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Abstract

The aim of this study is to present the anthracological results from three archaeological sites
located in the North, North West and South East of Sri Lanka. The study is based on the
observation and analysis of 1689 charcoal fragments using for support the reference
collection of South Indian wood at the Institute of Archaeology ( UCL), Inside Wood (2004-
onwards) and several wood anatomy atlases. Mantai (200 BCE-850 CE), an urban site, has
yielded 25 taxa with significant presence of cf. Cocos nucifera among other taxa.
Kantharodai (400-170- BCE), an urban site, has yielded 19 taxa from arid zones (Fabaceae,
Rubiaceae), mangroves (Rhizophoraceae) and dune zones (cf. Cocos nucifera). Kirinda (500—
900 CE), a fishing settlement, has yielded 24 taxa including Fabaceae (Dalbergia, Acacia)
and Rubiaceae, belonging to dry deciduous forest and open savannas. This collective data set
allows for the identification of discernible patterns related to the use of ecological interfaces
between the forest and the open plains, used and actively managed by humans, and the
possibility to identify if this changed with an increase in maritime trade and/or changes in
agriculture over time. This study provides evidence of the differences in the vegetation
present as well as use of wood fuel and other specific uses of wood for each site examined. It
also sheds new light on tropical anthracology regarding quantification and accuracy in taxa
identification.
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1. Introduction

Tropical areas represent over 40% of the world's surface. In these areas, research in
archaeology has been carried out unevenly, largely according to the countries' socio-
economic and political situations and specific scientific issues (see Stahl 2004; Mercader et
al., 2002; Higham, 1996; Dotte-Sarout, 2017). Archaeobotany (seed/fruit, phytolith) research
is generally focused on aspects related to agricultural origins and early domestication with
efforts focused in certain regions and select staple/plant evidence providing synthetic
overviews on these key issues (Kajale, 1991; Hather, 1994; Fuller et al., 2004; Murphy and
Fuller, 2017; Pearsall, 2019; Hohn, 2018). Anthracology, is perhaps the least studied of the
applied environmental archaeological sub-disciplines, especially in tropical regions. Some
fairly recent anthracological studies have been undertaken regionally in South America
(Scheel-Ybert, 2000, Scheel-Ybert, 2002, Scheel-Ybert et al., 2014; Martin-Seijo et al.,
2020), Southeast Asia (Thompson, 1994); Oceania and Australia (Dotte-Sarout, 2010, 2011;
Dotte-Sarout et al., 2013, Dotte-Sarout et al., 2015, Dotte-Sarout and Kahn, 2017) and Africa
( Neumann 1992; Hohn, 2007, 2018; Neumann et al., 2012; H6hn and Neumann, 2018;
Eichhorn and Neumann, 2016, Hohn et al., 2018). Other encouraging charcoal research is
preliminary studies which have specific analyses contributing to the site's environmental
archaeological approach (see Lancelotti, 2018, Lancelotti et al., 2013, Mvimi, 2019; King and
Dotte-Sarout, 2019; Ekblom et al., 2014; Bodin et al., 2019; Franke et al., 2020; Byrne et al.,
2020). The International meeting of anthracology has seen the development of studies on
tropical areas by several groups and/or individuals working in different areas throughout the
world. The number of studies in these tropical regions has been fluctuating from 0 to 3
(Vernet, 1992; Thi¢bault, 2002; Fiorentino and Magri, 2008; Damblon, 2013; Badal et al.,
2012; Ludemann and Nelle, 2017a ;2017b; 2018; Asouti, 2019). The low number of studies
in tropical areas is likely related to the fact that the conference has only been held in Europe
and focuses on charcoal research being carried out in Europe or Western Asia. The current
paper reports the first archaeological wood charcoal study from flotation carried out in Sri
Lanka.

Sri Lankan flora is extremely important as a source of plants for multiple purposes including
food, fuel, craft, timber, technology, and medicine for humans (Willis 1915; Perera 1975,
2012). Also, Sri Lanka's geographic position and topography have influenced early human
dispersals and the island's occupation into historical times as an important entrep6t for the
growing routes within the Indian Ocean from Africa and Europe to Asia (Fuller et al., 2011,
Fuller and Murphy, 2018; Muthucumarana et al., 2014; Seland, 2014; Roberts et al., 2015,
2016, 2017; Boivin et al., 2017; Bohingamuwa, 2017,2018). Sri Lanka's limited
archaeobotanical and isotopic record, based on cave sites from hunter-gatherer-foraging
contexts, investigated to date shows evidence of a fairly broad spectrum of plants and animals
being exploited at the interface between ecozones (Roberts et al., 2015, 2017). In later
periods, with the development of agriculture, sedentism and urbanization one would expect to
see an increase in the local impact upon woodland resources, increased potential for transport
of wood and demands of wood resources for particular purposes such as charcoal for
pyrotechnic activities.

During recent decades, in southern India and nearby territories, systematic archaeobotanical
sampling has been carried out by local and international research groups (Kajale, 1994;
Fuller, 2002, 2008; Fuller et al., 2004, 2007; Fuller and Murphy, 2014; Weisskopf et al.,
2014; Fuller and Harvey, 2006; Roberts et al., 2016; Kingwell-Banham, 2019). Sri Lankan
archaeobotanical research is limited at the moment but increasing over recent years with the



development of related projects (Kajale, 1989, 1990, 1994; Premathilake et al., 1999;
Premathilake, 2006; Premathilake and Seneviratne, 2015; Adikari, 2009; Murphy et al., 2018;
Kingwell-Banham et al., 2018). This research has focused on the domestication, spread of
cultivars and changes in agricultural techniques (rainfed, irrigation), all of which represent
important changes in the relationship of human groups and societies with their ecosystems.

Anthracology, can shed new insights into several of these aspects mentioned above, however,
studies are still limited in this region to date (Lancelotti, 2018; Demicoli, 2015). The creation
of an atlas by Asouti and Fuller (2008) is an essential tool for this purpose and has put in
place the first steps in the development of anthracology as a discipline in this region.

Human occupation in Sri Lanka from the late Pleistocene is related to environmental changes
and the expansion of Homo sapiens into new territories (Deraniyagala, 2004; Perera et al.,
2011). As in southern Indian contexts, hunting and gathering coexisted with alternative
livelihood strategies, such as grazing, extensive and intensive agricultural practices, fishing
and marine resource collection and trade in Sri Lanka. Therefore, different communities and
economic subsistence strategies were established in Sri Lanka during the initial historical
period (Siriweera, 2004; Morrison 2016). This fact is inevitably related to transformations of
forest exploitation strategies to obtain various resources and the need for fuel related to the
increase in diversity and intensity of domestic activities. According to the existing records to
date, firewood is the fuel used throughout prehistoric and historical periods in Sri Lanka due
to its availability in the majority of ecological regions.

The fuel requirements were probably different according to the site's function and in this
project we obtained results related to the economic aspects on the use of energy resources in
different type of historical settlements including a fishing settlement and two urban sites.
Thus, the anthracological data allows for the identification of the existence of a direct and
active management of fuel by human groups, an element that increases the complexity of
societal-natural resource usage and socio-environmental relationships in which energy
consumption is situated and can be quantified. This data can highlight the effects on the
landscapes based upon these new management practices, as well as the first evidence of
management and sustainable exploitation of forests.

This study presents the first results of a systematic anthracological study of three historical
sites from different coastal areas of Sri Lanka. The anthracological evidence from the sites of
Kirinda, Kantharodai and Mantai allows for the characterization of vegetal communities,
wood uses and woodland transformations at these communities between ca. 200 BCE and CE
900 (Fig. 1, Fig. 2).

2. Biogeographical and archaeological context

Sri Lanka is characterized by different major climatic regions that allow the development of
several vegetal communities (Dittus, 1977, Dittus, 1985, Ashton et al., 1997) (Fig. 1a and b).
The wet zone receives rain from both monsoons and are characterized by deciduous wet
tropical forests including a large diversity of species from both highlands and lowlands
forests. The intermediate zone, in between the wet and dry zones is characterized by dry
evergreen and deciduous forests. The dry zone receives rain from only one monsoon and is



characterize by dry semi-evergreen forests and savanna vegetation (Dittus, 1977). In coastal
areas mangroves are developed in marshy areas (Ashton et al., 1997, Dittus, 1985) (Fig. 1b).

The coastal sites of Kirinda, Kantharodai and Mantai are all located in the Dry/Arid Zone (the
Eco-zone F in Deraniyagala (1992, 2004) (Fig. 1a and b, Fig. 2). Kirinda is located on the
southeast coast and is classified as a fishing harbour dated to 500-900 CE (Bohingamuwa
2017; Murphy et al., 2018) (Fig. 2). Kantharodai and Mantai were both active ports from
early historical times. However, trade at Kantharodai decreased with the corresponding
increase in trade at Mantai in the middle Historic period (Murphy et al., 2018). Kantharodai,
located on the northern coast is one of the four largest urban and religious centres in Sri
Lanka during the Early Historic period. There is some early evidence for its foundation from
the Proto-historic Early Iron Age, however, the first settlement is dated to the beginning of
the Early Historic Period (ca. 170-500-BCE) (Coningham and Strickland, 2008;
Bohingamuwa 2017; Murphy et al., 2018). Mantai, was the main port entrance to the capital
Anuradhapura, during the Historic Period, located 80 km south of the city (ca. 200 BCE-850
CE) (Carswell et al., 2013; Bohingamuwa 2017).

3. Material and methods

The present study is based on the observations and analyses of 1689 charcoal remains from
these three sites, Kirinda, Kantharodai and Mantai from the different chronological periods
excavated (Table 1). The charcoal remains were removed from the flotation samples
recovered during the excavation of the three archaeological sites (Murphy et al., 2018;
Kingwell-Banham et al., 2018). The study is based on the identification of charcoal from the
4 mm flotation fraction from different stratigraphic units/contexts as defined by the
excavation. The number of studied fragments varied from each site, phase and unit (Table 1)
as charcoal samples were based upon availability, viability and preservation conditions. The
largest collection of charcoal fragments was from Kirinda. In contrast, the sites of
Kantharodai and Mantai had a higher number of excavation units floated but fewer charcoal
fragments recovered from each unit. Material from Kirinda came from two different trenches
(K03 and K02) that were excavated. The units in each phase examined belong to artificial
layers that were sampled for environmental studies (Murphy et al., 2018; Kingwell-Banham
et al., 2018).

Charcoal identification was carried out using a metallographic microscope with reflected
light and dark and bright fields with x50, x100, x200, x500 magnifications. Images taken for
further observation and confirmation of taxa recording were carried out using a Scanning
Electron Microscope (SEM). These facilities were located at the Wolfson Archaeological
Science Laboratories at the Institute of Archaeology (UCL). The identification process
included a first phase of observations to learn tropical wood anatomy characteristics and
record features of the archaeological charcoal, followed by a second phase of classification
based upon consulting the UCL comparative collection, the South India Wood Atlas by
Asouti and Fuller (2008), and additional sources including: Inside wood (2004 onwards),
Ogata et al. (2008). The Wood Atlas by Asouti and Fuller (2008) has a limited number of
taxa but includes the most important and clear descriptions of charred remains of South India
charcoal. The identification categories included in the present analysis are families (i.e.
Fabaceae), genus (i.e. Wrightia) and species (Chloroxylon swietenia), depending on the
reliability of features. Other taxa have been classified using standard markers with regards to



increasing uncertainty, from cf. (i.e. Tectona cf. grandis), type (Acacia type nilotica) or
grouping to a pair of genera (i.e. Canthium/Gardenia).

In tropical regions, the most problematic aspects of any anthracology study is the high
diversity of woody plants and the limitations surrounding accuracy of identification due to
the difficulties in distinguishing species from the same families or genera (Dotte-Sarout,
2011, Dotte-Sarout et al., 2015; Scheel-Ybert, 2002; Hubau et al., 2012; Byrne et al., 2013,
Byrne et al., 2020, Dotte-Sarout et al., 2015, Hoéhn et al., 2018, Hohn and Neumann, 2018).
Indeed, diversity in tropical regions is much higher than in temperate or Mediterranean
anthracological assemblages in which most assemblages have up to 30 taxa. Therefore, it is
important to obtain and study a number of charcoal fragments, approximately 400 charcoal
for each unit or context, to achieve a reliable data set for tropical regions (Dotte-Sarout et al.,
2015). Quantification is based on the number of remains; however, ubiquity has been also
considered to evaluate our results when the minimum number of examined charcoal
fragments was not possible. In addition, to understand and compare the examined sites in this
study we have considered the relative value of taxa across the entire site assemblages.

To understand the complexity of the vegetal communities that these taxa represent and to
overcome the possible limitations that less than 100% of the remains have been identified we
have grouped the taxa results according to their ecological description (Table 2). The
ecological zones are designed according to the vegetation in Sri Lanka and the groups set out
by Asouti and Fuller (2008); although originally defined for the Indian subcontinent, the
ecological zones are not hundred per cent equivalent to those of Sri Lanka, nevertheless they
provide a useful approximation for this study. Taxa groupings including a large number of
species (e.g. Euphorbiaceae/Apocynaceae) are not included in this table. The vegetal
communities are Wet/Moist Evergreen/Deciduous Forests, wet and Intermediate zones, dry
deciduous, dry evergreen/dry evergreen scrub, dry savannah, mangrove and river dry (Table
2).

4. Results

Most of the identifiable fragments could be identified to family and/or genus. The species
category was achieved and used in the monotypic species such as Limonia acidissima and
Chloroxylon swietenia (Appendix Supplementary materials). Occasionally, such as in the
case of cf. Punica granatum, the species has also been included, as this is the only one in the
region. The monocotyledons identified corresponded mainly to palms and the identification
has been limited to cf. Cocos nucifera (Appendix Supplementary materials). There are a
number of monocotyledons present in Sri Lanka including Pandanaceae, Musaceae,
Gramineae and Palmae (Arecaceae) (Ashton et al., 1997). Among the species from the
Palmae family the diversity in Sri Lanka is large including several species such as Areca
cathechu Borassus flabellifer, Caryota urens, Cocos nucifera, Corypha umbraculifera,
Oncosperma fasciculatum, Phoenix farinifera, Phoenix zeylanica, Roystonea regia (Ashton et
al., 1997). Anatomy of these monocotyledons is very complex and criteria to distinguish
among them are based on the arrangement and shape of the vascular bundles, the type of
vessels and their characters (Detienne and Jacquet, 1999; Tomlinson, 2006; Thomas, 2011,
2013; Thomas and De Franceschi, 2013; Schmier et al., 2020(Fathi et al., 2014)(Kuo-Huang
et al., 2004)(Parthsarathy and Klotz, 1976). The characters shown in the Appendix
Supplementary materials 2a, 2b and 2¢ show dense distribution of oval shaped vascular



bundles and the presence of 2 vessels that could be similar to various monocotyledon families
including Pandanaceae and Palmae (Detienne and Jacquet, 1999; Schmier et al., 2020).

The difficulty of observing the characteristics and complexity of the anatomy of palms means
that further research is needed to confirm this species’ identification. The presence of Cocos
nucifera on or around these sites is highly likely and indicated by the recorded presence of
coconut shells in the archaeobotanical record in Kirinda and Kantharodai and echinate
spheroids phytoliths produced in palms overall in Mantai (Murphy et al., 2018; Kingwell-
Banham et al., 2018). We, therefore, regard Cocos nucifera as the most probable palm species
in these contexts. Differences between the stem and the petiole should also be considered, as
the petiole is usually the most suitable part of the plant to be used as fuel as suggested by
several authors (Bouchaud et al., 2012; Thomas, 2013). According to our observations the
differences regarding the distribution of the fibrous part external to the xylem and the shape
of the vascular bundles are not clear enough to suggest that these fragments are part of the
petiole or the stem (Appendix Supplementary material 2a). Beyond this identification some
aspects should be analysed in depth in the future regarding the identification of these
fragments that would most likely correspond to different parts of the plant which are
characterize by differences in the characters providing appropriateness for different purposes
(Sudo, 1980; Killmann and Fink, 1996; Bouchaud et al., 2012).

Fabaceae is the most recurrent taxon in these assemblages. While some of these fragments
can be further differentiated, such as the genera Dalbergia and Pterocarpus, further
identification is limited by the lack of certain anatomical features which are not always
present and preserved in the examined charcoal remains (Appendix Supplementary
materials). The Acacia genus is an extremely large and diverse genus. Several recent efforts
have been made to distinguish its numerous types in different regions of the world including
charcoal analyses (Demicoli, 2015; Lancelotti, 2018; Mvimi 2019; Byrne et al., 2013, 2020).
Parenchyma and ray width are one of the most significant criteria to distinguish amongst its
different possible types and these types are most commonly grouped according to the species
growing in the area (Demicoli, 2015; Lancelotti, 2018; Mvimi 2019; Byrne et al., 2020). In
our assemblages, for the genus Acacia, we have identified and distinguished two types
according to ray width (Asouti and Fuller, 2008). Acacia type nilotica for fragments with
multi-seriated rays and Acacia type leucophlea with 2—4 seriated rays (Appendix
Supplementary materials). It must be noted that the diversity of Acacia spp. in South India
and Sri Lanka is high and includes a larger number of species that can be expected to fit
within these two types (Asouti and Fuller 2008). For taxa from the Fabaceae family there was
less abundance in comparison. Taxa such as Albizia, Cassia or Tamarindus were observed
based upon very limited characters. Therefore, based upon the similarity among these species
and due to the quality/size of the preserved charcoal fragments identification did not go
beyond larger group categories.

For the Rubiaceae family, we have used Canthium/Gardenia to classify charcoal with the
same anatomical features that could eventually correspond to several different species
(Appendix Supplementary materials). When possible, based on preserved features, another
genus, such as Ixora, has been identified (Appendix Supplementary materials).

The degree of the level of identification for each site depended on the preservation and the
accuracy of the taxa determination. Between 60 and 68% of the fragments have been
assigned to a taxonomy category; the family being the most recurrent category (Fig. 3). The
undetermined charcoal fragments are not a high proportion at Kirinda and Mantai and thus



correspond to standard values one would expect within archaeological charcoal analyses.
Kantharodai shows higher values of undetermined fragments as a consequence of poorer
preservation of the charcoal (Fig. 3). In comparison to the other two studied sites there is also
relatively low values of identifiable charcoal fragments as the quality of the charcoal
fragments does not allow further identification. The category of “cf.”, indicating uncertainly
due to lack of some anatomical key features is between 3 and 5% of the total assemblage.
There is also a relatively high number of fragments that correspond to new taxa. New taxa are
defined as charcoal fragments which have not been identified and classed to a taxon but show
different characters that may allow them to be matched to a taxon in the future. These ‘new
taxa’ types will probably increase the number of taxa in the assemblage with 4—-6 new taxa
increasing the overall assemblage's diversity (Fig. 3).

The results from Kantharodai, from all seven phases, reveals 14 families and 19 taxa (Table
3). If we consider the taxa ubiquity, the most significant taxa are Fabaceae, Wrightia,
Ziziphus, Canthium/Gardenia and cf. Cocos nucifera. It is interesting to note the results from
phase VI in which a single sample had a large quantity of charcoal fragments identified as
Rhizophoraceae remains (N = 83), as this taxon is present with only 1 to 3 fragments present
in the rest of the phases or samples examined at this site (Table 3).

Kirinda yielded the largest assemblage, in terms of fragment count (N = 1049), and a study of
400 fragments from two phases was possible. Phase 3 from trench KR03 and the samples
from trench KRO02 yielded fewer fragments. In the assemblage, the most significant taxa was
Fabaceae, among which Dalbergia, Acacia and Pterocarpus stand out in all the phases
examined (Table 4). The other significant taxon was Canthium/Gardenia with values ca 15%.
Several taxa Meliaceae, Moraceae and Wrightia had low present counts but were recurrent
across all the phases examined (Table 4).

Mantai yielded a limited number of charcoal fragments with a low quality of charcoal
preservation which limited somewhat the identifications (Table 5). The most significant taxon
is cf. Cocos nucifera which is present with the highest number of remains in all phases and
samples across this site. There are other taxa present such as Rubiaceae, Vitex, Wrightia and
very few Fabaceae fragments (Table 5). These results are probably biased due to the low
number of fragments present in the recovered assemblage.

Diversity at the examined sites is determined according to the number of charcoal fragments
studied for each unit or phase. Phases with a low number of fragments present yielded a
reduced number of taxa, whereas phases with a higher number of fragments present yielded a
higher number of taxa (Fig. 4a). The type of context and its formation processes likely
affected preservation and the diversity for each archaeological unit. In general, units with a
number of charcoal fragments between 50 and a 100 showed a diversity between 6 and 12
taxa (Fig. 4b). However, the number of taxa is not always directly correlated with the number
of fragments; some units had a large number of fragments with a low diversity of taxa (Fig.
4b). At Kirinda, the number of charcoal fragments examined per phase achieved the
minimum number (n = 400) in order to be considered robust and reliable. The saturation
curve at Kirinda illustrates how the stability of the curve is achieved with 300 fragments. Fig.
5 displays a relatively stable curve with 300 fragments with a slight further increase in
diversity beyond 400 fragments. However, the majority (ca. 70%) of taxa appear before the
analyses of 200 fragments is achieved (Fig. 5).

5. Discussion



5.1. Vegetation in Sri Lanka in historical times: arboreal cover and human impact on
the landscape

According to the charcoal obtained data at Kirinda, the most significant vegetal community is
formed of dry deciduous forests (Fig. 6, Fig. 7). The composition of these vegetal
communities is dominated by Fabaceae among which Dalbergia and Pterocarpus are the
dominant trees. Other species such as Meliaceae would also be part of the tree canopy. The
presence of Chloroxylon swietenia, Ziziphus or Limonia acidissima suggests the importance
of thorny shrubby vegetation which are usually reported as indicators of human disturbance
(Perera, 2001; Venkateswaran and Parthasarathy, 2003; Dilhan et al., 2002). There are
significant values for dry evergreen scrub represented by Rubiaceae (Canthium/Gardenia)
being present. Rubiaceae, represents a wide range of species, among which
Canthium/Gardenia, are amongst others evergreen scrub growing as undergrowth in both
humid and dry forests (Meher-Homji, 2001; Asouti and Fuller 2008). This group of species
might also indicate human disturbance in which open forests allow for the development of
scrub species amongst other trees (Mehta et al., 2008). Wet deciduous forest taxa values are
low at Kirinda indicating that species from wet ecozones were located further from the
settlement but occasionally acquired and used at the site. At Kirinda, the scarcity of cf. Cocos
nucifera, is in accordance with the archaeobotanical record (Murphy et al., 2018). However,
the phytolith evidence records the presence of palms in most of the environmental samples
examined, which might suggest the more routine use of palm leaves for specific purposes
(mats, baskets, textiles etc) without exploitation of their stems on the same scale. The specific
use of palm for fuel might be connected to fuel choice, e.g. for industrial manufacturing,
associated with urban sites such as Mantai.

Finally, the taxa values observed at Kirinda do not show substantial changes in relation to the
chronological sequence (Figs. 6 and 7). Hence, we have no evidence for environmental or
vegetation cover changes during the analysed period, 600—900 CE. In comparison to urban
sites we should consider for Kirinda a fuel exploitation closely linked to agricultural practices
and daily live fuel consumption, that would eventually cause modifications on the landscapes
but allowed a conservation of the main vegetal communities.

At Kantharodai, the values of dry deciduous forests and the shrubby composition is lower in
comparison to Kirinda. This can only be partly attributed to the high numbers of mangrove
wood (Rhizophoraceae) from a single sample (Fig. 7). Rhizophoraceae characterizes
mangrove forests which might be extended into the marshy zones, located nearby the site of
Kantharodai. Mangroves are complex ecosystems which include trees and shrubs that are
spread out over saltmarsh areas along the seaside coast (Jayatissa et al., 2002). Resources
from Mangrove ecosystems have proven significant for human subsistence in several periods
since the Pleistocene as they provide a number of important resources, primary amongst them
being wood resources (Erlandson and Braje, 2015) but they also offer many marine resources
such as crabs, fish, shell-fish and birds. Probably, in the assemblages under study, there are
other species besides Rhizophoraceae among the undetermined categories and we might
suggest a higher diversity of ecosystem exploitation. However, the evidence is scarce aside
from a single context at Kantharodai that might indicate a specific use. The presence of cf.
Cocos nucifera in the Kantharodai charcoal assemblage is also low (N = 26) (Fig. 7) but its
frequency in the macro-remains (as endocarp) and phytolith record is high, which would
suggest that its wood was less preferred as a fuel at this time (Murphy et al., 2018).



At Mantai, the most represented groups are palm (cf. Cocos nucifera) and taxa that belong to
the vegetal community formed of dry deciduous taxa (Fig. 7). At the inland areas surrounding
the outside of the city of Mantai there might be similar vegetal communities as in other parts
of the region including dry deciduous forests or open savannah woodlands. However, the
importance of palms could be related to their specific use for fuel in certain activities, perhaps
associated with industrial activities found in the more urban setting of Mantai. While palm
orchards may be suggested by their high presence in the phytolith record (Kingwell-Banham
et al., 2018), the higher usage of their wood stands out at Mantai, in comparison to the other
two sites examined in this study.

The vegetation record obtained by the anthracological record suggests a diversity of
vegetation types. The heterogeneity of the charcoal record includes taxa from different
ecozones which may suggest that fuel was a consequence of the use of by-products as forest
clearance took place for agriculture. In southern India, during the Iron Age and the Early
Historical Period, there was marked agricultural diversification at this time, with an increased
number of millet and pulses species, tree cotton cultivation, and in some regions for the first
time some irrigation as rice spread south (Cooke and Fuller, 2015, Morrison, 2016; Kingwell-
Banham 2019). But in sum, this can expect to have increased the clearance of forests, which
is evident in the limited pollen records and carbon isotope records of peninsular India that
span the first millennium BCE and early centuries CE (e.g. Kingwell-Banham and Fuller,
2012; Prasad et al., 2014; Goisan et al., 2017). In Sri Lanka, according to the data obtained
from this study, we cannot observe these changes as we lack the robust data from earlier
periods and there are no evident changes in the representation of taxa related to the increase
of maritime trade or the impact of agriculture. However, different activities regarding
agricultural systems, metallurgy, glass beads and ceramic production etc. as well as activities
of daily life (light, fuel as heat, food transformation) in urban cities such as Mantai might
affect forests in the nearby areas. The diversity of vegetation types present in these
assemblages might correspond to the management of different resources as well as a
disturbed vegetation as indicated by the prominence of scrub plants.

5.2. Woody plant uses in Sri Lanka historical times

Charcoal remains from these three different sites allow for the discussion of several aspects
of wood uses. The charcoal remains from Kirinda, Kantharodai and Mantai are related mainly
to the use of wood as fuel. Wood was an available resource and would have been the main
fuel used for domestic and industrial purposes (Nandasena et al., 2012). However, other fuels,
such as cow dung or paddy husk, could have also been used in areas where there was a
scarcity of wood availability or wood by-products from certain industrial processes
(Solangaarachchi, 2011; Lancelotti, 2018). The main component of these assemblages is
firewood that might have been used in domestic households and/or for industrial processes
(e.g. glass bead and pottery production). This data set cannot express the full complexity of
fuel practices within industrial activities requiring large amount of fuel, however, one can
point out several aspects related to wood uses and properties from this assemblage. In urban
sites the number of activities requiring fuel usage are numerous and the use of fuel had a



human input value cost including wood calorific value and its transport back to site. At
Mantai production of glass and glass products such as beads and bangles as well as local
pottery is enormous (Bohingamuwa, 2017) requiring a huge amount of fuel wood. Daily fuel
requirements are related to domestic activities such as lighting, cooking, heating and,
industrial and/or technological processes including glass bead or ceramic production, and
textile processing amongst others. At Mantai and Kantarodai, the results might indicate
mixed charcoal usage from different activities including domestic and industrial fuel use. The
recurrent presence of palms and the highest values of palm wood at Mantai may indicate their
specific use in urban industrial processes, as it is a multipurpose species for firewood or
building material (Searles, 1928; May and Tuckson, 2000; Chan and Elevitch, 2006). Also, it
should be considered the possibility of the exploitation of palm petioles, which availability is
higher than the stem (Banzon, 1984). However, this interpretation should be taken cautiously
requiring further anatomical analyses on the studied assemblage. The lower values of
deciduous dry forest species and open savannah species might be related to the distance from
the forests to the sites and the increase of disturbed land near the cities. On the other hand, at
Kirinda, the main fuel was collected from the deciduous dry forests favouring Fabaceae
family species as well as Rubiaceae shrubs and could indicate more local availability of such
woods.

Even if there is no clear evidence of the relationship between the presence of these species
with their specific contexts and their use, their potential can be evaluated based on known
properties. Cloth production is well established through evidence of seed remains such as
Gossypium (cotton), which was present at both Kirinda and Kantharodai (Murphy et al.,
2018; Tyagi 2006). However, there is little evidence of other technological processes
involved in the obtaining of plants or animal textiles and/or hide products requiring the use of
wood (Janaway and Coningham, 1995). It is usually the bark of certain plants which provides
tannins that can be used in the tanning process (Cardon and Chatenet, 1990). This is
especially significant for mangrove taxa (e.g. Rhizophoraceae) that have high concentrations
of tannins in the bark that are traditionally used in this process (Baba et al., 2013;
Punrattanasin et al., 2013). Also, mangrove wood is very valuable and used to produce
charcoal for commercial purposes (Baba et al., 2013; Erlandson and Braje, 2015; Ghosh et
al., 2015), however, the limited archaeological data from Kantharodai in which mangrove
values are high, does not permit enough evidence to support this hypothesis. Other plant
parts, such as leaves and flowers, can also be used as dyes, and in the studied assemblages are
represented by Wrightia (W. tinctoria), Morinda tinctoria, Pterocarpus, Rhizophoraceae and
Chloroxylon swietenia; all of which have dyeing properties that can be used on textiles
(Gokhale et al., 2004; Meena et al., 2007; Das et al., 2020). These taxa are in general, more
significant in number at Kantharodai than at Kirinda and Mantai.

The results from the studied sites demonstrated that there were several trees which produced
edible fruits including Ziziphus, Ficus, Limonia acidissima, cf. Punica granatum and cf.
Cocos nucifera. Food plants in the wild and cultivars are numerous in Sri Lankan flora with
some endemic and others that have been introduced during different periods (Fuller et al.,
2011). Among the charcoal remains there is no evidence of introduced crop trees/cultivars.
Fruit producers could be expected to grow naturally in local environments. Coconuts palms
could have been the only tree in these assemblages that could have been cultivated in the
cities’ orchards (Kingwell-Banham et al., 2018; Murphy et al., 2018). Furthermore, the
absence of major fruit woods (Citrus or Mangifera) and species from the humid tropical



areas, suggests a late incorporation of these cultivars, in contrast to late Chalcolithic and Iron
Age finds in India (Kingwell-Banham and Fuller 2012).

Aside from food resources there are a number of tree species in Sri Lanka, overall
concentrated in the rainforest, in which a part of the plant provides either medicinal or
condiment products (Russell-Smith et al., 2006). However, taxa with known medical uses are
few in number, in most charcoal assemblages, indicating most wood remains correspond to
fuel use. It is difficult to prove any specific medicinal or consumption use for these purposes
in the studied contexts. For example, species such as Strychnos (S. nux-vomica, S.
potatorum), which is present at all the studied sites, can be used to extract strychnine which is
a highly poisonous material that has been used for different medical/magical purposes
(Asouti and Fuller 2008; Bradfield et al., 2015; Guo et al., 2018). This species was part of the
dry deciduous forests and is recurrent at Kirinda and Mantai in low numbers which could
indicate occasional fuel use.

Many of the woods identified in this study could have uses related to building, ship building
or object manufacturing (Gunawardana, 2003). Dalbergia, Pterocarpus, Tectona, Meliaceae,
Chloroxylon swietenia, cf. Cocos nucifera all possess high quality timbers for such
construction uses. Coconut palm are ubiquitous and traditionally used as a multipurpose plant
and could also be used for its fibers, craft objects or building material (Searles, 1928;
Gunawardana, 2003). If used as fuel, it is likely that the petiole were the part of the plant
which was exploited and used. Sri Lanka was a key strategic point in different trade routes on
the Indian Ocean. Trade routes from Africa, the Middle and Near East reveal sea connections
that were established during the early historical periods (Warmington, 1928; Charvat, 1993
Muthucumarana et al., 2014; Bopearachchi, 2002; Bohingamuwa, 2017; Carter, 2006;
Seland, 2014; Boivin et al., 2017). Also, trade from India to Sri Lanka has been noted and
described for the historical periods (Tyagi, 2006; Bopearachchi, 2002). Sri Lanka's
geographic position was used as a stopping point between west to east routes as suggested by
various lines of evidence for foreign trade including linguistic, genetics and archaeological
evidence (Fuller et al., 2011; Erlandson and Braje, 2015; Boivin et al., 2017). Objects
(ceramics, glass beads, coins) and plant food evidence (spices, imported grains and fruits)
have been identified within the archaeological record supporting long-distance trade. Among
the studied sites Mantai and Kantharodai were key enclaves on these trade routes which
strengthen Sri Lanka's urbanization progress and increased the complexity and organization
needs of its population (Bopearachchi, 2002; Bohingamuwa 2017, 2018, 2019; Kingwell-
Banham et al., 2018; Murphy et al., 2018). Archaeobotanical evidence of trade at Mantai are
noted through several imported species including rice, pepper and wheat (Kingwell-Banham
et al., 2018). However, the charcoal assemblage does not show any evidence of imported
taxa, but instead highlights how wood fuel use was mainly from local sources. The paucity of
imported materials at Kirinda reinforces the interpretation of its status as a regional fishing
settlement and the fact that it was not involved in major trade exchanges (Murphy et al.,
2018).

Evidences of shipwrecks from different periods indicate that naval architecture used a wide
range of wood taxa for the various elements in a ship and these were mostly local to the
building location (Devendra 1999; Guibal and Pomey, 2003; Burger et al., 2010; Gaur et al.,
2011; Devendra and Muthucumarana, 2013). In the combined charcoal assemblage quality
timber species, specially taxa such as Dalbergia, Tectona and Pterocarpus, were probably
used for building or ship manufacturing and repair (Tripati et al., 2005; Burger et al., 2010).
Also, palms could be used for naval architecture providing raw material for several ship



elements (Vosmer et al., 2003; Gunawardana, 2003). Based upon the anthracological
evidence in this study there is no evidence of imported woods from any of the three sites, but
we cannot rule out that these sites could have been a source of exported timber for ship
manufacturing or repairing.

6. Conclusion

In summary, the taxa assemblage identified from the three examined sites is characterized by
local vegetal communities. This sometimes included coastal taxa (mangroves and palms),
taxa of open agricultural lands (palms) and some dry deciduous and dry scrub taxa. There is
no evidence for major chronological changes over time but instead there is evidence for local
sourcing of wood fuels in human impacted environments, woodlands near the sites. The
urban centre of Mantai may have included more targeted use of palm wood for certain
purposes and hence distinguishing the charcoal record of this urban port site from the other
two sites examined. There are a wide range of potential uses of the identified taxa, in tanning
and dying, constructing and ship-building and a identified few taxa were sources of edible
fruits. Nevertheless, domestic fuel use, from local wood collection, appears to be the main
component of the anthracological record at Mantai, Kantharodai and Kirinda, representing
three different points around the Sri Lankan coastline.

This study is significant in methodological terms, as it represents the first large scale
anthracological study from flotation samples from Sri Lanka. This study highlights the high
potential to recover identifiable charcoal in significant quantities through systematic flotation.
Despite the study's tropical location of Sri Lanka, the high diversity of its woody flora,
limitations of existing reference collections, limited existing sources on identification for
South India, Sri Lanka, and other online resources, we have still demonstrated that it is
possible to achieve reasonable levels of taxonomic resolution for the majority of charcoal
remains. Therefore, anthracological analyses represents a branch of archaeological science
with a high potential to contribute to reconstructing long-term human-environment
interactions in Sri Lanka as more sites are sampled.
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Fig. 1. b) Map showing the location of the most significant sites in Sri Lanka including
the sites studied in this research Mantai, Kantharodai and Kirinda b) Map showing the
vegetation zones of Sri Lanka modified after Erdelen (1988) and Roberts et al. (2018).

Fig. 2. Images of the archaeological contexts. a. General view of Mantai; b. view of
Mantai during the excavation (Photo: D.Q. Fuller); ¢ general view of Kirinda test pit; d.
flotation at Kirinda (Photo: C. Murphy); e. general view of Kantharodai excavation; e.
stratigraphy at Kantharodai (Photo: W. Bohingamuwa).

Fig. 3. Charts showing relative values of the results categories including identified and
non-identified fragments. Among the non-identified fragments there are 3 categories:
undetermined existing taxa that correspond to cf.; undetermined new taxa
corresponding to possible other taxa; undetermined corresponding to altered fragments
or fragments that do not provide enough characters to be identified.

Fig. 4. Taxa diversity in the anthracological samples. a: taxa diversity per site phases; b:
taxa diversity per site units.

Fig. 5. Kirinda saturation curve based on occurrence of taxa in each phase.



Fig. 6. Kirinda anthracological diagram based on relative values from the identified
categories in Table 4 excluding the Euphorbiaceae/Apocynaceae category.

Fig. 7. Charts showing vegetation communities in Kirinda, Kantharodai and Mantai
based on charcoal results relative values including the entire assemblage for each site.

Table 1. Type of sites and chronology and sample data including number of samples
and number of charcoal fragments analysed.

Table 2. Distribution of vegetation types for the taxa that appear in each of the sites
based on their ecological distribution according to Asouti and Fuller (2008).

Table 3. Anthracological results of Kantharodai.
Table 4. Anthracological results of Kirinda.

Table 5. Anthracological results from Mantai.
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Kirinda Mantai Kantharodai
Type of site Fishing settlement Urban
Period 500-900 AD ,25\08 BCE-850 170-400 BCE
Pit KRO3 KR02
N. of samples 32 8 28 15
N. of Phases 3 1 2 6
N. of charcoal 996 53 456 410

Table 1.




Table 2. Distribution based on Flora of Ceylon and Asouti and Fuller 2008. Not 100% accurate

for Sri lanka.

Forests

Vitex, Tectona, Albizia

Vegetation types Kirinda Kantharodai Mantai
Wet/Moist Holigarnia,
Evergreen/Deciduous | Dipterocarpaceae, Ficus, | Vitex, Tectona Vitex, Ficus

Coast, wet and
Intermediate zones

cf. Cocos nucifera

cf. Cocos nucifera

cf. Cocos nucifera

Dry decidous

Wrightia,
Cassia/Tamarindus,
Dalbergia, Pterocarpus,
Strychnos, Meliaceae,
Ziziphus, Chloroxylon
swietenia, Tamarix,
Limonia acidissima

Wrightia,
Cassia/Tamarindus,
Dalbergia, Pterocarpus,
Meliaceae, Ziziphus,
Ixora, Chloroxylon
swietenia, Santalum,
Limonia acidissima

Wrightia,
Cassia/Tamarindus,
Dalbergia, Pterocarpus,
Strychnos, Meliaceae,
Ziziphus, Ixora, Santalum

Dry evergreen/Dry
evergreen scrub

Acacia cf. leucophlea,
Albizia,
Canthium/Gardenia,
Polyalthia

Canthium/Gardenia

Acacia,
Canthium/Gardenia,
Morinda tinctoria,
Polyalthia

Dry savanna

Acacia, Acacia cf. nilotica

Acacia, Acacia cf. nilotica

Acacia, Acacia cf. nilotica

Mangrove

Rhizophoraceae

Rhizophoraceae

Rhizophoraceae

River dry

Tamarix




Table 3. Anthracological results of Kirinda

KRO03 KR02
Families Taxa i i | dii
Anacardiaceae Holigarnia 1
Annonaceae Polyalthia 1 1
Apocynaceae Wrightia 6 |12 1
Arecaceae cf. Cocos nucifera 112
Buxaceae Buxus 2
Combretaceae Anog'eISSl-JS 1
Terminalia 1
Dilleniaceae 1
Dipterocarpaceae 1
Euphorbiaceae/Apocynaceae 15115|5
Acacia 10159 | 10
Acacia type leucopholea| 7 | 5 | 3
Acacia type nilotica 9198
Albizia 1|5
Fabaceae - -
cf. Cassia/Tamarindus | 3 | 4 1
Dalbergia 11168 |18 2
Pterocarpus 4 14911 | 1
Fabaceae 18 132 ]10| 1
Loganiaceae Strychnos 6 | 6
Azadirachta 1
Meliaceae Soymida type 1 1
Meliaceae 2 | 412
Moraceae Ficus 2
Moraceae 1123
Myrtaceae cf. Syzygium 1
Punicaceae Punica granatum 1
Rhamnaceae Ziziphus 19115 2
Rhizophoraceae 7|4 1
Rubiaceae Can'_[hium/Gardenia 36369 3
Rubiaceae 112
Rutaceae C_hlor(?xyloh §wi.etenia 3|2
Limonia acidissima o |1 1
Tamaricaceae Tamarix 2
\Verbenaceae T('ectona cf. grandis 3 11
Vitex 4
Total identified categories 224122666 | 29




Table. 4. Table 4 Anthracological results of Kantharodai

Families Taxa vV VIEVIHVIVII
Apocynaceae Wrightia 5 11141 2
Arecaceae cf. Cocos nucifera 9|11| 4 2
Acacia type nilotica 1
cf. Cassia/Tamarindus 2
Fabaceae Dalbergia 2
Pterocarpus 3142 1
Fabaceae 1121 1
Meliaceae Azadirachta 1|61 1
Meliaceae 2
Monocotyledon 1)1
Moraceae 1
Rhamnaceae Ziziphus 32121
Rhizophoraceae 3 83| 1 1
Rubiaceae Canthium/Gardenia 1|4 3|1 2
Ixora 11
Rubiaceae 1 3
Rutaceae Chloroxylon swietenia 9 |20 3 1
Limonia acidissima 2 |12 3
Santalaceae cf. Santalum 1121
\Verbenaceae Tectona cf. grandis 1
Vitex 1 ]2 2
Total identified categories 29 |66|27]94|14| 1 | 12




Table 5. Anthracological results from Mantai

Families Taxa Phase 1 |Phase 2
Annonaceae Polyalthia 1
Apocynaceae  |Wrightia 8 3
Arecaceae cf. Cocos nucifera 31 34

Acacia 3
Acacia type nilotica 1 3
Fabaceae cf. Cassia/Tamarindus 1
Dalbergia 1 2
Fabaceae 1 1
Pterocarpus 3
Loganiceae Strychnos 3 6
Meliaceae Azadirachta 1
Meliaceae 16
Monocotyledon |Monocotyledon 1
Moraceae 2
Rhamnaceae Ziziphus 1
Rhizophoraceae 4 2
Canthium/Gardenia 5 8
Rubiaceae Ixora 10 1
Morinda tinctoria 2
Santalaceae cf. Santalum 2
\/erbenaceae Vitex 3 2
Total 96 121




Supplementary material

Figure. 1A. Scanning Electron Microscope (Hitachi S-3400N) images of the charcoal taxa identified
at Kirinda, Kantharodai and Mantai. Images were disposed on the stub using conducting carbon
(LEITC) and they were afterwards gold covered (Quorum Q150RES). Descriptions are based on
various atlases Parthsarathy and Klotz, 1976, Asouti and Fuller (2008), Ogata et al., (2008),
Insidewood, (2004) and the images observations.
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ocos nucifera (KR03 15 _3).
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g

Dense vascular bundles. Vessel elements with scalariform pits.

Buxus sp. (Buxaceae) (KR02 10_4; 43_6). Present at Kirinda

iffus Porous. Small pore, solitary or in radialmultiples. 2 seriated heterogenous ra.
Scalariform perforations with 4- 5 bars. Small vessell pits.
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Transverse section: lefuse -porous, medium to large malnly solitary. Parenchyma paratracheal
aliform, confluent. Tangential and radial sections: 2-3 seriated homogeneous rays.

Present at Kirinda, Kantharodal and Mantal

Acacia nilotica typ Fa ceae) (KR0O3

..... 1 ot ' ) 16.3mm x1.00K

Transverse section: Diffuse- -porous, medium to large mainly solltary Parenchyma paratracheal
aliform, confluent. Tangential and radial sections: 4-10 seriated homogeneous rays. Vestured pits
present.

Dalbergia s‘[f)ﬂ.&(al?abaceae) (KR(})é%_C%l 43 35). Present at Kirinda, Kanthrodai and l\{ljnti

Transverse section: Diffuse-porous. Pores solitary or in radlal multlples Parenchyma banded and
paratracheal. Tangential and radial sections: 1-2 seriated short rays. Rays homogeneous.

Pterocarpus sp. (Fabaceae) (KR03_36_1). Present at Kirinda, Kantharodai and Mantai

Transverse section: Diffuse- porous pores solltary orin short radial multiples (2-3) or irregular
clusters. Tangential sections: uniseriated storied rays.



ples and clusters. Parenchyma paratracheal, apotracheal and

Diffuse-porous. Proes in rad

banded. Inclded Phloem present. Rays mainly multiseriated with irregular shapes and
heterogeneous.

mm x100 SE ' Sodum

Diffuse porous. Pores medium large, solitary or in radial multiples of 2-4.Parenchyma apotracheal
diffusse. Rays bi-seriated homogeneous.

Meliaceae cf. Soymida. (SLMA 3
ke s e v

1 36_1). Present at Kirinda
N’&' 'a" [ 5

4

Diffuse porous. Pores medium to large solitary or in radial multiple clusters. Parenchyma
paratracheal aliform and banded. Rays homogeneous to heterogeneous 3-5 seriated.

Ficus sp. (Moraceae) (KR03 19 _4 & KR03 19_22). Present at Kirinda. Moraceae family is present
at Kirin_da‘,FKantharoda_i and Mantali

Multisearted rays 3-5 rays with sheath cells.



t at K'rind_g, Kantharodai and Mantai

Diffuse porous Pores medlum tolarge isolated or in 2-3 radial
multiples. Mostly uniseriated homogeneous rays

Rhizophoraceae (KTD 47 _1). Present at Kirinda, Kantharodai and Mantai

Diffuse porous. Small pores |solated orin 2 radial multlples Multlserlated rays and scalariform

Canthlum/Gardenla (Rublaceae) (KRO3 19 28) Present at Klrlnda Kantharodal and Mantai.

17 4mnlxm‘)§E ( 00 100um

|ffuse porous. Pores smaII malnly solitary. Parenchyma malnly apotracheal Bi serlated rays,
conspicouisly heterogeneous with 2-4 rows of upright cells.

Ixora sp. (Rubiaceae) (SLMAS2_6). Present at Kantharodai and Mantai

5.00kV 17.0mm *100um

lefse porous. Pores small mainly solltary Parenchyma malnly apotracheal. 1 to 2 serlated rays,
conspicouisly heterogeneous with 2-4 rows of upright cells. Uniseriated rays composed only by
upright cells.



Morinda tinctoria (Rubiaceae) (SLMA49_7). Present at Kirind

Diffuse porous. Pores small to medium, or in irregular clusters Parenchyma apotracheal dlffusse
Rays 1 to 3 seriate heterogeneous with upright marginal cells.

roxylon v%let nia (Rutaceae) (KTD 15‘1) Present at Kirinda and Kantngoda )

Diffuse to semiring porous. Pores medium, dense in radlal multlples of 2 or more. Rays 3 4 serlated
and heterogeneous. Rays storied.

Limonia acidissima (Rutaceae) (KRO3 43 32) Present at Klrlnda and Kantharodal

¥
5.00KV 17.0mm x100 SE

Diffuse porous. Pores small to medium solitary or radial multlple of 2- or clusters. Ray 2 3
seriated homogeneous.

lefuse porous. Pores small solltary Rays heterogeneous with proumbent cells and 1-2 rows of
square and/or upright marginal cells. 1-3 seriated and short.



Tectona cf. grandis (Verbenaceae) (KR03_44_1). Present at Kirinda and Kantharodai

Ring to semi-ring porous. Pores soltary, in radial mutlples or |rregular clusters Rays 2-4 serlated
homogeneous.

Vltex Sp. (Verbenaceae) (KR0O3 32 5) Present at K|r|nda Kantharodal and Mantai

Dn"fuse porous Pores small to medium communly solltary or in 2 radial multiples. Rays 2-3
seriarted homogeneous to heterougeneous with 1-2 rows of square and/or upright marginal cells.
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