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1. Introduction

In the coastal archaeology, there is a substantial list of criteria which are conventionally 
using to distinguish the nature and formation of cultural and natural shell compositions 
(Carter et al., 1999, 91). Among these, Edmund D Gill’s (1954, 249) ‘distinguishing marks 
of kitchen middens” is one of the earliest introduced criteria. He listed nine attributes of 
Aboriginal shell middens in Australia which were often confused with marine shell beds. Gill’s 
approach was widely discussed and tested by many other researchers since then (Bindon 
et al., 1978, Anderson, 1981, Cann et al., 1991, Attenbrow, 1992, Stein, 1992, Rowland, 
1994, Carter et al., 1999,  Ulm et al., 1999, Faulkner and Clarke, 2004, Gassiot et al., 2008, 
Bernaldez et al., 2008, Alexander, 2009, Bartosiewicz et al., 2010, Sullivan et al., 2011 and 
others referred in the text). The present study will examine the applicability of Gill’s nine 
attributes of kitchen middens to the coastal shell middens in Sri Lanka. 

In some cases, it is hard to distinguish a natural shell bed from a shell midden if both 
formations are reporting in the same region. Terms as ‘deposit’, ‘bed’ and ‘midden’ used in the 
texts interchangeably without a proper definition of the physical characteristics of a midden. 

As Sullivan and O’Connor state (1993, 776),

“A common phenomenon in tropical coastal environments is the contiguity in both 
space and time of prehistoric shell middens and cheniers. Discriminating between 
different types of shell deposits is a difficult task, often compounded by culturally 
derived shell deposited on the surface of natural shell ridges.”

The present study will not examine the attributes of coastal shell beds in Sri Lanka 
(Refer Katupotha for extended geological reviews of the matter) and explicitly focusing on 
the shell middens. Gill (1954) compiled the list by generalising the attributes of Aboriginal 
shell middens. Though there are no universal laws of midden formation, Gill’s attribute list 
can be adapted to find a way to define the local shell middens. Further, it can be developed 
ethnoarchaeologically by reviewing the attributes of Mesolithic shell middens and the 
recent kitchen middens. 

2. Background 

The early scientists as Wayland (1919), Wadia (1941) and PEP Deraniyagala (ARCM, 
1941, F2) believed the coastal shell formations were results of a land upheaval event. Latterly, 
Katupotha reported and emphasised the Pleistocene and Holocene sea-level fluctuations as 
the agent of the formation of the coastal shell beds (1989; 1990). Hungama Formation (HF) 
in Southern Sri Lanka is such a mid to late Holocene formation extending from Hungama to 
Bundala. Three high sea-levels episodes occurred between 6240 and 2270 yr BP was the 
causative of the formation (Katupotha, 1994, 142). 
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While such natural formations are forming, the culturally created debris was also 
accumulated in the association of such contexts. Contrary to the coastal shell beds, these 
“coastal kitchen middens” has a cultural origin and formed through the accumulation of the 
refuses discarded by the coastal inhabitants. It requires a systematic approach to identify 
and interpret these two types accurately. 

Map 1.  
Sites recorded from the Kalamatiya wildlife sanctuary and in  

association of  the Lunama lagoon. 

There are numerous archaeological studies commenced in the HF with distinct 
approaches.  In most cases, it was prehistoric studies lead archaeologists to probe the cultural 
formations in the region. Deraniyagala provided a brief account of a deposit he probed in 
Kalamatiya and proposed as a possible midden of Late Holocene (1992, 93). Further, from 
a site at Patirajawela, he recorded artefacts (n=328) and faunal remains within the shell 
stratum (Deraniyagala in Kaurampas et al., 2012). The site was reprobed by Kourampas 
and others (2012) but was unable to reveal any obvious evidence for human input in the 
intershell matrix within the part they have excavated (ibid, 09). This raises the concerns of 
defining a shell midden by based on its artefactual contents.

In another study, Adikari and Risberg (2007) commenced a regional survey with a 
series of coring to examine the stratigraphy of all the coastal shell beds in HF. Coring data did 
not provide a clear notion of the content in the shell bearing context and even the sites they 
located from Hamgodana near Malala Levaya mentioned as a possible midden by considering 
the artefacts and charcoal recovered from the coring (2007, 04) was not conclusive. Most 
recently, Kulatilake and others’ (2014) excavation of a burial in the Miniathiliya shell deposit 
in HF included Mesolithic cultural traits defined as a shell midden. However, the motives 
were not provided of the conclusion, and the researchers focused on the content of the 
burials. Among these, the coastal Mesolithic burial excavation of Pallemalala by Somadeva 
and Ranasinghe (2006) clearly stated the studied deposit is a natural chenier formation, 
which was used by the hunter-gatherers as a habitation floor.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Map 1. Sites recorded from the Kalamatiya wildlife sanctuary and in association of  
the Lunama lagoon.  

Site 1 

Rock (11) 

Dark greyish soil (111) 

Dark greyish brown soil (10) 

Dark greyish - blue soil (8) 

Shell midden (7) 
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Brown earth (5) 
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Top soil layer (1) 

Shell grit layer (2 , 3) 

Figure 1  Stratification of Site 01 - after excavation (Numbers are 
given for the contexts) 
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Katupotha’s radiocarbon dates show two clear phases of the formation of coastal 
shell beds and the human habitation on them (1995, 1042, 1054, 1059). While identifying 
many studied sites as coastal shell beds, he assumed the Karagan Lewaya (3050±100 BP) 
and Udamalala (4050±50 BP) as ‘shell middens sites’ by considering its location (“shells on 
the coastal hills and dunes were left by early inhabitants during their daily activities”) and 
content (Katupotha, 1988a, 127; 1988b, 346). 

In most studies, the artefacts in the deposits were outweighed while the shell matrixes 
were simply described. The correlation between shell population, size variation, densities 
and shell species and other attributes were not subjected to a detailed analysis.  Factors 
like these should examine to get a proper definition for the middens in the HF. There are 
numerous attribute lists to describe a shell midden. Among these, Gill’s list of nine attributes 
has to be one of the most cited and applied in many contexts over the world. The present 
study is attempting to test the applicability of these attributes to the coastal shell midden in 
Sri Lanka in a hope to provide a roadmap for the future local studies to follow as a general 
checklist of attributes.

3. Methodology

3.1  Field survey and sampling

After reviewing the previous studies, a field survey was designed under three phases. 

•	 Phase I - Regional survey in 2011: Field walk in the region from Rakawa to Lunama. 
Kalamatiya was identified as a potential site to be studied.

•	 Phase II - Testing in 2012: an area from shoreline to inland, ca. 3.7 km2 was surveyed 
in the Kalamatiya sanctuary and periphery by ground walking. An unsystematic 
vertical grab bag samples from the exposed sections was done to identify the shell 
size variation and soil composition

•	 Phase III - Data Recovery in 2014: Subsurface horizontal sampling done at a selected 
site in a unit of 1mx0.5m. For a detailed quantitative record, and analysis of the 
assemblage bulk sampling, column sampling and random sampling (Kipfer, 2007, 
219) was done. To ensure the relationship and pattern identification, an equal 
volume of soil bagged from each layer and sieved at the laboratory—this sieving 
process aids to reduce the bias of shell size variation as small shells. 

3.2  Materials

Shells of the phylum Mollusca are the main faunal remain retrieved and belong to 
the classes of Pelecypoda (Bivalves) and Gastropoda (univalves). The inclusions such as 
lithics, wastage, vertebrate faunal remains, potsherds, stones, charcoal in shell matrix were 
recorded separately. Material type and relative chronological sequence considered placing 
the artefacts in cultural and event sequence. Identifications, confirmation and nomenclatural 
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of shells were made by using the field guides and online catalogues as Marine Species.org 
and Rotterdam Natural History Museum collection and by Malik Fernando. Bones were 
identified by Kelum Manamendra-Arachchi. The terms and technology of the lithics are 
adapted from the Deraniyagala (1992) classification and classified by Nimal Perera. 

3.3  Data Analysing

The present study use both qualitative and quantitative methods. Taxonomic lists, 
habitats, species preferences, conditions of the shells, artefact typologies, stratigraphic 
frequencies of the artefacts and the faunal remains were prepared. Every single faunal 
remain will be named here as a specimen either it is completed or fragmented. Identifiable 
specimens were used to calculate the Minimum Number of Individuals (MNI) and the 
Number of Identified Specimens (NISP) (Brewer, 1992). Only the complete shells and beaks 
were used to count the MNI. NISP recorded to examine changing taxonomic frequencies 
through time. Highly fragmented specimens were not counted and weigh as a bulk of each 
context. The relationships between shell size and distribution in each context, conditions 
of the shells, economic values of the shells, material other than shells in the deposit are 
considered to obtain analytical data outputs. 

Anatomy and axis measurements are taken by following the available standard refer-
ences (Fernando, 1977., Powell, 1976., Muckle, 1985; Fernando, 2009). Length and width 
of each collected shell were measured to the nearest 0.01mm. As the size of the shells is 
a concern, a particular reference chart was prepared for measuring left and right valves 
of Meretrix sp. shells (fig. 1) illustrating fifteen shell sizes in the height range of 5 mm to 
50 mm. The molluscs remain types (burnt, broken, fragment, whole shell and so on) were 
defined and analysed according to the classification of Carter and others (1999). Size less 
than <15mm in length was considered as 'non-edible' or 'non-economic'.

Grain size analysis was done to identify the formation of the sedimentary deposit. 
Few samples of 50 ml were tested. The organic materials and silt were washed with water, 
and the remained sediment treated with Hydrochloric Acid (HCL) / Sulphuric acid (H2SO4) 
conc solution of 10 ml for 30 minutes for removing the calcareous particles. The grain sizes 
and the shapes are classified accordingly to the Archaeological Site Manuel of the Museum 
of London. 

No dating attempt was made, and the stratigraphic sequences of the dated sites in 
the region will be used for relative dating.

4. Results

4.1 Field Survey 

In the whole study, fifteen sites recorded from the exposed sections. One site 
contained archaeological materials which named as the site 1, will be based to the present 
study. 

III
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4.1.1 Site 01 - Kalamatiya Sanctuary (60 04’ 56.9’’ N - 800 56’ 08.6’’ E)

A shell midden identified from an exposed near-vertical bank of a shell mining pit 
in a site located on a headland between the sea and lagoon. Grey coloured patch of shells 
ca. 15cm thick exposed in the section of in situ deposit includes some bone fragments and 
possible wastage of lithic manufacturing, and these features indicated a possible ‘shell 
midden’. The feature appeared to be a small, relatively shallow lens when comparing with 
the extensive shell beds in surrounding and much beneath layers. 

4.1.2 Contexts and Phasing

Nine layers were recorded and sorted into eleven contexts (fig. 1 and 2). Considering 
the transposed primary contexts, use related primary contexts and natural secondary 
contexts (after Kipfer, 2007, 23), the stratigraphic sequence of the deposit divided into four 
phases; i.e. phase I - pre-occupational phase, phase II - Mesolithic habitation, phase III - 
historical, phase IV - recent (terminus post quem 1900 AD with Lissachatina fulica shells). 
Phase II comprises with contexts 7, 8 and 10 has the traits of a cultural sequence.

4.2 Size and content of the deposit

The shell deposit consists of shallow layers of 10 - 25 cm. The shell deposit’s non-
sedimentary content included shells, fragments of bones, charcoal, lithic and product waste 
of quartz and chert (two types), stones and four potsherds. Bones include both fish bones 
and terrestrial animals. 
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4.2.1 Taxonomic list and NISP (molluscs)

Total NISP of shells is 5165 (Meretrix meretrix- 4923/ abundance rate 95%, Cerithidea 
cingulata-115/abundance rate 2% and other species - 127/abundance rate 03%) and 
identified with 15 proper taxas, one undefined taxon and two undiagnostic shell types 
(Table 01). C7 shows the highest taxonomic abundance (n=12). From the total number of 
Meretrix shells from all strata, 47% (n=2393) retrieved from the 7th context, and it is 96.5 
% of the shells in that particular context. Abundance rate of the other eleven species in 
the context is 3.5%. Four of these species having one occurrence (n=1) while another four 
species appear less than eight. A detailed list of NISP of each taxon from the contexts is 
given in table 1 and chart 1.

Table 1  
Molluscs species frequency (by NISP) in each context, Site 01  

(colour key given below)
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1 Meretrix meretrix 5
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not 
counted 
(recent 
dump-
ing)

 
 
 
 
 
 
 

412 2309 935 926 336

2 Anadara granosa     12 9  8 10
3 Donax cuneata   1 1   1  
4 Saccostrea sp.     1      
5 Umbonium vestiarium   1  2    1  
6 Cerithidea cingulata 2 11 34 26 28 10
7 Acavus heamestoma     7 18  15 1
8 Aulopoma hofmeisteri   1 19 10 22 4
9 Oigospera polei       1 1  
10 Beddoma trifasiatus     2 2    
11 Lissachatina fullica 2          
12 Papyridea soleniformis?     1      
13 Tapes sulcarius        1   1
14 Purpura persica           1
15 Cryptonatica operculata 1
16 Eunaticina sp.?     4  2  1  
17 Extinct bivalve species?     1    1  
18 Bivavle shell (calcareous)    1  
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 412 2309 935 926 336 
2 Anadara granosa   1   12 9  8 10 
3 Donax cuneata     1 1   1   
4 Saccostrea sp.       1       
5 Umbonium vestiarium   1 1  2    1   
6 Cerithidea cingulata 2 1 11 34 26 28 10 
7 Acavus heamestoma       7 18  15 1 
8 Aulopoma hofmeisteri   2 1 19 10 22 4 
9 Oigospera polei         1 1   
10 Beddoma trifasiatus       2 2     
11 Lissachatina fullica 2             
12 Papyridea soleniformis?       1       
13 Tapes sulcarius          1   1 
14 Purpura persica             1 
15 Cryptonatica operculata     1   
16 Eunaticina sp.?       4  2  1   
17 Extinct bivalve species?       1    1   
18 Bivavle shell (calcareous)        1    
  Traces of cultural occurrence   indirect evidence / small part of a shell 
 Direct evidence with whole or acceptable part of shell  
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4.2.2 Habitats of the molluscs

The total 18 species are representing a diverse range of habitats as four lagoon/
brackish water species, seven marine species, five terrestrial species and two possible marine 
species. The habitat preferences are range vertically from subtidal zone to dendrocolous. 
Three aquatic species most commonly represented in the samples inhabit shallow water 
and water’s edge of intertidal mudflats. The known ecological attributes of the identified 
species are listed in Table 2. 
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Context 5 Context 6 Context 7 Context 8 Context 10 Context 11
Land 2 1 28 31 38 5
Marine 1 2 9 5 4 2
Lagoon 2 11 47 35 36 20

Chart 1 Frequencies of lesser molluscs species (by NISP) in each context against 
their habitat range in Site 01 (without M. meretrix) 

 

Chart 1 
 Frequencies of lesser molluscs species (by NISP) in each context against their 

habitat range in Site 01 (without M. meretrix)
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Table 2 
Ecological preferences of the molluscs recovered from Site 1

Brackish water - lagoon Marine Land

Species Habitat

1 Meretrix  
meretrix

Intertidal or uppermost intertidal or subtidal or whatever

2 Anadara 
granosa

Intertidal silty bottom with relatively low salinity -brackish water, littoral 
area 

3 Saccostrea sp. Intertidal zone attached to hard substrates and also in mangroves
4 Cerithidea 

cingulata
Intertidal mudflat and shallow pools, upper shore and at depth of 0.3 to 
0.5 m, edges of lagoons, muddy sands, muddy banks of brackish water 
channels and in and out of water at edge 

5 Donax cuneata Shallow inshore waters off gently sloping sandy beaches
6 Umbonium 

vestiarium
Intertidal sandy beaches, and restricts to mid tide zones and avoids sand 
of finer grade or sand mixed with mud

7 Papyridea  
soleniformis?

Marine

8 Tapes sulcarius Marine sandy bottom
9 Purpura persica Marine, rocky shore near low tide level and intertidal rock pools
10 Cryptonatica 

operculata
Marine

11 Eunaticina sp.? Shallow tidal flats to 20-40 meter depths 
12 Acavus  

heamestoma
Terrestrial - arboreal snail commonly found in the natural forests and 
home gardens that are in close proximity to natural forests and have 
dense canopy of large trees and a well-developed layer of shrubs and 
saplings

13 Aulopoma  
hofmeisteri

Terrestrial gastropod

14 Oigospera polei -
15 Beddoma  

trifasiatus
Arboreal gastropod

16 Lissachatina 
fullica

Terrestrial – arboreal

17 Extinct bivalve 
species?

-(possible marine and deep water?)

18 Bivavle shell 
(calcareous)

-(Possible marine)
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4.2.3 Size of shells- Meretrix meretrix (NISP and MNI)

The size of the shells will use as an underlying assumption for the analysis. Shells of 
dominating M. meretrix divided into fourteen size ranges. Non-economic (<13mm - 15mm) 
shells divide into five size ranges and edible shells (15mm-50mm) into nine size ranges. 
Data reported through the NISP and MNI (Table 03).

Table 3  
Size variation frequencies of Meretrix meretrix (NISP and MNI)  

in each context in the Site 01
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 m
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 (2
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 m
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12
 (3

0-
35

 m
m

)
13

 (3
5-

40
 m

m
)

14
 (4

0-
50

 m
m

)

1 - 4 (Shells from a later filling. Not counted)

5 No shells include

6 78.7 412 235 153 103 75 19 28 16 9 5 3 1     

7 11570 2309 1226 59 116 123 87 87 151 279 616 632 142 12 1 4  

8 1389 935 493 239 220 155 79 71 56 50 37 17 4 3 4   

10 615 926 501 179 165 148 132 72 59 56 50 37 17 4 3 4  

11 114.2 336 169 102 91 46 27 27 13 10 13 4 1 0 0 1 1

Total 13766.9 4918 2624 732 695 547 344 285 295 404 721 693 165 19 8 9 1

4.2.4 Non-mollusc fauna - marine and terrestrial 

Numerous specimens of faunal remains recovered (n= 82 from C6 - 5, C7 - 7, 
C8- 36, C9 - 10, C11-24) (including 09 vertebrae, 10 fish otoliths, 02 teeth). Only Rusa  
unicolor (sambur) by its right astragalus bone and Epinephelus malabaricus (Eng. - Malabar 
grouper, Sin - Gas Bola / Gal Kossa) by its otolith could identify to the species level. Other 
remains of bony fish (fish vertebrae, otoliths, and tooth),  birds (patellar, malleolus, 
and condyle of the tubular bones) mammals (tubular bones and tooth) were retrieved.  
Faunal remains are fragmented and covered with a highly cemented brown mud-sand 
layer (Fig. 03).
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Figure 3  
 Faunal remains from the Site 01 

(except the lower right sample from the site 08. Drawn by the author)

4.2.5 Lithics : 59 lithic recovered from the C6 (n=7), C7 (n=23), C8 (n=9) and C10 (n=20) 

(potential edge - point tool (n=1), possible micro blade (n=1), flakes (n=40), cores 
(n=9), core with used marks (n=2), manuport pebbles (n=5), used hammer stone (n=1). 
Raw materials are chert (brown and yellowish brown), quartz (milky and clear types) and 
granitic gneiss (Fig. 03).

Figure 4  
Some selected lithic from the context 07 of the sampling unit of Site 01 (Drawn by the author)
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4.2.6  Pottery

Two red ware potsherds found from the upper horizon of the context 05 and two 
small pieces of burnt clay (<2.5 cm) recovered from the lower horizon of the context 06. 

4.2.7 Charcoal

Inclusions of charcoal and ashy soil are characteristic to context 07 and rarely noticed 
from the lower contexts. The charcoal is highly fragmentary.

4.3 Soil and contents

The whole stratigraphic unit of the site has zonal soil with distinct horizons. Lower 
horizons have silty clay texture with aggradation of lagoon silt while upper horizons gradually 
change to sandy clay. A unit of 100 g soil from context 7 contained organic and silt (27.77 g), 
shell grit (12.79 g) and sand (59.49 g). Sand grains are very fine (1/16 - 1/8 mm) to medium 
sand (¼- ½ mm) and angular in shape and low to mid in sphericity. 

5. Analysis and discussion

As the present study is focusing on the applicability of Gill’s list of attributes to the 
Sri Lankan context, the headings are given below are adapted from his text.

5.1  The presence of charcoal, burnt wood, blackened shells and such evidence of fire.

Gill (1954, 249) shows the charcoal, burnt wood, and campfires are indicators of 
shell middens. Though there is abundant charcoal both within and surrounding the shell 
deposit, there is no clear sign of localisation which can interpret as a campfire. However, 
the charcoal and the ashy soil in the C7 is a sign of long term accumulation. These ashes 
could be residues of, i.e. dry palms, hay or dry leaves which are not leaving charcoal traces. 

The most significant feature is a large number of fragmented shells with colour staining 
of dark grey. This is an indicator of the molluscs cooked by putting them into an open fire. 
Similar colouration and the texture noticed from the shell middens in other countries as 
well (Bindon et al., 1978, 169, Carter et al., 1999, 90) and used as an analytical basis to 
separate middens from natural deposits. The colour staining and texture of the chenier 
shells characterised by white tinged shells in the clean yellowish sand which can distinguish 
from the midden contents, which is dark and contained organic burnt organic materials. 
Further, some bone fragments have visible burnt marks.

5.2 The charcoal and shells often have a rough stratification and no fine features of 
sedimentation such as commonly found in water-laid deposits.

While the distribution of the fragmented shells (both burnt and unburnt) showing a 
higher accumulation within the context 7, such remains along with the other artefacts were 
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received from the contexts beneath. Though the contexts can define with the indistinct 
colouration and by the content, no visible stratigraphic units could be identified from the site 
01, except from the contexts 05 and 11, which have sedimentary contents, and no artefacts.

5.3 The presence of aboriginal implements, and/or of numerous unworked flakes of 
flint. Commonly found also are pebbles of hard rock which could not occur there 
naturally.

Lithic found from the contexts 06, 07, 08 and 10 are prominent and are the most 
apparent material evidence of the human agency in the formation of the site. The 
assemblage contained some artefacts and pebbles. Comparing with the other finding in Sri 
Lanka (Deraniyagala, 1992), flakes, and lithics made from quartz and chert can assign into 
the Mesolithic phase. Though the assemblage is not large, it includes smaller flakes, irregular 
cores, waste products from microlith production and the absence of any definable tool types 
is significant. Available flakes and cores suggest on-site manufacturing. On the locations of 
implement manufacturing, it is possible to occur artefacts as quartz lumps and untouched 
flakes (Allen, 1989, 114). The diversity of the raw materials indicate they were transported 
from the surrounding to the campsite. Quartz nodules may obtain from river pebbles as 
the cortex of many flakes remained with water warn surface. For precise identification, 
stone assemblage classified into the following classes (Attributes of Deraniyagala (1992) 
were considered). 

Class I  -  Edge trimmed artefacts without form trimming. 

   Type 1. small edge trimmed flake 
 subtype (a) scraper 

Class II  -  Potential edge and point tools without use marks or secondary trimming

Class III  - Cores (nuclei) displaying negative scars from flake or blade production

Class IV -  Waste flakes, namely by-products of knapping

Class V  -  Nonflaked stone artefacts, including manuports with use marks and grind-
stones

Class V  - Nonartefactual lithic ecofacts

It should note a site studied by Deraniyagala located opposite shore of the lagoon 
(Henagahapugala- Site 57) provided the most recent date of 1240 BC for the use of stone 
tools in Sri Lanka (Deraniyagala, 1992, 97). 

Also, it should note the presence of potsherds in the termination phase of the shell 
midden. Though the remains are negligible due the size of the remains, midden studies 
might shed light to the current discussion of the Mesolithic hunter-gatherer transition in 
Sri Lanka (Deraniyagala, 1992, 19, Somadeva, 2006, 82, 287).
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5.4  The presence of shells which do or could live on the contiguous coast 

Gill proposes the presence of shells, always of extant molluscs, which do or could live 
on the contiguous coast as a sign to define a midden. It has been noted that there is a very 
close correlation between the shells of the middens and the facies of marine life present 
on the adjoining coast. The changes in coastal physiography are accompanied by equally 
significant changes in the molluscan fauna and thus also in the shells of the middens (Gill, 
1954, 249).

Katupotha and Wijayananda assume the fossil shells found in shell deposits of the 
Southern coast of Sri Lanka are perhaps lived in the intertidal zone of embayments and 
lagoons that extend 3km or more inland from the present seashore in the middle Holocene 
(Katupotha and Wijayananda, 1989, 228). Shell middens in Patirajawela represent only a 
single species of intertidal (Deraniyagala, 1992, Kourampas et al., 2012). Findings from the 
Miniathiliya shows a range of species of land, estuarine and marine habitats (Katupotha 
1995; Kulatilake et al., 2014, 3). 

In the present study, Meretrix meretrix dominates all other 17 mollusc species 
recorded (Table 1), it is fair to assume the adjacent environment was more of brackish 
water lagoon similar to present Kalamatiya-Lunama lagoons. Other species as Anadara 
granosa, Saccostrea sp and Cerithidea cingulate are also commonly consumed. Though the 
M. meretrix is not reported from the current biome, still they can find from the lagoons 
eastward of Kalamatiya. These most common aquatic species in the samples inhabit shallow 
water and water’s edge of intertidal mudflats. 

The NISP of the seven marine species is 23, which is only 8.2% of the total number of 
shells (calculated without M. meretrix). From these, Donax cuneata, Papyridea soleniformis, 
Tapes sulcarius, and Purpura persica are edible and Umbonium vestiarium, Cryptonatica 
operculata and Eunaticina sp are common shore species which have a lustrous shell. As 
there are few non-edible shells reported, it is hard to conclude their origin. 

The NISP of the 05 terrestrial species is 151 (54.1%). The presence of wetland 
species as Aulopoma hofmeisteri, Acavus heamestoma and Beddoma trifasiatus is highly 
significant as the current conditions of the environment are semi-arid. We have proposed 
the possibility of micro-climatic changes in the intermediate zone of Sri Lanka during 
the mid to late Holocene of Sri Lanka is currently studying (Siriwardana, 2015). Further, 
the ecomorphology of the A. heamestoma is significant as much as their presence in a 
semi-arid region. The reduced size and the shape of these shells in the midden are highly  
distinct from the modern live species, suggests a regional micro-evolutionary process, and 
this matter is also continuing as a further study. However, the morphological characteristics, 
nature and the abundance of the terrestrial shells indicate mangrove or forest vegetation 
associated with the lagoon environment. Such a diverse environment with abundant 
coastal resources might attract the Mesolithic hunter-gatherers toward a more sedentary 
lifestyle. 
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5.5.a.  Midden shells are of edible species and edible sizes

5.5.b. Sometimes aboriginal kitchen middens give evidence of a degree of selection 
which could not apply to marine shell beds. Middens often have local layers which 
consist almost entirely of specimens of one genus.

Here, the traits similar to the Gills fifth and sixth attributes will be discussed together.

5.5.1.  Edible species and degree of selection

Gill (1954, 251) and Attenbrow (1992, 15) had defined non - edible species based 
on their size. If an individual animal is too small to provide a reasonable amount of 
flesh, it was considered as non-edible. Edibility often depends on the maximum size to  
which a particular species grow.  Gill states it as “in the emerged shell beds there are 
numerous shells of species too small for food”. Diagnostic elements representative of each 
taxon is determined, then sorted and counted in establishing the minimum number of 
individuals (MNI).

Context 7 recorded the highest MNI (n=1226) of M. meretrix. The shells in this 
context are mostly fragmented and contained 11.5kg of shell debris (84% of whole meretrix 
shells) showing clear burnt and shucking features. Though the MNI of this species shows 
the preference of the consumers, the negative survival rate of the diagnostic elements 
of the dominating taxa’s level underestimates the actual frequencies. Therefore, the 
higher preference for a single species is apparent when thinking of both denominators. 
The preference for this single species reported in prehistoric subsistence from the other 
prehistoric cultures as well (Rao et al., 1988, 41, Allen, 1989, 101).  A secondary preference 
can see from the Anadara sp. which was also usually consumed species world over and 
often recorded from middens as well (Biagi, 1994, 24, Carter et al., 1999,88, Rainbird, 2004, 
105, Bourke and Hua, 2009, 176). 

NISP of the other mollusc species is little when compared with the dominant species.  
Except for Meretrix sp., the shell weight of all other species in the deposit is 355 g (<0.8% of 
the whole assemblage), and MNI is 5% from the whole. The reasons as less tasty than the 
predominant types, may not occur in sufficient abundance to gather or were less accessible 
as those in deep water might cause to prefer a single species (Siriwardana, 2013). The species 
as Cerithediea cingulate, Umbonium vestiarum, Aulopoma hofmeisteris, Oligospera polei, 
Beddomia trifasiatus are non-edible as they do not provide a sufficient portion of meat. 
Acavus heamestoma do not show any sign of usage.

The occurrence of the non-edible molluscs in the midden contexts can occur naturally 
or as a result of the accidental collection along with the edible shells. Similar events recorded 
ethnographically as well (Siriwardana, 2009). Also, it should note the species in the modern 
middens (Perna sp.) of the region are lacking in the archaic middens. 
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5.5.2.  Size

Midden shells are usually compositing with edible sizes or so-called ‘economic species’ 
(Taylor, 1891, 89, Gill, 1954, 251-2., Anderson, 1981, 114, Raab, 1992, 72, Carter et al., 
1999, 91, Siriwardana, 2013, 248). On the other hand, natural shell beds have numerous 
shell sizes at all stages of growth, including sizes too small for food (Gill, 1954, 251-2). As 
Gill shows, Aboriginal people tended to collect the individuals in a larger size (adult) range 
of a species. However, this can depend on the size of the shell population available when 
collecting (Attenbrow, 1992,16). 

Shells of dominating M. meretrix received from the contexts of the Site 01 divided 
into fourteen size ranges (Table 03). The stratigraphic distribution pattern of these shows a 
clear difference in the ratio. Shells measuring 15 mm to 50 mm forms the most substantial 
portion of mollusc’s remains in the midden context (C7) and it is 89.2% while the size class 
01 mm - 15 mm make up less than 10.8% of the same layer. The shell sizes in the lower units 
show individuals measuring 01 mm - 15 mm (78.8%) followed by those measuring 15 mm 
- 50 mm (21.2%). Individuals classed above 21 mm constitute less than 5.5% in the context 
8-10 while the context7 has 38.4% of individuals above that range (chart one and table 3).

As the above data derived from two unequal units, again, the fourteen sizes were 
separated into two size groups by assigning seven sizes into each group. Yet the results 
give a ratio of 1:3 of small vs large shells in C 7, which is varying from 4:1 to 22:1 in the 
other contexts. It should note that these other contexts provided a small number of shells. 
Further, the fragmented shells were observed as derived from the large shells in the C7 it 
is 84% of the whole fragments of shells. Hence, the consequent of the above ratio should 
be higher than the antecedent. 

Further, it should note the size variation noticed among the burnt/fractured shells 
and the unburnt/fractured shells. The full shell sizes were drawn from the table and classed 
into the ranges of 8-9 and 10-11, respectively. Though all are in a mixed matrix, this variation 
can occur as a result of collecting shells within two different times in a single season or 
two distinct periods. The taphonomic features of the two types show a tendency in favour 
of the second. It can assume the location was in frequent use from time to time, and the 
inhabitants might have a mobile lifestyle either along the coast or from inland to the coast.

It should note that some researchers draw the attention of the cases where the small 
bivalves less than <15mm were used and even transported to the inland (Rowland, 1994, 
120) and the possibility of phenotypically and genetically caused size reduction through 
time in a population (Randklev et al., 2009, 206). Also, Burchell and others (2007) suggest 
a scientific method to analyse the measure of shellfish collection strategies by using size 
variations. As they hypothesised the intensive gathering of shells gives a higher population 
of mature growth, the selective gathering gives a more significant proportion of adult 
shells, and casual collection gives a mixed-age profile (Burchell et al., 2007 poster). These 
perspectives should be raise and consider by future researchers in Sri Lanka. 
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5.6.  As midden shells are collected by hand from where they live, their surfaces  
are not worn as is the case with most beach shells. 

Some of the complete shells of M. meretrix have a sheeny surface. Generally, the 
shells are well preserved and do not indicate any sign of water rolling. A thinly cemented 
mud layer on the shells and bones is the only visible post-depositional alteration. This 
indicates a later inundation of the midden by the increasing levels of the lagoon water, a 
sign of sea-level changes (Katupotha and Wijayananda, 1989). The molluscs might collect by 
hand, and there is no direct evidence except the shells size to identify the retrieval method. 

5.7 The fracture of the shells. 

Researchers (Taylor, 1891, 90, Gill, 1954,251., Bindon, et al., 1978, 168, Cann et al., 
1991, 166) stated that shells in middens have different fracture patterns which differ from 
the shells in natural shell beds as a result of the method of collection and processing. Adikari 
and Risberg used this same criterion to interpret the anthropogenic shell accumulations at 
Hamagodana in Southern coastal Sri Lanka (2007, 06).

There were few articulated shells in the stratigraphic sequence, and most of the 
shells are fragmented. 13.8 kg of fragmented shells recorded from all the contexts shows 
a clear sign of intentional break opening of the bivalves and the gastropods. Fractures are 
common in the dominant species Meretrix and noticeable in the Anadara and Perpura 
persica shells. The angular fractures of these shells are not visible from the other shells 
in the same context suggest the human agency. Studying fracture patterns can assist in 
defining the shell matrixes even in the cases where the debris are mixed with the natural 
formations (Hughes et al., 1978, 160). 

5.8 Middens have in addition to the shells have aggregations of the bones of land and 
sea animals used for food by the aborigines. 

Bones belonged to both terrestrial and aquatic species were recorded. All the bones 
are fractured, and only the processes of limb and rib bones remain. A Large number of 
vertebrae with distinct centrum and transverse process have belonged to Osteichthyes (bony 
fishes). A one larger trunk vertebra from the C07 can belong to a fish long as ca. 1.5m. As 
identified through the otoliths, Epinephelus malabaricus (Malabar grouper) (Gas Bola / 
Gal Kossa in Sinhala) were fished. The juveniles of this species found in estuaries and from 
mangroves. Mature animals migrate towards near-shore and outer reef systems to depths 
up to 120 m and adults growing largest up to 130 cm (Rome and Newman, 2010, 07) and 
most famous for spearfishing (Schembri and Tonna, 2001, 131). Further, the recorded fish 
tooth is from a bottom feeder. 

Burnt bones of Rusa unicolor (sambur) show the levels of big game hunting. Large 
fragmented bones are from terrestrial mammals. The fragmentary level does not aid to 
identify its species as well. Small rib bones and limb bones are belonged to birds and possibly 
of the aquatic birds. However, the species could not identify. 
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These faunal remains reported from context 8 and 10 with lesser shells indicate 
the inhabitants consumed the birds (aquatic) and marine animals as well as terrestrial 
mammals. It was only in a certain period which formed the C07 they primarily consumed 
the molluscs. The region has higher biodiversity consisting of 24 mammals and 168 bird 
species. Also, a large number of marine (n=185) and lagoonal-freshwater (n=35) fish 
species are a potential food source. In some cases, molluscs were considered as a famine 
food when all other sources are not available. As can be seen from the present site, the 
inhabitants relied on the other sources and then started to harvest molluscs extensively 
along with the other animals.

6. Conclusion

 The present study was based on a coastal shell midden overlying a natural shell 
bed. The stratigraphic sequence from C 6 to C 10 indicates habitation of Mesolithic 
hunter-gatherers who relied on the coastal resources for their subsistence. Their changing 
preferences of aquatic and terrestrial fauna against the molluscs’ sources are visible through 
the archaeological record. Virtual exclusion of all other faunal remains, including fishbone, 
the excavated faunal assemblage consisted entirely of the remains of shellfish. The large 
quantity of shells recovered from the Context 07 the nature of the shells indicates the 
features of a midden. The entire assemblage dominated by a single species (M. meretrix), 
with some variability demonstrated in the second most commonly occurring species, 
most evident in a comparison of the lower levels. Lagoon species dominate the entire 
archaeological shell assemblage indicating this habitat as a key resource procurement zone 
throughout the occupation of the site. It can suggest these inhabitants had ichthyophagy 
subsistence, and the fishing may limit to the littoral area as the vertebrae are belonging 
to small animals. Inhabitants then highly relied on small game hunting apart that of small 
fishes. The exploitation of shell sources was not frequently visible at these levels, and 
it becomes dominant only at context 07. One large bone piece (from a large mammal) 
recovered from the site showing characteristic round, the symmetric shape of its corners 
and at the core. It seems abraded intentionally, but for an unknown reason. However, it can 
assume the inhabitants at site 01 access to the near-shore - lagoonal fish sources and done 
spearfishing (?) as well. Therefore, it is good to say the inhabitants not strictly depend on 
molluscs while they had abundant fish sources. Their ‘ichthyophagy’ or fish-eating lifestyle 
combined with the all available aquatic life forms. Seeking for larger molluscs is thence 
pivotal but not a sole resource.

The present study attempted to reorder these noticeable features through one of 
the most accepted criteria of shell midden study provided by Gill (1954).  This should not 
consider as a final remark or a definite checklist for the shell middens in Sri Lanka. Each 
midden has its own identity, and the researchers must familiarise with what they are 
handling. For instance, two different strategies of mollusc gathering presented by Meehan 
(Meehan, 1982, 69 in Campbell and Schmidt, 2001, 113) and Anderson (1981, 1981, 114) 
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were conclusive, but their studied sites were located in a soft shore and a rocky shore 
respectively. Hence, every single site should study as a unique which has its depositional 
history. We would like to suggest to working in the kitchen middens somewhat cautiously 
as every single shell has its own story to tell only if the researcher has time to listen. The 
excavators must do perform an in-depth study of the regional environment, current ecology, 
climate changes and so on as all such have a direct or indirect link with the midden and 
then to the interpretation. The kitchen midden studies in Sri Lanka is still developing; hence 
the studies can take fresh initiatives. 

As it was noted from the present research, it can be developed to study the encounter 
- contingent prey choice, or the gathering process and the contribution of women as the 
gatherer and many such concerns of the past human behaviour. On the other hand, there 
are possibilities of studying the micro-climatic changes occurred in the intermediate zone 
of Sri Lanka as we have proposed in 2015 (Siriwardana, 2015) which will provide answers 
to the matters raised in the present study and will open many questions to working on. 
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