activities took place in 
different environments, which required different gathering or foraging strategies 
and techniques. For instance, mollusc remains found on rocks in the intertidal 
zone such as Nerita undata, Monodonta labio and Lunella cinerea could be easily 
gathered during mid-tide (Poutiers 1998b). In addition, species living in seagrass 
beds such as Anadara antiquata, Gafrarium pectinatum and Canarium urceus 
could also be easily gathered during low tide by walking on the knee-deep shallow 
water. During high tide, certain tools might be needed such as a long pole with a 
net, locally known as ‘tangguk bergalah’ used by present day Malay fishermen to 
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gather cockles from the sea bed while on a boat (Hamid 1989). Other species such 
as the giant clams (Tridacninae sp.) are often found attached on coral reefs and 
could be collected by diving into the ocean (Poutiers 1998a; Neo 2020). Geloina 
expansa, which is usually found at upper mangroves that are more freshwater 
than saltwater, is best collected during low tide because it burrows into the muddy 
bottoms (Meehan 1982; Albert & Bujeng 2021). In contrast, the mangrove or 
estuarine species Terebralia sulcata is usually collected during high tide because 
it will climb on stems and roots of mangrove trees (Poutiers 1998b). 

Determining specific types of environment that the mollusc species 
originated from could only be done by identifying the specimens to their lowest 
taxonomic ranking as far as possible. In most cases, archaeological research often 
provided a general description of the original habitat of the mollusc remains, for 
instance by simply stating it as marine shells (see Datan 1993; Lertcharnrit  2005; 
Fajari & Kusmartono 2013; Sarjeant 2014). This study shows how important it 
is to do a detailed and comprehensive identification of the mollusc samples in 
order to be able to determine the types of environments the molluscs originated 
from. Some marine species of the same family can originate from different marine 
habitats, for example, Hexaplex cichoreum and Chicoreus capucinus are both 
from the Muricidae family but the former is found in rocky shores, while the latter 
is a coastal mangrove species (Poutiers 1998b; Tan & Oh 2002). Furthermore, 
the original habitat of the mollusc remains can provide useful insights into the past 
environment of the research sites. To date, most of the mollusc species identified 
in this study can still be found in Semporna today (Ridzwan 1993; Ridzwan & 
Kaswandi 1995). Therefore, it is highly likely that the past environments around the 
research sites from 3,000 to 800 years ago are closely similar to what it is today in 
Semporna, Sabah.   

Next, for the species richness, despite the total number of taxa identified 
is 90 (30 for bivalves and 60 for gastropods), the unit of species richness, which 
is NTAXA, only calculates the number of taxa identified at the highest common 
taxonomic level. This is as seen in Tables 1 and 2, where the absolute frequency 
of NTAXA is denoted by fi, while the cumulative frequency of NTAXA is denoted 
by Fi. Hence, the NTAXA value of bivalves is 21, while for gastropod is 46, which 
brought a total of NTAXA value for the whole assemblage from archaeological 
sites in Semporna to 67. Table 3 then compared the NTAXA values of bivalves 
and gastropods identified in the three archaeological sites, which showed that 
Melanta Tutup had the most species richness, followed by Bukit Tengkorak and 
Bukit Kamiri. This would give a possibility of a lower level of selectivity by the 
ancient community of Melanta Tutup when gathering molluscs compared with 
those from the other sites. This lower selectivity would mean that molluscs were 
gathered regardless of species without targeting any specific species. Perhaps the 
closer proximity of Melanta Tutup to the coastline (see Fig. 1) allowed the ancient 
community of the site to gather a wider array of molluscan species, hence not 
being selective, compared to the other sites. This is because marine species are 
generally considered more diverse compared to other environments (Rosenberg 
2014).
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Table 3: NTAXA values of the three archaeological sites from Semporna, Sabah.

Site/Class Bukit Tengkorak Melanta Tutup Bukit Kamiri

Bivalves 12 21 6

Gastropods 23 45 11

Total 36 66 17

However, it has also been widely documented that species richness 
is dependent on sample size. Smaller assemblages tend to have fewer taxa, 
and larger assemblages tend to have more taxa. In addition, a straightforward 
comparison of NTAXA between assemblages will inform more about differences in 
sampling rather than revealing the meaningful differences in richness ecologically, 
unless the sample sizes being compared are identical (Faith & Lyman 2019). 
Several statistical analyses can be used to evaluate species richness while taking 
sample size and sampling issues in consideration. The first one is sampling-to-
redundancy, which aims to examine the adequacy of one’s sample by plotting the 
incremental addition of material in order to assess at what point a sample become 
representative of an assemblage’s population (Mitchell et al. 2016; Faulkner et al. 
2018; Faith & Lyman 2019). The second one is rarefaction, which aims to estimate 
the expected NTAXA that would have been recovered had fewer specimens been 
collected (Woo et al. 2016; Faith & Lyman 2019). Next, regression analysis that 
uses one or more regression lines between sample size and NTAXA of multiple 
assemblages (Grayson & Delpech 1998; Faith & Lyman 2019). These statistical 
analyses would strengthen or correct interpretation made solely by comparison of 
NTAXA values, which is worth exploring further in future studies.

SUMMARY AND CONCLUSION

This study had identified a total of 90 taxa of molluscs, with 55 identified to the 
species level, from the three archaeological sites in Semporna, Sabah. Some 
specimens could only be identified to genus, family or subfamily levels due to 
the lack of distinguishable elements because of their fragmented and discoloured 
state for being buried for thousands of years. The identified mollusc remains 
originated from a wide range of habitats, but marine species dominated, which 
suggested that the ancient community of Semporna during that time had a 
predominantly maritime-oriented economy, yet also exploited resources from 
freshwater and mangrove environments as well. Most of the mollusc remains were 
determined to be food leftovers because they were edible species based on data 
from malacological literature, evidence of food preparation found on specimens 
as well as local knowledge from the local Bajau Laut villagers in Semporna. By 
calculating the number of taxa at the highest common taxonomic level, the total 
NTAXA value from all three sites is 67, of which Melanta Tutup has the highest 
NTAXA value of 66, followed by Bukit Tengkorak (36) and Bukit Kamiri (17). This 
suggested a lower selectivity in gathering activities among ancient communities in 
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Melanta Tutup, while those from Bukit Tengkorak and Bukit Kamiri probably had 
specific species targeted. However, such interpretation could be strengthened or 
altered by conducting statistical analyses that look into the relationship between 
NTAXA and sample size. Nevertheless, this study illustrated the importance of 
identification of mollusc remains uncovered from archaeological sites not only to 
interpret the behaviour of past humans, but also past environment and distribution 
of mollusc species in Semporna, Sabah.
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