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Abstract 
During the Late Pleistocene, Island Southeast Asia (ISEA) was affected by dramatic changes in sea 

level and climate. The glacial phases were characterised by lower sea levels and changes in 

humidity and rainfall, with the Last Glacial Maximum (LGM; c.26-15 ka) being the peak of the 

extreme environmental shifts in the region. Human occupation during and post-LGM would likely 

have been affected by variations in island size, nearshore coastal profile, changing marine habitats 

and resource availability.  

While these questions have been previously addressed in nearby regions, the Lesser Sunda 

Islands of the Wallacean Archipelago constitute a not fully explored scenario to tackle these and 

other complementary issues. Human arrival and survival in these islands would have required 

skilled capacities to exploit the rich marine fauna that would provide the resources needed to 

subsist. 

This thesis examines past human adaptations and subsistence practices in Alor island during the 

Late Pleistocene and Holocene. Excavations in the Tron Bon Lei rock shelters in 2014 yielded an 

extensive vertebrate assemblage, as well as stone artefacts, abundant shellfish and human 

remains. Human occupations are dated from the Late Pleistocene (~21 ka cal BP) to the Late 

Holocene (~3 ka cal BP). 

This research focuses on the analysis of the vertebrate zooarchaeological accumulations and 

human remains from Tron Bon Lei. In addition to the application of traditional methodological 

practices for the analysis of faunal assemblages, new methodologies are developed. The analysis 

of the human remains focuses on craniometric comparisons with human remains from other areas 

in order to gain insights into human migrations and adaptations. This thesis provides new data to 

interpret human lifeways and adaptations in the Wallacean Islands, using Alor Island as a case 

study to interpret human subsistence practices during and after the LGM.  

The results presented here suggest that human populations subsisting in Alor were heavily 

dependent on fish and other marine resources, whose composition varied due to environmental 

changes. The modern human remains from Alor indicate the likely presence of a distinctive 

phenotype in the Wallacean Islands, smaller than other contemporary humans. 

This thesis contributes to the analysis of human subsistence and biological adaptations in the 

Wallacean Islands from the Late Pleistocene to the Late Holocene. The data from Tron Bon Lei is 

correlated to sea level changes during the phases of occupation of the site, to evaluate the effect 

that these had in the occupation dynamics and subsistence strategies of the inhabitants of Alor. 

The results are contextualised within the region, serving as a benchmark for future research and 

further analyses in other Wallacean assemblages.   
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Chapter 1 

Introduction 
1.1. Research framework 

Due to their location, between Southeast Asia and Australia, and their biogeographic 

characteristics, including distinctive biotas, the Wallacean Islands have been of great interest to 

archaeologists and paleoanthropologists. Even through the periods of lowest sea levels during the 

Pleistocene glacial periods, the Wallacean archipelago remained separated from the continental 

shelves of Sunda (e.g. mainland Southeast Asia) and Sahul (Australia and Papua New Guinea). 

Thus, modern humans moving eastwards from Sunda would have to embark in a series of sea 

crossing journeys, that ended in the arrival to Sahul around 65 ka (Clarkson et al., 2017). 

These migrations might have been the result of accidental drifting or would have require the use 

of watercrafts, which suggests that these early populations had a high level of skill and maritime 

capacity (Birdsell, 1977; Allen and O’Connell, 2008). As remains of watercraft are not preserved, 

the maritime capacity of modern humans needs to be tested through different indirect methods, 

some of which are the analysis of prospective routes based on documented settlements, the 

maritime-related technologies preserved in the archaeological record and the evidence of marine 

resources exploitation. 

Two main migratory routes from Sunda to Sahul have been proposed, a northern route through 

Borneo and Sulawesi and into Papua, and a southern route, through the Lesser Sunda Islands. (e.g. 

Birdsell, 1977; Morwood and Oosterzee, 2007; Allen and O’Connell, 2008; Kealy et al., 2017, 2018; 

O’Connor et al., 2017; Norman et al., 2018; O’Connell et al., 2018). However, the lack of human 

fossil remains hinders the evaluation of pathways and timing for the proposed routes based on 

direct dates on modern human material. Moreover, the earliest dates obtained for modern human 

deposits in the islands (ca.45 ka cal BP) postdate the evidence from Australia by thousands of 

years (O’Connor, 2007; O’Connor et al., 2011; Hawkins et al., 2017). Research of the Wallacean 

Islands is key to test if they were part of the route from Sunda to Sahul or if they were bypassed 

and different pathways were used. 

Regarding maritime-related technologies, fish-hooks are one the best evidence to address human 

interactions with aquatic environments. The first examples of single-piece fish-hooks in bone and 

ivory from Europe are dated to ca 12 ka (Gramsch et al., 2013). However, earlier fish-hooks have 

been recovered in Pacific sites. While the oldest single piece fish-hook, indirectly dated to ca.22 

ka cal BP, was documented in Sakitari Cave (Japan) (Fujita et al., 2016), other examples of early 

shell artefacts have been found in the Wallacean Islands. In Timor-Leste, Jerimalai produced a 

broken Trochus shell fish-hook dated between ca. 23-16 ka cal BP, while a single-piece fish-hook 



2 
 

from Lene Hara has been directly AMS dated to ca.11 ka cal BP (O’Connor and Veth, 2005; 

O’Connor et al., 2011). 

The Wallacean Islands are also a good scenario to assess how humans had to adapt their 

subsistence practices to the environments and nutritional resources available, which in many of 

these islands, were limited to plants and marine fauna before the arrival of domesticates. The 

systematic exploitation of marine resources has been traditionally seen as a characteristic of so-

called ‘modern human behaviour’, posited as a trait unique to H. sapiens (e.g. Klein, 1995), 

although as a result of growing evidence this hypothesis has subsequently been questioned 

(McBrearty and Brooks, 2000; Henshilwood and Marean, 2003).  

To date, the earliest possible evidence of aquatic species consumption, dated to ca. 1.95 Ma, is 

found in FwJJ20 in the Koobi Fora Formation, Kenya (Ono, 2016). The presence of cutmarks and 

percussion breakage on catfish (Clarias sp.) and turtle remains indicate the role played by these 

resources in hominin diets (Archer et al., 2014; Braun et al., 2010). The consumption of tortoise 

by early hominins has also been reported in Early and Middle Pleistocene deposits in the Iberian 

Peninsula (Blasco, 2008; Blasco et al., 2011), suggesting the consumption of freshwater aquatic 

resources was integrated into the diet of early hominins. 

In Island Southeast Asia (ISEA), the sites of Kao Pah Nam (Thailand) dated to 700 ka and Trinil 

(Java), dated to 500 to 400 ka yielded evidence of the use of freshwater resources, mainly shellfish, 

inferred to be the result of Homo erectus activities (Choi and Driwantoro, 2007; Joordens et al., 

2014; Ono, 2016). Examples of the use of marine resources by Neanderthals in Bajondillo Cave 

(Spain), Payre (France) and Gorham Cave (Gibraltar) have been proposed (Stringer et al., 2008; 

Cortés-Sánchez et al., 2011; Hardy and Moncel, 2011), although the stratigraphic integrity of some 

of the deposits where these materials were recovered is uncertain.  

These examples suggest that pre-H. sapiens hominins were using and perhaps catching freshwater 

tortoises, fish and shellfish. However, no evidence of the acquisition and consumption of marine 

resources by early hominins have yet been documented, specifically in terms of a systematic 

exploitation of different marine habitats, including open ocean waters. 

The inclusion of  marine resources in human diet becomes more visible during the Middle Stone 

Age (MSA), when marine shellfish, as well as bone spear tips likely to be used for fishing and shell 

ornaments, are documented in several African sites, (Yellen, 1998; Henshilwood et al., 2004; 

Marean et al., 2007; Thompson and Henshilwood, 2014). Even though African and Levantine sites 

yielded evidence of marine fish and shellfish capture and exploitation, the oldest evidence of the 

exploitation of open ocean waters comes from the Wallacean Islands, at Jerimalai in Timor-Leste 

(O’Connor et al., 2011; Ono, 2016). 
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As illustrated above, the Wallacean Islands played a central role in the research of human 

maritime capacities. This thesis focuses on the zooarchaeological assemblages and human 

remains recovered from Tron Bon Lei, an archaeological site in Alor (Lesser Sunda Islands), one 

of the Wallacean Islands. Alor lies on the southern route to Sahul, and the archaeological deposit 

from Tron Bon Lei has produced several fish-hooks, abundant marine fish bones and modern 

human fossils. The analysis of this archaeological assemblage will provide insights into the 

peopling of the Wallacean Islands, human maritime capacities and subsistence strategies. . 

1.2. Biogeographical and geological setting 

During the glacial phases of the Late Pleistocene (126-11.7 Ma), lower sea level exposed the Sunda 

shelf, such that Peninsular Malaysia, Sumatra, Java, Bali and Borneo were connected and formed 

a single landmass. At the same time, New Guinea, Australia and the Aru Islands were joined 

forming Sahuland (Voris, 2000). The Wallacean archipelago is located between these two 

continents and was never joined to these continental shelves, even in periods of lower sea levels. 

Hence, the islands constituted important waypoints, acting as short or long-term settlements, 

during sea crossing journeys and migrations from Sunda to Sahul. The archipelago comprises over 

15,000 islands, which includes the Lesser Sunda Islands of Lombok, Flores, Pantar, Alor, Timor 

and Sulawesi, among others (figure 1.1).  

 

Figure 1.1. The Wallacea region between the Sunda and Sahul shelf, as defined by the different 
biogeographic boundaries. The Lesser Sunda Islands are indicated by the blue ellipse. The shading 
indicates the extend of emerged land during low sea levels 
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Wallacea, named after the 19th century naturalist Alfred Russel Wallace, was defined by Dickerson 

(1928) as the region between the Huxley and Weber’s (west of the Moluccas) lines (Bellwood, 

2007) (figure 1.1). However, based on more recent zoogeographical studies in the region, 

Wallacea would be more precisely defined as the biogeographic area between the Wallace’s and 

Lydekker’s (east of the Moluccas) lines, excluding the Philippines (Lohman et al., 2011; Brown et 

al., 2013; Kealy et al., 2016).  

The Philippines archipelago includes two distinct biogeographic zones: Palawan, sharing fauna 

and flora with neighbouring ISEA regions and the main archipelago islands of Luzon, the Visayas 

and Mindanao, isolated from the Sunda region and containing the oldest paleontological sites 

documented in the Philippines (Pawlik et al., 2014b). This second biogeographic zone has been 

considered (and it is still considered by some researchers) as part of Wallacea. However, due to 

its high faunal diversity and the uniqueness of its fauna, recent research has argued that the 

Philippines should be considered a unique biogeographic entity separated from Wallacea 

(Lohman et al., 2011; Brown et al., 2013); this is the approach that has been adopted in this thesis. 

The Wallacean islands are characterised by sparse land-based fauna, although species such as 

stegodons, large rodents, marsupials, birds, bats and large reptiles were or are still present in 

several islands (Hooijer, 1965; Glover, 1986; Van den Bergh et al., 2001, 2009, 2016b; O’Connor 

and Aplin, 2007; Sutikna et al., 2018). The presence of some of these taxa may have provided 

resources to support hominin survival in some of these islands, such as Sulawesi or Flores. 

Conversely, the Wallacean Islands are one of the highest biodiversity hotspots for fish and other 

marine fauna, and Pleistocene assemblages from Timor-Leste indicate the significance of marine-

based subsistence strategies for Homo sapiens (O’Connor and Veth, 2005; O’Connor, 2007; 

O’Connor et al., 2011).  

This thesis aims, in the first part, to further examine anatomically modern human (AMH) marine 

subsistence strategies in the Wallacean Islands through the analysis of the zooarchaeological 

assemblages from an archaeological site in Alor Island (Indonesia). Alor (Pulau Alor, Lesser Sunda 

Islands, Indonesia) is a medium size island, with an area of about 2,800 km2 and about 35 km 

north of Timor-Leste, situated at the eastern end of the Nusa Tenggara chain of islands (figure 

1.2).  

In conjunction with the neighbouring island of Pantar, to which it was joined to during periods of 

lower sea level, Alor belongs to the Banda Volcanic Arc, the ring of volcanic islands generated from 

the collision, sometime in the Pliocene (5.3-2.38 Ma), of the Australian continental margin with 

the Banda Volcanic Arc (Hutchinson, 2005; Louys et al., 2017). The volcanic arc became inactive 

from around 2-3 Ma, as a result of the effect of the Australian continental lithosphere arriving at 

the Sunda Trench (Abbott and Chamalaun, 1981; Hutchinson, 1989). Alor’s dominant geology is 
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Pliocene lavas and volcanic breccias (Louys et al., 2017). Its terrain is steep and the environment 

along many coastal areas consists of semi-arid tropical savannahs. 

Alor and Pantar are currently separated by a narrow and shallow oceanic channel, although they 

were often connected during the Pleistocene glacial phases, forming a large island with Pura, 

Marisa, Rusa, Ternate, and Treweng (Figure 1.2). Based on uplifted adjusted sea level curves, sea 

level at ca. 21 ka cal BP (during the Last Glacial Maximum) would have been 120 m lower than at 

present (Kealy et al., 2017; O’Connor et al., 2017b) 

Alor’s current biodiversity is low, but includes the Sunda shrew (Crocidura monticola), ricefield 

rat (Rattus argentiventer), an endemic mastiff bat (Otomops johnstonei) and 86 resident landbirds 

(Kitchener et al., 1992, 1994; Maryanto, 2003; Trainor, 2005). Surveys aimed at examining the 

potential of Alor Island for the preservation of Quaternary deposits have been conducted. 

Nineteen caves and rock shelters, predominately located on the Kabola Peninsula (north-western 

Alor) were explored over a period of two weeks by Louys et al. (2017) (Figure 1.2) The peninsula 

 

Figure 1.2. Location of Alor in relation to Timor-Leste (top). Location of Tron Bon Lei and island extent 
around 21,000 cal BP. The ellipse indicates the Kabola peninsula (bottom) 
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comprises five limestone terraces, and five of the caves explored produced surface faunal material 

which was collected (Louys et al., 2017). Surveys continued in the southern coast of Alor, 

documenting active owl roosts from several locations. The analysis of the surface material 

identified the presence of four or five species of Rattus, Melomys, Mus and Crocidura, several 

species of small-bodied birds, fruit bats, some microbats and small bodied amphibians and 

reptiles (Samper Carro et al., 2016; Louys et al., 2017; Hawkins et al., 2018). A giant rat species 

(Alormys aplini) endemic to Alor has been recently identified and described from an owl roost 

deposit on the southwestern tip of the island. This species appears to have become extinct during 

the Late Holocene (Louys et al., 2018). Archaeological excavations were also conducted at the 

Tron Bon Lei rock shelters, near Lerabain, on the south coast (Figure 1.2). The excavations 

produced a rich archaeological deposit, which comprises the material analysed in this thesis. 

The chronological framework of this thesis is defined by the chronostratigraphic sequence 

documented at Tron Bon Lei, which encompasses phases of occupation dated from the Late 

Pleistocene (from 21 ka cal BP) to the Late Holocene (ca. 3 ka cal BP). The chronostratigraphic 

divisions used in this thesis followed the epochs described in the 2018 International 

Chronostratigraphic Chart and defined by Global Boundary Stratotype Section and Points (GSSP) 

(Cohen et al., 2018). Hence, the Holocene series has been divided into Early Holocene (11.7-8.2 

ka), Middle Holocene (8.2-4.2 ka) and Late Holocene (4.2 ka -present). 

The extreme environmental conditions of the Last Glacial Maximum (LGM; spanning c. 26-15 ka) 

led to a sea level drop of up to 135 m. At the end of the Last Glacial Maximum sea-level rose in a 

series of very rapid pulses alternating with two periods of relatively stable sea-levels around 16 – 

15 ka and 12 – 11 ka. Between ca. 17 ka and 14.5 ka, sea-level rose by about 20 m, which was the 

precursor to the Meltwater Pulse A1 (MWP-1A), which occurred between 14.5 – 14 ka. During 

MWP-1A sea-level rose on average 20 m in merely 500 years. During the Younger Dryas sea-level 

rise slowed, but reverted to a rapid rise again after 11 ka  until current sea-level was reached at 

approximately 7 ka (Yokoyama et al., 2000; Lambeck and Chappell, 2001; Clark et al., 2009; 

Lambeck et al., 2014).  

Associated environmental and climatic changes may have affected faunal compositions on islands, 

and consequently could have influenced human prey selection and subsistence strategies 

(O’Connor and Aplin, 2007). Nevertheless, until relatively recently, the impact of the LGM in 

tropical areas did not generate much interest to researchers, as it was believed that “the tropical 

regions had evaded the fluctuations of temperate areas, acting as a kind of planetary refuge” 

(Hope, 2005: 25). Conversely, the first analyses conducted in highland and lowland areas such as 

Papua New Guinea, the Aru Islands, Java, Sumatra and Sulawesi indicated that these regions 

underwent significant environmental changes, with a reduction of overall precipitation and a 
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greater annual climatic variability (Van der Kaars and Dam, 1995, 1997; Dam et al., 2001; Hope, 

2001, 2005; Hope and Aplin, 2005; O’Connor et al., 2006; O’Connor and Aplin, 2007). 

Recent palynological and sedimentological analyses, as well as dental wear analysis of 

archaeological fauna, are providing finer details to reconstruct the environmental conditions 

during and post-LGM. Traditionally, it was suggested that the presence of a ‘savannah corridor’ 

covering parts of Thailand, Malaysia, Borneo, Sumatra and Java, may have facilitated human 

migration through the region (e.g. Bird et al., 2005). This idea is being supported by new evidence 

suggesting a mosaic environment, with areas dominated by grasslands, while other areas were 

characterised by the presence of vast stretches of rainforests (Wang et al., 2009; Wurster et al., 

2010; Semah and Semah, 2012; Amano et al., 2016b). 

The more arid conditions of the LGM have been associated with the abandonment of sites, the 

diversification of resources and variations in human responses and subsistence practices 

(O’Connor and Aplin, 2007). Recent research, however, has shown that the Wallacean islands 

were not all abandoned at this time (O’Connor et al., 2010), and populations may merely have 

relocated to shelters closer to the lower sea level coastline. It has also shown that much more 

extensive sampling of islands and sites is required to discern changes in population and landscape 

use over time (O’Connor et al., 2010). Post-LGM, ISEA seems to experience an intensification in 

the occupation of sites and demographic growth, as suggested by the abundance of archaeological 

sites dating to the Pleistocene-Holocene transition (Rabett, 2012; Pawlik et al., 2014a; Amano et 

al., 2016a). However, factors such as site survival with rising sea level need to be taken into 

account. Additionally, the terminal Pleistocene-Holocene transition coincides with significant 

changes in technology, intensification of plant processing and the emergence of burial practices 

(Piper, 2016).  

The effect of these shifts in Alor, as reflected in the Tron Bon Lei assemblage, is the focus of this 

thesis. The characterisation of H. sapiens subsistence strategies in Alor will provide insights into 

human behaviour in Wallacea, what adaptations were needed to meet human subsistence 

requirements in these insular environments and their maritime capacities. The intensity and 

duration of human occupations, and the changes in human response related to environmental and 

climatic changes during the terminal Pleistocene and Holocene will be addressed to evaluate 

human adaptation in the region more generally.  

1.3. Research question and aims 

Based on the zooarchaeological assemblage and human remains recovered from Tron Bon Lei, 

this thesis posits the following research questions: 
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1. How can we characterise anatomical modern human (AMH) subsistence strategies during the 

Late Pleistocene and Holocene in Alor Island? 

2. What elements of the archaeological deposit from Tron Bon Lei permit us to make 

interpretations about occupation dynamics and human adaptations? 

3. How do the results from Tron Bon Lei relate to the data documented in other 

icthyoarchaeological assemblages from the Lesser Sunda Islands? 

4. Which methodological aspects need to be considered when analysing zooarchaeological 

assemblages from these environments? 

5. Who were the human groups that generated the zooarchaeological remains found in Tron Bon 

Lei? 

6. What do the human remains from Tron Bon Lei tell us about living conditions, peopling and 

migratory routes during the LGM in the Wallacean Islands? 

The results from Tron Bon Lei zooarchaeological assemblages and human remains will be 

compared to those obtained from other Lesser Sunda Islands, specifically Timor-Leste and Kisar. 

Finally, the data from Alor will be contextualised with published results from other Wallacean 

Islands.  

1.4. Research significance and contribution 

Alor Island, and the Wallacean Islands more generally, constitutes a good case study to tackle 

human behaviour and adaptations in insular environments. The impoverished terrestrial fauna in 

most of the Wallacean Islands would have put pressure on the subsistence demands of human 

populations, who would have to rely on other nutritional resources, likely plant and marine 

resources, for their survival.  

Additionally, the Wallacean Islands provide several examples demonstrating the intensive 

exploitation of aquatic environments from the Late Pleistocene throughout the Holocene, such as 

the assemblages from Jerimalai and Lene Hara in Timor-Leste or Here Sorot Entapa in Kisar 

(O’Connor and Veth, 2005; O’Connor, 2007; O’Connor and Aplin, 2007; O’Connor et al., 2010, 2011, 

2018). The analysis of the bone assemblages from Tron Bon Lei will contribute to the study of the 

exploitation of marine resources by Homo sapiens in the Wallacean Islands, providing new data to 

reconstruct human subsistence practices and adaptations from the terminal Pleistocene until the 

Late Holocene. Furthermore, changes in the faunal composition in Tron Bon Lei are useful for 

evaluating possible effects of the LGM and associated environmental changes on human 

subsistence practices, as well as post-LGM faunal composition in the Lesser Sunda Islands 
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Another outcome of this thesis is the application of complementary methodological 

considerations to the study of icthyoarchaeological assemblages from the Indo-Pacific region. Due 

to the high diversity of fish communities in Wallacea, previous studies have struggled to identify 

fish remains to species, leading to limitations in the interpretation of human fishing techniques 

and the identification of the habitats exploited (Samper Carro et al., 2017). Furthermore, the large 

number of fish bones recovered in many archaeological sites in Wallacea has resulted in 

taxonomical identifications based on only a few skeletal elements, without considering other 

elements such as vertebrae, heavily represented in many assemblages, but difficult to identify 

beyond family (Lambrides and Weisler, 2015a). 

Finally, this thesis describes the human cranial remains recovered in Tron Bon Lei. These 

constitute one of the few AMH fossil remains dated to the Late Pleistocene documented in 

Wallacea. The peopling of Wallacea and surrounding regions during the Pleistocene constitute a 

vibrant field of study, as the region would have been integrated in the migratory pathways from 

Sunda to Sahul. The comparison of the crania documented in Tron Bon Lei with other cranial 

remains from ISEA, Sunda, Sahul and modern specimens allow inferences to be made about the 

potential migratory routes followed by the human populations that reached Alor in the 

Pleistocene. The craniometric study included in this thesis also provides new data to study human 

phenotypic variations in the region. Furthermore, it provides a framework for the study of other 

human remains documented in later excavations in Tron Bon Lei and nearby sites.   

1.5. Thesis structure and content 

The different chapters of this thesis followed a structure defined by the nature of the research 

conducted. Due to the large quantity of zooarchaeological material and the relevance of the human 

remains recovered, as well as the complementary methodological considerations made, this thesis 

tackles the archaeological material from a single site, Tron Bon Lei in Alor Island. Therefore, the 

description of the site and material can be repetitive in some of the papers, although care has been 

taken to minimise unnecessary reiteration. A signed declaration of contribution is included at the 

beginning of each relevant chapter (chapters 4 to 7) and appendix (B to D), as outlined in the ANU 

Guidelines for a HDR Thesis by Compilation (document ANUP_003405; included in Appendix A) 

Chapter 2 provides the background to contextualise and discuss the data from Tron Bon Lei. This 

chapter introduces a review of previous archaeological and zooarchaeological analyses conducted 

in the Lesser Sunda Islands, Wallacea and ISEA more generally. This review has as its starting 

point the data available for the presence of hominins in ISEA and Wallacea. The presence of AMH 

will be linked to their subsistence strategies and lifeways, as suggested by analyses conducted in 

ISEA and the Wallacean Islands.  
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Chapter 3 introduces a general overview of the methods used in this thesis, which are presented 

in more detail in the publications. Additionally, it contains a discussion of some methodological 

aspects that were not included in the publications.  

Chapter 4 presents the first paper published on the material from Tron Bon Lei. Human maritime 

subsistence strategies in the Lesser Sunda Islands during the terminal Pleistocene-early Holocene: 

New evidence from Alor, Indonesia (Samper Carro, et al., 2016) and includes relevant background 

information on the location and features of the archaeological site, as well as the description of 

the stratigraphic sequence from Test Pit B. The material dated to the Late Pleistocene and Early 

Holocene from this test pit is described here, including inferences on human fishing practices 

based on the alleged habitats of the fish families identified. 

Chapter 5 builds on the analysis presented in the previous chapter, while including 

methodological consideration for the analysis of the rest of the assemblage from Tron Bon Lei. 

Methodological considerations for ichtyoarchaeology from the Tron Bon Lei sequence, Alor, 

Indonesia (Samper Carro, et al., 2017) addresses how differences in the methods used in the 

analysis of zooarchaeological assemblages dominated by fish remains can have deep impacts on 

the results obtained and hence, the interpretations made based on those results. To exemplify this 

hypothesis, the whole archaeological sequence from Test Pit B is presented and the complete 

zooarchaeological material is included in the publication. 

Chapter 6 delves into methodological issues related to the analysis of ichtyoarchaeological 

asssemblages. In Shape does matter: A geometric morphometric approach to shape variation in 

Indo-Pacific fish vertebrae for habitat identification (Samper Carro, et al., 2018) I investigate the 

application of geometric morphometric techniques to discern habitat identification in modern and 

archaeological fish species. The identification of fish habitat is a crucial step to assess human 

fishing practices and traditional methods of identification are not the most suitable in 

assemblages where vertebrae are abundant, such as in Tron Bon Lei. 

These three papers deal with the zooarchaeological remains recovered in Tron Bon Lei, which are 

the result of human acquisition of these animals. But, as enunciated in the research questions, who 

were these humans and where did they came from? In Chapter 7, Somewhere beyond the sea: 

Human cranial remains from the Lesser Sunda islands (Alor island, Indonesia) provide insights on 

Late Pleistocene peopling of Island Southeast Asia (Samper Carro et al., under revision) tackles the 

phenotype of the AMH remains recovered in Tron Bon Lei based on craniometric values in 

comparison to other cranial remains from mainland Southeast Asia, ISEA, Australia, Papua New 

Guinea and other modern individuals. The results from this analysis provide clues to interpret the 

populating of the Wallacean Islands and the living conditions in Alor during the Late Pleistocene. 
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Chapter 8 summarised the research presented in the previous chapters. The chapter is divided in 

three sections, tackling each of the aspects covered in the papers: zooarchaeological assemblages, 

methodological considerations and human remains. After a summary of the results, these are 

discussed in relation to the research questions and compared with data from other archaeological 

sites in Wallacea. The discussion and conclusions included in this chapter serve as a critique of 

some of the interpretations made in the published papers (chapters 4 to 7), providing new 

observations and assessing the validity of the conclusions reached previously. This chapter also 

includes some suggestions for future research. 

Chapter 9 includes a compilation of the references used in chapter 1, 2, 3 and 8, while the 

references cited in the papers are included at the end of the relevant chapter.  

Appendix A includes the guidelines and formal requirements established by ANU for the 

submission of a thesis by compilation. The following three appendices (B-D) include three 

publications produced during the span of this PhD to which I contributed as a co-author. At the 

beginning of each appendix, a foreword indicating the extent of my contribution has been 

included.  
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Chapter 2 

Previous research 
In this chapter, I provide a brief overview about the hominin fossil remains and cultural material 

potentially associated to these hominins recovered in Sunda, ISEA and Wallacea. Later, I introduce 

the evidence available, in the form of fossil remains, to address the timing of modern human 

arrival in ISEA and Wallacea. The following two sections cover the description of human 

subsistence strategies in ISEA and Wallacea, based on the analysis of zooarchaeological 

assemblages, with a focus on the indicators available for the exploitation of aquatic resources by 

AMH. Hence, this chapter provides the background to contextualise the results obtained from the 

analyses conducted in the zooarchaeological and human remains from Tron Bon Lei. 

2.1. Hominin arrival and dispersal: from Sunda into ISEA and Wallacea 

Hominin dispersal from Africa, from Homo erectus’ early migration events to the more recent 

Homo sapiens dispersal, has been a key focus in archaeological and palaeoanthropological 

research for several decades. ISEA conforms a pivotal region for research into hominin migrations 

and expansion, with Java, Borneo and Flores being major areas of fossil finds (figure 2.1).  

The discovery of Homo erectus remains in Trinil (Java) at the end of the 19th century constituted 

the first discovery of hominin remains from this island, with further fossil sites discovered since 

then, albeit with some disagreement regarding the time of dispersal and survival of Javanese 

Homo erectus (Yokoyama et al., 2008; Indriati et al., 2011). Research on some of the Javanese 

assemblages associated with these hominins have yielded evidence of shell tool use and potential 

engraving on a shell (Choi and Driwantoro, 2007; Joordens et al., 2014). 

East of the Sunda shelf, recent excavations in the Philippines support previous claims of an early 

hominin presence in the archipelago. The Kalinga site, in northern Luzon Island, lacks remains of 

early hominins but produced stone artefacts associated with animal bone fragments including an 

almost complete skeleton of a rhinoceros (Rhinoceros philippinensis), and fossils of Geoemydidae, 

Varanus cf. salvator, Stegodon cf. luzonensis and Cervus cf. mariannus (Ingicco et al., 2018). 

Electron Spin resonance (ESR) and uranium-series dating of the stratigraphic units and the 

rhinoceros’ tooth enamel yielded dates of ca.709 ka (Ingicco et al., 2018).  

A second milestone in the research of early hominin dispersal through ISEA was the discovery of 

the tools of Homo floresiensis in Liang Bua (Flores) in the early 2000s (Brown et al., 2004; 

Morwood and Oosterzee, 2007). The remains of Homo floresiensis at Liang Bua have generated a 

great deal of dispute regarding their phylogenetic affinities (Gordon et al., 2008; Argue et al., 2009, 

2017; Brown and Maeda, 2009; Brown, 2012; Neubauer, 2014; Eckhardt et al., 2015; Westaway 
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et al., 2015) their chronology (Brumm et al., 2010; Sutikna et al., 2016), and the stone tools and 

associated faunal assemblages (van den Bergh et al., 2009; Westaway et al., 2009; Brumm et al., 

2010; Dennell et al., 2014; Sutikna et al., 2018). Since this time, further evidence of early hominin 

activities, in the form of stone artefacts associated with faunal remains, and skeletal remains dated 

to the Middle Pleistocene have emerged from Mata Menge at the Soa Basin in Flores (Brumm et 

al., 2006; Van den Bergh et al., 2016a).  

In the 1940s, the discovery of lithic artefacts in the Walanae Basin in South Sulawesi, in association 

with now-extinct fauna, such as two pygmy proboscideans, a giant tortoise and a large endemic 

suid, awoke interest on the timing of human arrival to the island (Van den Bergh et al., 2016b). 

New excavations conducted in the same area revealed the presence of new sites, yielding stone 

artefacts but very few faunal remains. The dates obtained from one of the sites (Talepu) suggests 

 

Figure 2.1. Map showing the location of the hominin and AMH sites cited in sections 2.1 and 2.2. In black, 
sites with pre-AMH fossil remains or archaeological assemblages; In grey, sites with fossil remains which 
assignation is problematic; In red, AMH fossil remains and cultural assemblages 
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an initial peopling of Sulawesi by at least 118 ka (Van den Bergh et al., 2016b). However, the lack 

of human remains hampers the identification of the hominins generating these assemblages.  

Regardless, what is evident is that Homo floresiensis and the hominins responsible for earlier finds 

in Flores, the Philippines, and Sulawesi are representatives of early colonisation events into ISEA 

which required water crossings, and which are hypothesised to be the result of incidental drifts 

and natural rafts moved by oceanic currents or even tsunamis (Dennell et al., 2014). The 

zooarchaeological remains indicate that these early hominins subsisted predominantly on large 

game which was available in Sunda, in the Philippines, and in the large islands of Flores and 

Sulawesi (O’Connor et al. 2017).  

2.2. The arrival of modern humans in ISEA and Wallacea 

Back to Africa, the appearance and dispersal of AMH is a topic that continues to generate copious 

literature. Recent findings have pushed back the date for the appearance of the first AMH 

individuals, as well as suggesting a polycentric origin based on morphological, archaeological, 

genetic and paleoenvironmental data, drawing a more complex picture of the origins of Homo 

sapiens than previously thought (Hublin et al., 2017; Scerri et al., 2018). Once AMH left Africa 

through the Levant, their migratory routes are another wide field of debate, with researchers 

postulating both inland and coastal migratory routes (e.g. Boivin et al., 2013; Groucutt et al., 2015; 

Reyes-Centeno et al., 2015; Reyes-Centeno, 2016; Bae et al., 2017). 

Irrespective of the migratory paths they followed, it is widely accepted that Homo sapiens arrived 

in ISEA by 50-60 ka (Dennell and Petraglia, 2012), although their presence in northern Australia 

by 65 ka suggests an earlier date for their migration through ISEA (Clarkson et al., 2017) (Figure 

2.1). An (extremely) early presence of Homo sapiens in Java was proposed based on an isolated 

tooth in Punung III (Storm et al., 2005). The faunal assemblage associated indicated a likely age 

range of 126-81 ka for this find, however, the exact provenance of the tooth and its identification 

is unclear (Barker et al., 2007; Storm et al., 2013) and thus the association is not widely accepted. 

Some other remains may push back Homo sapiens presence in ISEA by several thousand years. 

The recent re-dating of deposits hosting human teeth from Lida Ajer (Sumatra) indicated AMH 

presence in the eastern part of Sunda at 73-63 ka (Westaway et al., 2017). A metatarsal from 

Callao cave in the Philippines (dated to ca. 67 ka) could match the dates from Sumatra (Mijares et 

al., 2010), although its phylogenetic attribution is still debated, due to its small size and unusual 

morphological characteristics (Morwood and Oosterzee, 2007; Detroit et al., 2013; O’Connell et 

al., 2018). In Palawan (Philippines), Tabon Cave yielded fragmentary human remains ascribed to 

Homo sapiens and directly dated by U-series to 31±8 ka to 47±1 ka, although recovered from 

reworked and mixed sediments from several archaeological layers (Detroit et al., 2004, 2013). 
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To date, the more reliable early AMH remains (at least in terms of securely dated) documented in 

ISEA come from Niah Cave (Borneo), dated to ca. 50 ka (Higham et al., 2016). The Deep Skull from 

Niah Cave has been a key specimen for the study of the origins of AMH in Southeast Asia and later 

prehistoric migrations in the region (Curnoe et al., 2016). Besides the Deep Skul’, the West Mouth 

of Niah cave have produced three mandibles dated to the Late Pleistocene-Early Holocene 

(between ca. 30-9 ka) and  several burials from the Holocene, with the oldest burial dated to 9.3-

9.7 ka cal BC (Piper, 2016; Curnoe et al., 2018). The burial practices observed are varied, including 

flexed and seated inhumations, secondary un-burnt and cremated burial and flexed decapitated 

burials (Piper, 2016). In addition to the importance of these remains for AMH dispersal, the 

human fossils from Niah Cave were excavated from a layer with rich cultural deposits (Piper and 

Rabett, 2014), providing remarkable data to assess AMH subsistence. 

The earliest evidence of a deliberate human burial, and the best described specimen, comes from 

Liang Lemdubu in Aru Island, dated to the LGM (ca.16-18 ka), which was part of Sahul (connected 

to New Guinea) at the time this individual was living. The ‘Lemdubu Woman’ comprises a 

secondary burial, as suggested by disarticulation marks in the humerus, ulna and acetabulum and 

the spatial distribution of the remains, indicating the skeleton was left to decay before being 

buried (Bulbeck, 2006). Except for fingers and toes, all parts of the skeleton are represented. The 

individual from Liang Lemdubu shows morphological affinities with other Sahul specimens, while 

showing dissimilarities to the later individuals from Flores, especially when compared to the 

individual from Liang Toge, described below.  

The only human remains dated to the Late Pleistocene so far known from the Wallacean islands 

are the three individuals documented in Tron Bon Lei (Alor, Indonesia). As described in chapters 

3 and 7 and summarised in chapter 8, the chronology and craniometric characteristics of these 

individuals make them key to analyse terminal Pleistocene peopling and subsistence in Wallacea.  

One of the debates regarding human evolution in insular environments refers to the effect of 

island dwarfing in hominin species. Island dwarfing is typically described as a response to limited 

resources on island environments, as well as an ecological release from predators or competitors 

(Raia and Meiri, 2006; Lomolino, et al., 2013). The island rule has been proposed as one of the 

hypotheses to explain the small size of Homo floresiensis (Gordon, et al., 2008). Although no claims 

about a reduction of size in Homo sapiens individuals documented in Wallacea have been made to 

date, Van der Plas (2007) pointed out that the smaller size of the Holocene AMH remains from 

Flores could be linked to environmental adaptations (see below). Nevertheless, genetic isolation 

and resource depletion of the Tron Bon Lei individuals could have resulted in size reduction as an 

adaptation to environmental conditions during the LGM. 
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The analysis of the vertebrate assemblage from Tron Bon Lei, associated with the human remains, 

is key for assessing the diet of the Alor AMH, as nutrition is an influential factor affecting body size 

and health. Likewise, potential shifts on the ichtyoarchaeological assemblage composition during 

the periods of occupation of Tron Bon Lei could inform on changes in human behaviour and 

subsistence practices related to fish species availability.  

Additionally, at least one of the individuals was interred in a secondary burial with five fish-hooks 

and a perforated bivalve shell as grave goods (appendix D). These ornaments inform of the 

importance of fishing for the inhabitants of Tron Bon Lei, as well as providing one of the earliest 

examples of burial practices in the Wallacean islands.  

Several AMH remains dated to the Holocene have been documented in Flores. In the 1950s, 

Verhoeven excavated twelve individuals from the sites of Liang Toge, Liang Momer, Liang Panas, 

Gua Alo, Liang X and Aimere (Van der Plas, 2007). The human remains from Flores show a 

decrease in stature and tooth size among the different individuals, with Liang Momer and Liang 

Panas individuals being taller (by almost 10cm) than the individuals from Lian Toge and Gua Alo 

(Van der Plas, 2007). It has been suggested that these changes in size may reflect reduction over 

time as an environmental adaptation (Van der Plas, 2007), although uncertainties on the accuracy 

of the age of the specimens impede further inferences regarding migrations and phenotypic 

changes. Also dated to the Holocene are the remains documented in Melolo (Sumba; Late 

Holocene), Sampung and Hoekgrot (Java), although exact dates are unknown (Storm, 1995; Van 

der Plas, 2007).  

Roti island yielded a number of AMH remains. In Pia Hudale (dated to ca. 10 ka), several post-

cranial elements and a tooth were documented, thought to represent more than one individual, 

based on preservation state and spatial distribution of the elements (Mahirta, 2003). In Lua 

Manggetek (ca. 13-7 ka), several fragmented remains were reported (Mahirta, 2003). Lua Meko is 

thought to be the earliest evidence of human occupation from Roti island, with a basal date of 

about 24 ka, and occupation phases dated to the Middle Holocene (6.5-5.5 ka) and 

Pleistocene/Holocene transition (ca. 12 ka). Seven individuals were identified based on 

duplication of the same anatomical element (Mahirta, 2003). Unfortunately, these remains are 

only briefly described in the original publication and their precise chronology is unknown, and no 

systematic analysis on their remains has yet been undertaken.  

Despite the low number of human remains dated to the Late Pleistocene documented in ISEA and 

Wallacea, the analysis of zooarchaeological assemblages and associated cultural material 

recovered from AMH occupations permit an assessment of human adaptation and subsistence 

practices in these regions.  
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2.3. Characterization of AMH subsistence strategies in eastern Sunda and ISEA  

Whereas early hominins reached Sunda and parts of ISEA, H. floresiensis and H erectus presence 

appears to have been limited to islands where large faunal resources were available (O’Connor et 

al. 2017). The appearance of modern humans, with a range of new subsistence strategies and 

technological capacities, is arguably the key to the settlement of a larger number of Southeast 

Asian islands, including the faunally depauperate islands in the Wallacean Archipelago. 

The appearance of AMH in the archaeological record has traditionally been the milestone for the 

dawn of “modern behaviour”: the new hominins exploited a broad spectrum of nutritional 

resources (plants, small vertebrates and marine resource), invented new lithic systems (blade vs. 

flake technologies) and new means of artistic and abstract expressions (portable and rock art). 

However, recent findings and the growing amount of research conducted outside Europe indicate 

that modern humans are characterised by a great diversity of adaptive responses and ways of 

interacting with their environment, ruling out a global and universal way to define AMH lifestyle 

(e.g. McBrearty and Brooks, 2000; Rabett, 2012; Roberts and Petraglia, 2015; Wedage, et al., 

2019). This controversy is especially remarkable in ISEA, where the diversity of environments 

and available resources in each island ask for flexible, and, in some cases complex and specialised, 

models of subsistence (figure 2.2). 

The faunal assemblages associated with Deep Skull in Niah Cave (Borneo) provides a picture of 

the environment and biota from ca. 50ka. Previous analyses proposed the presence of a dense 

tropical forest around Niah Cave, which would have constituted a challenging environment for the 

“newly arrived” AMH to obtain resources (Barker et al., 2007; Piper and Rabett, 2014). As such, 

the site was included in debates regarding the potential for human rainforest subsistence foraging 

activities during the Late Pleistocene (Roberts and Petraglia, 2015). Nevertheless, the analysis of 
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new environmental data and the faunal assemblages from Niah indicate that the vegetation 

surrounding the cave should be defined as variable over time, including wet lowland forest, 

montane forest, savannah and grassland (Barker et al., 2007, 2013; Roberts and Petraglia, 2015). 

The faunal assemblage from Niah Cave is dominated by bearded pig (Sus barbatus), which could 

be captured by traps set along their habitual movement trails, as suggested by the incidental 

presence of other terrestrial game such as the sambar deer (Rusa unicolor), the barking deer 

(Muntiacus sp.), the Sumatran rhinoceros (Dicerorhinus sumatrensis) and the Malay tapir (Tapirus 

indicus) (Barker et al., 2009; Piper and Rabett, 2014). Additionally, other arboreal and semi-

arboreal species are recorded, such as diverse primates (macaques, leaf monkeys, orangutans), 

and nocturnal mammals like the leopard cat (Prionailurus bangalensis), bear cat (Arctictis 

binturong), and a couple of species of civet (Paguma larvata and Paradoxurus hermaphroditus) 

(Piper and Rabett, 2009, 2014). The reptiles documented include monitor lizards (Varanus spp.), 

reticulated python (Phyton reticulatus) and freshwater turtles (Geoemydidae and Trionychidae), 

among others (Piper and Rabett, 2009, 2014). Different raptors and hornbills species have been 

also identified in the assemblage (Stimpson, 2009), some of which may result from natural deaths, 

but they seem to have been deliberately targeted based on their occurrence throughout the 

deposit (Piper and Rabett, 2014). Piper and Rabett (2009; 2014) include a complete list of the 

vertebrate fauna documented in the earliest deposits from Niah Cave (50-45 ka), comprising over 

50 taxa (including Homo sapiens).  

 

Figure 2.2. Location of the archaeological sites mentioned in section 2.3 
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Based on this high diversity in the faunal composition, hunting strategies in Niah Cave have been 

characterised as complex, employing arboreal, semi-arboreal and terrestrial-based subsistence 

systems, including the use of composite hunting artefacts (Piper et al., 2008; Barton et al., 2009; 

Piper and Rabett, 2009). Regarding the exploitation of molluscs, the Pleistocene deposits yielded 

low amounts of freshwater mollusca, with an increase in the amount of shellfish remains and a 

shift towards brackish-water and mangrove species in the Holocene tracking the establishment of 

Holocene estuaries as sea level rose (Szabo and Amesbury, 2011) 

In Java, the Gunung Sewa region in the southeast of the island have produced interesting 

zooarchaeological assemblages, thought to result from modern human hunting. Song Gupuh 

comprises 16 m of deposits, with a basal date of ca. 70 ka, and intense human occupation from ca. 

26 ka until modern times. The faunal assemblage from Song Gupuh contains macaque (Macaca 

fascicularis), deer (Rusa sp., Muntiacus muntjac, Tragulus javanicus), bovid (Bos sp., Bubalus sp.), 

pig (Sus scrofa, Suidae indet.), Javan rhinoceros (Rhinoceros sondaicus), Asian elephant (Elephas 

maximus), sun bear (Helarctos malayanus) and tapir (Tapirus indicus) (Morwood et al., 2008). 

Human occupation intensity increased during the terminal Pleistocene, with the Pleistocene-

Holocene transition marked by a greater number and diversity of species present in the 

assemblage, as well as a heavier focus on small-bodied faunal resources (mainly macaques), and 

the systematic use of mollusc from 12 ka onwards, coinciding with the appearance of shell and 

bone artefacts (Morwood et al., 2008; Szabo and Amesbury, 2011). 

A similar trend is observed in other caves of southeastern Java, such as Song Terus, Son Keplek or 

Goa Braholo (Ingicco, 2012; Semah and Semah, 2012; Piper and Rabett, 2014). In Goa Braholo, the 

vast amount of bovid and cervid remains from the earlier cave deposits (ca. 26 ka cal BP) is 

replaced by an overwhelming presence of arboreal and semi-arboreal fauna, especially 

Cercopithecidae, around the Pleistocene-Holocene boundary (ca.14 ka cal BP) (Semah and Semah, 

2012; Amano et al., 2016a). This shift corresponds with changing environmental conditions, but 

also shows that humans were deliberately targeting some species, particularly the Javan Lutung 

(Trachypithecus auratus), and that they had the complex technology and hunting strategies 

required to exploit these mosaic environments (Amano et al., 2016a).  

To date, the most complete zooarchaeological record from the Philippines, dated to the end of the 

Pleistocene, was recovered in Ille Cave, Palawan (Piper et al., 2011), with the earliest occupational 

layers dated to post-LGM (ca. 9.4-11 ka cal BP), and including a cremation burial dated to ca. 9.5 

ka cal BP (Lewis et al., 2008). The zooarchaeological assemblage associated with the terminal 

Pleistocene is dominated by two locally extinct species of deer and the Palawan bearded pig (Sus 

ahoenobarbus), with the presence of primates (long-tailed macaques), rodents, chiroptera and 

some other mammals and reptiles (monitor lizard and Geoemydidae) (Piper et al., 2011; Piper and 
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Rabett, 2014). The presence of tiger (Panthera tigris) and dhole (Cuon alpinus) occur in the 

assemblage, expanding their previously known range, as well as adding to the record of Late 

Quaternary extinctions in the region, suggesting changes in local environments and reduction of 

available territory (Piper et al., 2011) possibly related to the post-LGM flooding. 

Changes in subsistence during the Pleistocene-Holocene transition are also documented in the 

Bubog sites on Ilin Island (Pawlik et al., 2014a). Bubog I produced a stratified shell midden dated 

to between ca. 30-4 ka cal BP (Boulanger et al., 2019) The zooarchaeological assemblage is 

dominated by shellfish with only a few remains assigned to marine and terrestrial vertebrates, 

the latter represented by the endemic dwarf pig (Sus oliveri) and the endemic dwarf buffalo 

(Bubalus mindorensis). The fish assemblage demonstrate the exploitation of open reef and 

mangrove swamps through the sequence (Boulanger et al., 2019) Deposits dated to around 11 ka 

are characterised by the exploitation of mangrove, river and mudflat species (i.e. Geloina coaxans, 

Terebralia spp. and Telescopium spp.), while during the Early-Middle Holocene, the subsistence 

focus gravitates towards marine and brackish water environments, with the presence of deeper 

water mollusc species such as Conus (Pawlik et al., 2014a).  

This review illustrates the variety of human adaptations and subsistence practices identified in 

the archaeological sites from ISEA. In the Sundaland areas (Java and Borneo), the presence of a 

rich diversity of arboreal, semi-arboreal and terrestrial fauna led to the adoption of flexible and 

regionally diverse subsistence strategies by the AMH groups inhabiting the tropical areas. The 

Philippine archipelago, comprising highly diverse endemic and isolated fauna, also provides good 

examples to assess the variety of human adaptations in complex environments. The 

environmental changes brought by the LGM coincide with changes in human subsistence 

strategies, which shifted to the acquisition of smaller size species (Song Gupuh), a higher diversity 

of prey species (Goa Braholo) or changes in the marine environments exploited (Niah Cave and 

Bubog sites). 

The diversity of subsistence strategies documented suggests that AMH adaptations were flexible 

and highly adapted to the resources available, The Wallacean Islands, in their major part 

characterised by limited large terrestrial animal resources and their relative isolation from 

surrounding regions, comprise an interesting scenario to assess human adaptation and lifestyle 

in faunally impoverished environments. 
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2.4. Human occupation and subsistence strategies in Wallacean Islands 

Archaeological research in Wallacea has been traditionally focused in the large islands of Sulawesi, 

Flores and Timor. These larger islands, with a greater environmental diversity and a larger 

number of resources, would have favour the survival of human groups. However, other factors, 

such as distance to another landmasses or the degree of maritime skills and fishing technology 

available to the human groups, need to be considered when assessing the viability of smaller 

islands to sustain human populations (Keegan et al., 2008; Fitzpatrick et al., 2016; O’Connor et al., 

2018). In recent years the numbers of archaeological excavations and surveys in smaller 

Wallacean islands have increased, yielding interesting data from these insular environments (e.g. 

Louys et al., 2017; O’Connor et al., 2017). Nevertheless, Sulawesi, Flores, and Timor continue to 

be major foci of interest for archaeological and paleoanthropological research (figure 2.3). 

Besides the potential early hominin presence in Sulawesi, the two Pleistocene sequences from 

South-West Sulawesi documented hitherto derive from the sites of Leang Burung 2 and Leang 

Sakapao 1, dated to ca. 35(30)-20 ka cal BP. The basal deposits from Leang Burung 2 yielded few 

(49) stone artefacts and a faunal assemblage dominated by babirusa and two species of pygmy 

water buffalo, associated with forest environments (O’Connor and Bulbeck, 2014). A much larger 

quantity of stone artefacts were recovered from the underlying deposit, which also witnessed a 

shift in the faunal composition, now dominated by Sus celebensis, denoting secondary forest and 

 

Figure 2.3. Map showing the location of the archaeological sites mentioned in section 2.4. 1: Lean Burung 
2; 2: Leang Sakapao 1; 3: Leang Bulu Bettue; 4: Leang Sarru; 5: Liang Bua; 6: Laili; 7: Uai Bobo 2; 8: Matja 
Kuru 2; 9: Jerimalai; 10: Lene Hara; 11: Here Sorot Entapa; 12: Tron Bon Lei 
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relatively open habitats (Glover, 1981; O’Connor and Bulbeck, 2014). Leang Sakapao 1 

assemblages are characterised by the presence of marine and freshwater shells, stone artefacts 

and some faunal remains, including pig (Bulbeck et al., 2004; O’Connor and Bulbeck, 2014). Both 

sites seem to be abandoned at the peak of the LGM.  

Sulawesi has also produced some of the oldest evidence of rock art from outside Europe. Several 

sites from the Maros-Pangkep karsts in the southwest of the island contain examples of rock art, 

which have been recently dated to ca. 40 ka (Aubert et al., 2014). Additionaly, Leang Bulu Bettue 

(ca. 30-22 ka) in the same karst area, produced Late Pleistocene deposits containing portable art 

and ornaments and evidence of pigment processing (Brumm et al., 2017) 

In the Talaud Islands, situated between Mindanao and North Sulawesi, the Leang Sarru rock 

shelter dates to the Late Pleistocene (Tanudirjo, 2001). Three occupational phases were 

documented, with the most intense occupation dated to the LGM (21-17 ka BP). The faunal 

assemblages dated from the Late Pleistocene to the Holocene are dominated by marine shellfish, 

mainly Neritidae, Turbinae and Trochinae, with changes in their representation likely related to 

shifts in climate, temperature and sea level (Ono et al., 2009). The lack of animal bones likely 

reflects the scarcity of fauna in the Talaud islands before the introduction of domesticates, 

although the lack of fish is difficult to explain (Ono, 2016).  

Research in Late Pleistocene and LGM deposits in Flores seems to have been eclipsed by the 

discovery of Homo floresiensis and the ongoing efforts to obtain a reliable date for the arrival of 

AMH to the island. New stratigraphic and chronological evidence from Liang Bua, the type locality 

for H. floresiensis, suggest that Homo sapiens arrived in Flores by ca. 46 ka (Sutikna et al., 2016, 

2018). The fauna assemblage from Liang Bua has been characterised by the distinctive presence 

of four species thought to be associated with H. floresiensis: stegodon (Stegodon florensis insularis), 

giant marabou stork (Leptoptilos robustus), vulture (Trigonoceps sp.) and the Komodo dragon 

(Varanus komodoensis). The timing of extinction of these four animals is one of the key questions 

yet to be tackled by researchers (Sutikna et al., 2018).  

The rest of fauna documented in Liang Bua includes bat, bird, shrew, murids, civet, porcupine, 

macaque, dog, deer, pig, bovid, horse, terrestrial, freshwater and marine mollusca, frogs and fish, 

with many of these taxa being introduced during the Holocene (van den Bergh et al., 2009; Sutikna 

et al., 2018). Although no taphonomic analyses have been completed to date, Sutikna et al. (2018) 

suggest that, given the context of the assemblage (i.e. cave setting) and the large quantity of 

remains documented from some specific taxa (rats, bats and frogs), some portions of the 

assemblage may be the result of avian predation or natural deaths (Sutikna et al., 2018: 61).  
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The recent analyses indicated a pronounced change in the taxonomic composition immediately 

after the deposition of a tephra layer around 50-47 ka, with another major change identified after 

a second volcanic eruption dated to ca. 13-11 ka ago (Sutikna et al., 2018). The deposits overlying 

the first tephra layer (T3) also marks a change in raw material, from silicified tuff to chert, while 

the unit above the second large tephra layer (T7 and T8), unit 8 dated to ca.12-5 ka cal BP witness 

a slight increase in the proportion of fish. The faunal composition in units 6 and 7, dated to the 

terminal Pleistocene (18-13 ka and 13-12 ka respectively) is dominated by rat and bat (especially 

microbat) remains, followed by frogs, birds and, only in unit 6 (ca. 18-13 ka), stegodon remains, 

with no evidence of introduced large mammals (Sutikna et al., 2018). However, until taphonomic 

analyses are available for the Liang Bua assemblages, any interpretations regarding AMH 

subsistence strategies based on these assemblages needs to be prudential. 

Since the beginning of new excavations in Timor-Leste in 2000, a number of sites dating back from 

the Pleistocene, to before and through the LGM, have been documented (O’Connor et al., 2002a; 

O’Connor and Veth, 2005; O’Connor, 2007; O’Connor and Aplin, 2007; O’Connor et al., 2010, 2011; 

Hawkins et al., 2017). To date, the archaeological deposits from Timor-Leste constitute the 

earliest dates for AMH occupation in Wallacea, with Laili (44.6 ka cal BP), Jerimalai (ca.42 ka cal 

BP) and Lene Hara (ca.42 ka cal BP) providing the oldest dates. These sites have episodic evidence 

of occupation from the individual test pit sequences, but taken together they present a record of 

continuous occupation of the coastal regions from ca. 44 ka, throughout the LGM, across the 

Pleistocene-Holocene boundary and throughout the Holocene (O’Connor and Aplin, 2007). 

The modern native terrestrial fauna in Timor is poor, limited to a small murid and a tiny shrew, 

and introduced species such as the New Guinean cuscus (Phalanger orientalis), and Asian 

domesticates and commensals, translocated in the Late Holocene (Glover, 1986; O'Connor 2015). 

Fossils of pygmy stegodons, a giant tortoise, a large lizard and four genera of giant rat have been 

reported in Timor, although they likely became extinct prior human arrival (O’Connor and Aplin, 

2007; Aplin and Helgen, 2010; Louys et al., 2016).  

Laili (Laleia, Timor-Leste) is a partially collapsed cave located ca. 86 m above sea level and about 

350 m east to the closest water source, the Laleia River and 4.3 km from the coast. Three 

occupational phases are identified in Laili Cave: the earliest period, dated to the Late Pleistocene 

(44.6-27 ka cal BP); a second period coinciding with the LGM (22.5-18.5 ka cal BP); and a younger 

period dating to the terminal Pleistocene (17.5-11.2 ka cal BP) (Hawkins et al., 2017). A large 

number of stone artefacts were recovered, with the highest concentration documented in 

stratigraphic units postdating the LGM (Hawkins et al., 2017).  

Vertebrate remains were recorded throughout the archaeological sequence, being most abundant 

in the earlier periods of occupation and declining over time (Hawkins et al., 2017). The faunal 
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assemblage in Laili comprise sixteen mammal taxa, including human (H. sapiens, small fragments 

of ribs and phalanges), dog (Canis familiaris), five small rats (Muridae, small Komodomys, large 

Komodomys, small Melomys, large Melomys), four extinct giant rats, at least one fruit bat and a 

minimum of six insectivorous bats. Seven bird taxa, four reptile taxa (small lizard, sea and 

freshwater turtles, and snake) and one species of frog were identified. Finally, small quantities of 

freshwater eels (Anguillidae) and parrotfish (Scaridae) were identified.  

Although the assemblage in Laili is dominated by the presence of mammals (NISP= 4980 from a 

total NISP of 10,016), the zooarchaeological material contains evidence of the exploitation of 

aquatic resources. The few remains of freshwater and marine bony fishes are mostly found in the 

earlier and terminal Pleistocene period, with an abrupt decline during the LGM. Molluscs are more 

abundant, with a total of 1369 individuals (MNI) occurring from surface to base, although 

concentrated in the upper layers and showing a sharp decline from the LGM and during the Late 

Pleistocene. The terminal Pleistocene-Holocene is characterised by the presence of mangrove 

swamp, mudflat dwelling species, and freshwater and brackish habitats species. From the 

beginning of the LGM, marine taxa dominate the assemblage, representing the exploitation of 

open rocky coastal environments, and a rare presence of sandy beach and deep ocean taxa. 

Additionally, some families of marine, brackish and freshwater crustaceans have been identified 

(Hawkins et al., 2017).  

The faunal assemblage from Laili suggests a heterogeneous environment during the Pleistocene, 

with relatively stable vegetation but variations in the hydrological conditions. Although the role 

played by humans and non-human predators (i.e. raptors) needs to be assessed, the medium-sized 

birds (imperial pigeon, duck), large fruit bats, and marine and freshwater turtles are likely to be 

the result of human predation. Subsistence strategies have been defined as flexible, broad-

spectrum foraging of terrestrial and coastal vertebrates and invertebrates, with a drastic shift 

towards the exploitation of freshwater shellfish from the peak of the LGM (Hawkins et al., 2017). 

In summary, the Laili fauna shows some similarities with Uai Bobo 2 and Matja Kuru 2, the two 

other sites in Timor Leste documented inland, and in contrast with the coastal sites of Lene Hara 

and Jerimalai. 

Uai Bobo 2 (100 km inland, ca. 16 ka cal BP; Glover, 1986) seems to have been occupied only after 

the peak of the LGM. The faunal assemblage from Uai Bobo 2 produced almost exclusively large 

and small rats and bats, although containing ornaments made from shell (Veth et al., 2005; 

O’Connor and Aplin, 2007). Matja Kuru 2 (10 km inland, ca. 35 ka cal BP (Veth et al., 2005; 

O’Connor et al., 2014), produced an older basal date than Uai Bobo 2, although no evidence of 

occupation was recorded between 30 ka to 15 ka BP (Veth et al., 2005; O’Connor and Aplin, 2007). 

At that time,  the coast would have been even further from the cave, and the drier conditions 
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experienced during LGM may have resulted in drying of the large lake which is proximal to the 

cave. The faunal assemblage from Matja Kuru 2 suggests a mixed subsistence strategy, including 

marine shellfish and marine fish, remains of a freshwater chelid turtle, and mainly terrestrial 

resources, with abundant remains of giant rats and reptiles (O’Connor et al., 2014). Matja Kuru 2 

also produced a complex bone artefact from the Late Pleistocene units, marine shell beads, and a 

dog burial dated to the Holocene (O’Connor, 2006; González et al., 2013; O’Connor et al., 2014). 

The faunal assemblages from these inland sites contrast with those recovered in the Pleistocene 

coastal sites, which show a focus on aquatic resources. 

Jerimalai cave provides the oldest evidence of fast-swimming pelagic fish exploitation, dated to 

42-38 ka and the oldest fish hook from Wallacea, dated to 23-16 ka (O’Connor, 2007; O’Connor et 

al., 2011). The two 1x1m test pits excavated in 2005 produced a rich faunal assemblage, including 

marine fish and shellfish, marine turtles, murid rodents, bats, birds and reptiles, as well as stone 

artefacts, bone points, shell fish-hooks and beads dated to the terminal Pleistocene (Ono, 2016). 

Four occupational phases were documented in Jerimalai: Phase I, dated to the Late Pleistocene 

(42-38 ka cal BP); Phase II, dated to the terminal Pleistocene-Early Holocene (17-9 ka cal BP); 

Phase III, corresponding to the Middle Holocene (6.5-5.5 ka cal BP); and Phase IV, dated from 5.5 

ka cal BP to modern occupation.  

The icthyoarchaeological assemblage from Jerimalai comprises twenty-three taxa, including 22 

marine fish families (O’Connor et al., 2011). In terms of Minimum Number of Individuals (MNI), 

tunas (Scombridae) account for 16% of total MNI, followed by parrotfish (Scaridae), trevallies 

(Carangidae), triggerfish (Balistidae) and groupers (Serranidae). The rest of the families identified 

are Lethrinidae (emperors), Lutjanidae (snappers), Acanthuridae (unicornfish), Labridae 

(wrasses), and Tetradontidae (puffers). Both rays and shark remains (Elasmobranchi) were 

identified. Phase I (42-38 ka cal BP) shows an intense focus on pelagic fish families (49% of MNI), 

particularly Scombridae, although the total number of fish bones in this phase is low (NISP=104), 

likely due to difficulties in the recovery and extraction of bones due to the cemented conditions of 

the deposit (O’Connor et al., 2011). Phase II (17-9 ka cal BP) still shows a high percentage of 

pelagic families, with an increase in the number of trevallies, groupers and triggerfishes. Phase III 

and IV, dated to the Middle Holocene, shows a lower ratio of pelagic fish, while the total number 

of remains increase dramatically.  

The findings from Jerimalai suggest the cave’s inhabitants had the advanced technology and high 

level of maritime skills needed to exploit marine environments, which provide one of the few 

nutritional resources available. The small size of the pelagic individuals and the lack of direct 

evidence of fishing technology in the earliest occupation phase hinders the evaluation of the 

fishing methods used by the first occupants of Jerimalai (O’Connor et al., 2011). Additionally, there 
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have been claims that further analysis of the fishing bones assigned to pelagic individuals in 

Jerimalai is necessary, as bones were only identified to family level and different species in the 

same family can occupy different habitats. Therefore, the identification of Jerimalai scombrids and 

oceanic tuna and consequently, the claims regarding pelagic fishing need further justification 

(Anderson, 2013a, 2013b). 

Lene Hara is a large limestone cave at about 100 m asl and less than 1 km from the current 

coastline (O’Connor et al., 2010). Four test pits were excavated in 2000, 2002 and 2009, which 

revealed the complexity of the cave stratigraphy (O’Connor et al., 2010, 2002a). Four separate 

chronostratigraphic sequences have been identified: Square A, dated to the Late Pleistocene (ca. 

39-34 ka cal BP) and Late Holocene (ca.4.5-3.5 ka cal BP); Square B, dated to the LGM (30-21 ka 

cal BP); Square D, dated to the Late Holocene (ca. 3.5 ka cal BP) and Square F, ranging from Early 

to Late Holocene (ca.11-0.3 ka cal BP). The oldest dates were obtained from a breccia deposit 

preserved under a speleothem column in the cave, and which contained cultural materials 

including shell, bone and stone artefacts dated to c.a 42.5 ka cal BP (O’Connor et al., 2010).  

The cultural material from Lene Hara Cave includes pottery, stone artefacts, shell artefacts and 

bones. The faunal assemblage from Lene Hara is described as including marine shellfish with 

occasional marine turtles and fish, and smaller terrestrial contribution from rodents, reptiles and 

bats (O’Connor et al., 2002a; O’Connor and Aplin, 2007), although detailed zooarchaeological and 

taphonomic analyses have not yet been conducted. Notably, Square F contained a shellfish hook 

dated to ca. 10 ka cal BP (O’Connor and Veth, 2005). 

Based on the faunal assemblages in the Timor-Leste archaeological sites, before the introduction 

of domesticates or translocated species (e.g. Phalanger orientalis), human subsistence in coastal 

areas was heavily reliant on marine resources, with an intense exploitation of shellfish and fish 

that became even greater in the Early Holocene as the sites became more proximal to the coast 

with sea level rise. In the inland sites, small vertebrates, with occasional contribution of fresh 

water and marine resources, dominate the faunal assemblages. The introduction of domestic 

animals likely resulted in a decrease in the exploitation of marine resources and a greater focus 

on the new domesticates (O’Connor, 2015, 2006b). 

Recent research in other Lesser Sunda Islands is leading to a clearer picture of human adaptations 

in smaller Wallacean Islands. The terrestrial fauna of the Lesser Sunda Islands is very 

impoverished, consisting only of shrews, several rodent species and reptiles (lizards and snakes). 

A few species of bats have been identified, with birds being the best-studied fauna (Trainor, 2005, 

2007; Trainor et al., 2006, 2008). Conversely, the diversity of marine ichthyofauna is immense, 

with thousands of species identified. The introduction of domesticates and agriculture has 

transformed human subsistence practices in most of these islands.  
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Besides Tron Bon Lei, only one other site in Alor (Makpan), an archaeological site in Lembata and 

Here Sorot Entapa site in Kisar have been recently documented, although only the 

zooarchaeological assemblages from Here Sorot Entapa has been published yet. Additionally, 

several sites in Roti Island were excavated in the early 2000s (Mahirta, 2003). Faunal assemblages 

from Roti Island are described as including small terrestrial vertebrates (rodents, bats, birds and 

reptiles), freshwater turtle, marine fish, and marine and freshwater shellfish (Mahirta, 2003), 

although a detailed zooarchaeological and taphonomical analysis of these assemblages has yet to 

be undertaken.  

The island of Kisar, 25 km north east of Timor-Leste, is the smallest island of Wallacea known to 

have been occupied in the Pleistocene (O’Connor et al., 2018). There, Here Sorot Entapa shelter, 

located about 24 m asl and approximately 80 m from the coast, has evidence of human occupation 

in two chronological phases: Phase 1, ranging from the terminal Pleistocene to the Early Holocene 

(15.5-9.5 ka cal BP); and Phase 2 dated to the Middle-Late Holocene (4.9-1.8 ka cal BP). The 

archaeological deposits contained stone artefacts, animal bone and a large quantity of molluscs, 

urchin and crab as well as shell fish hooks and beads (O’Connor et al., 2018). 

Fish bones dominate the faunal assemblage, with 26 families identified. Phase 1 contains a larger 

number of remains, as well as a higher taxonomic diversity than Phase 2 (O’Connor et al., 2018). 

Changes in the proportion of carnivore/herbivores-omnivores fish have been documented in the 

fish assemblage. Carnivore abundance is lower in Phase 1 and increases by the end of Phase 2 

(O’Connor et al., 2018). The rest of the faunal assemblage includes large and small murid rodents, 

fruit bats, birds, a small numbers of terrestrial reptiles, and some marine turtles, with the 

introduction of domestic dogs, Pacific rat, and black rat during the Late Holocene.  

In summary, the impoverished terrestrial fauna in most of the Wallacean Islands pushed human 

groups towards a specialised exploitation of marine environments. Human consumption of non-

fish vertebrates, as seen by the presence of small rodents, bats, birds, and reptiles in inland sites 

from Timor-Leste needs to be further assessed by the application of taphonomic analyses in these 

assemblages. Until then, before the introduction of domesticates, lifeways seem to have been 

closely linked to the development of technological skills required to acquire marine fish and the 

exploitation of resources that could be gathered at the shoreline. In this sense, identifying the 

fishing habitats (i.e. inshore or open waters) exploited by humans, as well as the role played by 

post-depositional processes and non-human predators in the accumulation of the 

zooarchaeological assemblages, is a key point prior to the evaluation of human subsistence 

strategies, in Alor in particular, and in the Wallacean Islands in general.  
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Chapter 3 

Material and Methods: An overview 
The following chapters (chapters 4 to 7) include a description of the material analysed and the 

methodology applied in each of the publications. To minimise repetition, this chapter introduces 

a brief description of the fieldwork tasks and material selected. It also includes a discussion of the 

justification behind the methods chosen to analyse the zooarchaeological assemblages and human 

remains. 

3.1 Fieldwork and material selection 

Fieldwork in 2014 comprised the excavation of three 1x1 m test pits in two adjoining rock shelters 

at Tron Bon Lei, near the village of Lerabain (Figure 3.1). The rock shelter is located about 33 m 

asl and 160 m from the shoreline. 

 

Figure 3.1. A) Plan of the Tron Bon Lei shelters indicating the excavation squares A, B and C; B) Test 
Pits A (front) and C (back); C) Test Pit B: D) Profile of Tron Bon Lei ridgeline down to the coast showing 
height above coast and distance to coast 
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The deposits were excavated in 5 cm spits, following the stratigraphic layers and adjusting the 

horizontal and vertical extension of the excavation units to accommodate discontinuities or 

features as spatially separated units. All the sediment was wet sieved through 1.5 mm mesh. All 

the archaeological material was then dried and sorted into general categories (i.e. lithics, shell, 

crab, urchin, barnacle, bone, pottery, charcoal). All three test pits yielded cultural material such as 

basalt and obsidian artefacts, pottery sherds and dense faunal remains.  

Test Pit A and C, in the west facing rock shelter were shallow, reaching bedrock at a depth of c. 70 

cm. Six stratigraphic layers were identified in Test Pit A. The three first layers comprise a sandy 

silt matrix, varying from light (layers 1 and 3) to dark brown (layer 2), with few rocky inclusions. 

A stratigraphic change is identified in layer 4, where the sediment turned into an orange silty clay, 

with a higher proportion of rocky inclusions, which increased until bedrock was reached in layer 

6 (figure 3.2). The description of the stratigraphic sequence from Test Pit C is provided in chapter 

7.  

The accelerator mass spectrometry (AMS) 14C dates for Tron Bon Lei were provided by the ANU 

radiocarbon facility. The radiocarbon dates for Test Pit A dated the occupations to the Early and 

Late Holocene, with some dates on charcoal yielding recent dates which may  be related to modern 

disturbances (table 3.1). AMS radiocarbon dates for Test Pit C yielded Middle and Late Holocene 

dates. 

 
Figure 3.2. Stratigraphic section from Tron Bon Lei Test Pit A 



30 
 

 

 

Several direct dates on the human remains and sediment associated were obtained through U-Th 

(Radiogenic Isotope Facility, The University of Queensland) and OSL (Prescott Environmental 

Luminescence Laboratory, University of Adelaide). U-Th direct dates on the human remains and 

OSL dating on the sediment associated with the burials from Test Pit C provide a minimum age of 

7.7 ka (U-series) and maximum of 17.3 ± 0.9 ka (OSL date) for the human remains (Table 3.2). 

Explanation of the dating methods and results can be found in chapter 7.  

Test Pit B yielded the most complete archaeological sequence, extending to a depth of over 3 m. 

Several dense shell accumulations and ashy features were documented. A complete description of 

the stratigraphic sequence, as well as the stratigraphic drawing are provided in chapters 4, 5 and 

6.  

The chronostratigraphic sequence documented in Test Pit B indicates four occupational phases 

(table 3.3): Phase I, dated to the Late Holocene (layers 1 to 5; 3010-5440 cal BP); Phase II, 

accumulated during the Middle Holocene (layers 6 to 9; 7425-8300 cal BP); Phase III, dated to the 

Pleistocene-Holocene boundary (layers 10 and 11; ca. 9500-12,500 cal BP); Phase IV, dated to the 

height of the Last Glacial Maximum (layers 12 and 13; 18,890-21,000 cal BP). 

These four phases were not recognised in previous publications (chapters 4 and 5), but a 

recalibration of the C14 dates from Tron Bon Lei as well as the construction of the Bayesian 

Table 3.1. AMS radiocarbon dates from Tron Bon Lei, Test Pit A (top) and Test Pit C (bottom). Dates 
calibrated using OxCal v.4.3.2 against IntCal13 and Marine 13 (Bronk Ramsey 2017; Reimer et al., 2013) 

 

*Charcoal should contain more than approximately 50%C. %C was measured volumetrically during cryogenic 
collection and purification 
d13C was measured by AMS and used in date calculation. It is not comparable to d13C values measured by isotope-
ratio mass spectometry 

 

Table 3.2. U-series isotopic and concentration data for the tooth from one of the individual recovered 
in Test Pit C. All ages are reported to 2 σ error. Explanation of the ratios is included in chapter 7 
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chronostratigraphic sequence for this thesis, including every date from the three Test Pits 

excavated indicates that the previous Phase II (layers 6 to 11, ranging from 7.5 to 12.5 ka cal BP 

in chapters 4 and 5) should be divided into two discrete phases, due to the presence of an 

occupational gap of over 1,000 years between layers 9 and 10 (figure 3.3). 

The rich lithic assemblage from Test Pit B is characterised by the presence of extremely small 

specialised obsidian flakes and cores, and large basalt flakes and cores (Maloney et al., 2018). The 

obsidian has been analysed by portable X-ray florescence, and denotes an off-island provenance 

for at least one of the three obsidian sources identified, suggesting maritime interaction by at least 

the terminal Pleistocene (Reepmeyer et al., 2016). Phase I yielded a low quantity of faunal 

material, especially the first two layers, while Phases II, III and the top layer of Phase IV (layer 12) 

provided the majority of the material that has been analysed in this thesis. The zooarchaeological 

assemblage comprises large numbers of shellfish, fish bones and sparse terrestrial vertebrate 

remains (i.e., bats, murid rodents, shrews, birds, reptiles and amphibians). The description and 

analysis of the ichthyological assemblage constitutes the main part of this thesis (chapters 4 and 

5). Changes in fish composition and its relationship to environmental changes and its implication 

for human subsistence are addressed in chapters 4, 5 and 6. Human remains, identified as Homo 

sapiens, were documented in Test Pit B and C and are described in chapter 7. The taxonomic and 

taphonomic analysis of the terrestrial vertebrates is included in appendix B. The human remains 

Table 3.3. AMS radiocarbon dates for Tron Bon Lei Test Pit B. Dates calibrated using OxCal v.4.3.2. 
against IntCal13 and Marine 13 (Bronk Ramsey 2017; Reimer et al., 2013) 
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from this test pit were interred with several fish hooks, which are described in the publication 

included as appendix C.  

 

 

 

Figure 3.3. Bayesian model with the radiocarbon dates from Tron Bon Lei. Modelled in Oxcal v.4.3.2. 
(Bronk Ramsey, 2017) against IntCal13 and Marine13 (Reimer, et al., 2013). Samples codes are: Test 
Pit_Radiocarbon laboratory_Individual Sample Number. Sample number can be found in tables 3.1 and 
3.3. Prior and posterior outlier probabilities follow in square brackets as: [O:posterior/prior] 
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3.2. Methodology for the analysis of zooarchaeological assemblages 

Traditional zooarchaeological analysis 

The interpretation of human subsistence strategies based on zooarchaeological assemblages can 

be profoundly affected by the methodology applied during the analysis of the remains. As 

demonstrated by several studies (e.g. Wheeler and Jones, 1989; Nagaoka, 1994, 2005; Zohar and 

Belmaker, 2005), recovery methods used are the first bias affecting the assemblages that will 

reach the laboratory for further analysis. In most cases, modern excavations have solved this 

sampling issue with the introduction of wet sieving or, in the best of the situations, flotation tanks. 

Likewise, mesh sizes tend to be carefully selected. In the case of Tron Bon Lei, all the sediment 

was dry-sieved and then wet-sieved through 1.5 mm mesh, securing the recovery of tiny 

fragments of bone.  

The second methodological bias in the analysis of zooarchaeological assemblage is 

circumstantially related to recovery methods, but with a focus in the identification methods 

applied. The end of the 1990s witnessed a ‘revolution’ in the analysis of bone assemblages, with 

the application of new parameters in the analysis and identification of zooarchaeological remains. 

Firstly, the re-analysis of Mousterian and South African assemblages by Marean and colleagues 

(e.g. Marean, 1998; Bartram and Marean, 1999; see comments on Klein et al., 1999) showed how 

critical it was to analyse complete assemblages. Their analyses demonstrated that previous 

interpretations on Neanderthal and AMH subsistence strategies, postulating scavenging versus 

hunting (see Binford, 1984), were based on the recovery of incomplete assemblages (lacking shaft 

fragments) and the exclusion of ‘unidentifiable’ mid-diaphysis fragments from analysis. Secondly, 

claims for an application of taphonomic principles for the analysis of vertebrate assemblages, 

summarised in the publication of Lyman’s referential work (Lyman, 1994) entailed that 

zooarchaeological analyses moved from simple taxonomical lists to holistic analyses of the factors 

interacting with faunal assemblages before and after their recovery. 

These matters affect ichthyological assemblages in similar but also unique ways. Although the use 

of appropriate recovery methods is critical in icthyoarchaeological assemblages (Wheeler and 

Jones, 1989; Nagaoka, 2005), the exclusion of bones difficult to identify to a low taxonomical level 

should also be considered a crucial issue in the analysis of archaeological fish remains. Compared 

to large vertebrates, fish morphologies and sizes are more variable than almost every other 

vertebrate commonly recovered in archaeological sites (Colley, 1990). Furthermore, the high 

taxonomic diversity in some regions (such as the Indo-Pacific), linked to high fragmentation and 

the presence of carbonate incrustations on the bone surfaces, deters analysts of allocating time 

and effort on identifying ichthyoarchaeological remains to species level.  
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These issues result in differences in the manner taxonomic identifications are reached. In Europe, 

researchers usually analyse and attempt to identify every cranial and postcranial element 

(Wheeler and Jones, 1989; Bouffandeau et al., 2018). However, for Indo-Pacific 

icthyoarchaeological material, identification tasks have traditionally focused on the five paired 

cranial elements (dentary, maxilla, premaxilla, quadrate and angular) and a few highly distinctive 

bones (Dye and Longenecker, 2004; Lambrides and Weisler, 2015a).  

Recent research shows a more detailed identification and complete analysis of 

ichthyoarchaeological assemblages (see examples in Lambrides and Weisler, 2015a, 2016; 

Guillaud et al., 2016; Bouffandeau et al., 2018; O’Connor et al., 2018). Likewise, analysts are 

starting to consider the taphonomic aspects behind the accumulation of fish remains in 

archaeological sites (Van Neer and Morales Muñiz, 1992; Bogiatto et al., 2006; Broughton et al., 

2006; Cravinho, 2011; Le Gall, 2011; Zohar and Biton, 2011; Guillaud et al., 2018). The systematic 

analyses of icthyoarchaeological assemblages are leading to more informed interpretations 

regarding human fishing strategies, especially in terms of the habitats targeted by human groups. 

Likewise, differences in taxonomic composition based on a larger number of bones can be related 

to potential environmental changes and shifts of human resources exploitation behaviour. 

The methods applied in this thesis follow these principles, by analysing the complete 

zooarchaeological assemblage from Tron Bon Lei. The zooarchaeological analysis comprised the 

identification of every skeletal elements to the lowest possible taxonomic level, including the 

criteria usually recorded for vertebrate remains (element, portion preserved, side, and age at 

death) and any bone surface modification observed (breakage patterns, burning evidence, 

external colouring, anthropic marks, and non-anthropic modifications).  

Three quantitative units were used: number of remains (NR), determined by the total number of 

identified and unidentified fragments in the assemblage; number of identified specimens (NISP), 

which includes all the elements identified to, at least, family; minimum number of individual 

(MNI) calculations included side and the portion preserved form each anatomical element.  

Differences in how each of these values are calculated, linked to the implication to assess human 

subsistence, are some of the topics addressed in chapter 5.  

Application of geometric morphometric methods 

The taxonomic identification of remains requires the comparison of each element with modern 

reference specimens. In regions with great taxonomic diversity, this implies access to 

comprehensive reference collections, which may not be available. This issue is especially critical 

in the case of fish vertebrae, in most cases one of the largest components in icthyoarchaeological 

assemblages. As a result, vertebral remains are excluded from lower taxonomic identifications, 
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affecting the completeness of the analysis (e.g. Lambrides and Weisler, 2015b; Bouffandeau et al., 

2018; Guillaud et al., 2018).  

One of the reasons behind the interest in identifying the fish species in an assemblage resides in 

the information that can be gained about fish ecology and preferred habitat. In assemblages 

generated by humans, the identification of fish habitats can inform about human maritime 

technological abilities based on the habitats they were able to exploit (Butler, 1994). Therefore, 

being able to identify fish habitat is directly linked to ascertaining human fishing behaviour and 

capacity.  

To overcome limitations related to incomplete reference collections or poor preservation of the 

archaeological material, as well as time constraints, the analysis of the fish vertebrae from Tron 

Bon Lei has focused on finding a correlation between vertebral shape variations and different fish 

habitats. To that end, chapter 6 comprises the methods and results obtained through the 

application of geometric morphometric techniques to identify and assess how shape changes can 

be used as a complementary method to inform on fish habitat. 

Although geometric morphometric methods (GMM) have been commonly used in biology to 

analyse shape variation (Zelditch et al., 2004), its application in palaeoanthropology, 

palaeontology and archaeological contexts is increasing (see references in Samper Carro, et al., 

2018). One of the advantages of GMM is that material can be analysed from photographs, 

facilitating the access to resources and data sharing. Furthermore, it provides a complementary 

method for identification of vertebrae, addressing habitat instead of taxa, when reference 

collections are not available or incomplete.  

The data from Tron Bon Lei and the ANU reference collection is accessible through ANU Data 

Commons Open Access repository (https://doi.org/10.25911/5c7c8c5c6d770) and as 

Supplementary Information in the original publication (Samper Carro et al., 2018). In the near 

future, these databases will contain more archaeological specimens from Timor-Leste, providing 

more comparable material with which compare archaeological fish vertebrae from other Indo-

Pacific sites. 

3.3. Methodology for the analysis of human remains 

The human remains from Tron Bon Lei constitute, to date, the oldest AMH material from a secure 

context documented in Wallacea. Due to their provenance and chronology, the remains from Tron 

Bon Lei raise questions related to human migrations through the Wallacean Archipelago and 

phenotypic variations due to environmental conditions and resources availability in insular 

environments. 

https://doi.org/10.25911/5c7c8c5c6d770
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The analysis of Tron Bon Lei AMH remains followed three steps: reconstruction of the remains in 

the laboratory, reconstruction of their bioskeletal profiles, and metrical comparison of the crania 

with Pleistocene and Holocene specimens from the Sunda, Sahul and ISEA and modern specimens 

from ISEA, Japan, Papua New Guinea and Australia. Additionally, the remains were directly dated 

through optically stimulated luminescence (OSL) and U-series (U-Th) methods. The detailed 

description of the analysis and dating methods a included in the manuscript and supplementary 

online information (SOM) in chapter 7. 
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Figure 7.1. A) Location of Tron Bon Lei in Alor Island. Modified from CartoGIS Services, ANU, original map. B, C) Detail of human remains in situ: Tron 

Bon Lei Test Pit B (TLB; B) and Test Pit C (TLC-1; C). 
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Figure 7.2. Map with the geographical location of the specimens considered in our craniometric 

comparison. See Table 1 for number correlation. 
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Figure 7.3. Human remains recovered from Tron Bon Lei Test Pit B (TLB) and Test Pit C (TLC-1 

and TLC-2) after cleaning and reconstruction. A) Anterior view of TLB; B) Superior view of TLB; 

C) Inferior/endocranial view of TLB; D) Left lateral view of TLB; E) Right lateral view of TLB; F)  

Mandible of TLB; G) Left maxilla of TLB;  H) Anterior view of TLC-1; I) Superior view of TLC-1; J) 

Posterior view of TLC-1; K) Right lateral view of TLC-1; L) Right maxilla of TLC-1; M) Left maxilla 

of TLC-1; N) Mandible of TLC-1; O) Mandible fragment of TLC-2. 
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Figure 7.4. A) Tron Bon Lei Pit C stratigraphic section. B) Plan view of Tron Bon Lei C human 

remains, showing position of TLC-1, TLC-2, TLC-3 (dashed area) and cobbles (gray). 
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Figure 7.5. Bivariate plot of the first two principal components (PC2 vs. PC1) resulting from a PCA based on cranial measurements for Pleistocene and 

Holocene remains considered in the analysis. Refer to table 9 for variables loading, eigenvalue and percentage of variance. 
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Figure 7.6. Bivariate plot of the first two principal components (PC2 vs. PC1) resulting from a PCA based on cranial measurements for Pleistocene, 

Holocene and modern material considered in this analysis. Refer to table 9 for variables loading, eigenvalue and percentage of variance. Abbreviations: 

m= male; f= female. 
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Figure 7.7. Cranial index values (horizontal scale) for the Pleistocene, Holocene and modern material compared to Tron Bon Lei remains. Cross= Tron 

Bon Lei; Plus= Pleistocene; Square= Holocene; Dot= Pleistocene/Holocene; Blue diamond= Modern.  
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Chapter 8 

Research summary and conclusions 
This thesis presents the analysis of the zooarchaeological assemblage and human remains 

recovered from Tron Bon Lei, Alor Island. The results from the analyses of the faunal remains 

contribute to the assessment of human subsistence strategies from the Late Pleistocene to the 

Late Holocene in the Wallacean Islands. The human remains are dated to the Pleistocene, and their 

description underpins the discussion of the possible effect of island lifeways on human 

populations, as well as migratory routes and peopling dynamics in Wallacea during the Late 

Pleistocene. This concluding chapter summarises the results from the analyses and discusses the 

hypotheses proposed in chapters 4 to 7. The results from non-fish vertebrates are included in 

appendix B (Hawkins, et al., 2018). This chapter is divided into three sections, corresponding to 

the different aspects of the previous chapters: the analysis of zooarchaeological assemblage 

(chapters 4 and 5), methodological considerations for ichthyoarchaeology (chapter 5 and 6), and 

description of the human remains (chapter 7). As the zooarchaeological assemblages comprise 

the larger part of the material analysed and to avoid having to consult the results in previous 

chapters, the quantitative and taxonomic results are summarised in section 8.1. The following 

sections incorporate a discussion of each publication in relation to the research questions 

proposed in the first chapter of this thesis (section 1.3). The chapter concludes with a discussion 

of future directions in the analysis of the assemblage and other similar assemblages from the 

Lesser Sunda Islands. 

8.1. Zooarchaeological contributions 

8.1.1. Summary of results: Quantification and taxonomic composition  

The faunal assemblage from Test Pit B in Tron Bon Lei (Alor Island) produced a total of 49,984 

remains (NR), largely dominated by marine fish, and distributed unevenly throughout the 

sequence (table 8.1).  

Phase I, dated to the Late Holocene (ca. 3-5.4 ka cal BP) yielded few remains (NR=1,321), 

especially in the uppermost layers. The ichthyofauna in Phase I is dominated by nearshore fish 

families (table 8.2), including triggerfish (Balistidae), wrasses (Labridae), emperors (Letrinidae), 

groupers (Serranidae), parrotfish (Scaridae) and unicornfish (Acanthuridae). Needlefish 

(Belonidae) and trevallies (Carangidae) are represented by a few remains. Three individuals of 

cartilaginous fishes (Carcharhinidae) are also identified. The marine fauna is complemented by 

some remains of marine turtle (Chelonioidea). The percentage of terrestrial vertebrates ranges 

between 4.4 to 7.9% of the assemblage (excluding layer 1, which is excluded due to the low total 

number of remains). Aside from fish and turtles, the animals identified are blossom fruit bats 
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(Macroglossinae and Pteropodidae) and reptiles (Serpentes and Lacertilia). Fragments of long 

bones were assigned to unidentified medium/large mammal and small unidentified vertebrate 

bones. Layer 4 (ca. 3.5 ka cal BP) produced a single vertebra from a civet (Viverridae) (table 8.3). 

 

Table 8.2. Number of identifiable specimens (NISP) and minimum number of individuals (MNI) for each 
fish family identified in the four occupation phases documented in Tron Bon Lei 

 

 

Table 8.1. Total number of remains for every layer analysed in Tron Bon Lei. NR= Number of remains; NR 
fish= Number of fish remains identified, including those fragments identified only to anatomical level; NR 
tvertb =Number of terrestrial vertebrate remains identified; NISP fish= Number of fish remains identified 
to taxonomical and anatomical level; Unid = Number of unidentified remains 
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Phase II (ca. 7.2-8.3 ka cal BP) shows a significant increase in the quantity of fauna recovered 

(NR=19,843), with over 50% of the remains consisting of fish. Covering only a 1,000-year period, 

this phase contained more bones (per unit of time) than any of the other phases. Based on the 

MNI, the assemblage is dominated by Balistidae and Serranidae, followed by Lutjanidae 

(snappers), Holocentridae (soldierfish), Lethrinidae, Labridae and Scaridae (table 8.2). Four 

individuals of Belonidae were identified, with the same number of Acanthuridae, and two 

individuals of Diodontidae (porcupinefish) and Ostraciidae (boxfish) and Acanthuridae. Three 

individuals of Carangidae were identified, while Carcharhinidae yielded a high NISP (109). The 

non-fish vertebrates consist of small murids, fruit bats and microbats (Yangochiroptera), shrews 

(Crocidura), a canid incisor (likely to be a modern intrusion due to its differential preservation 

state), snakes, lizards and some birds, one identified as Passerine. A few marine turtle bones were 

also recorded (table 8.3). 

Phase III (ca. 9.5-12.5 ka cal BP) produced the largest number of remains overall (NR=21,994), 

with over 16,000 remains in layer 11 and fish bones representing over 50% of the assemblage 

(table 8.1). Although NISP and MNI values are greater than in the other phases it must also be 

noted that Phase III covers approximately 3,000 years of occupation. The fish assemblage in Phase 

Table 8.3. Number of identified specimens (NISP) of non-fish remains identified in Tron Bon Lei 
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III is dominated by Serranidae, Lutjanidae, Labridae, Lethrinidae and Balistidae (table 8.2). 

Nearshore families dominate the assemblage, while Carangidae are well represented with 17 

individuals identified and Scombridae (tunas) also occur. The families which show a decrease in 

representation compared to previous phases are Carcharhinidae, Belonidae and Ostraciidae. For 

non-fish vertebrates, there is a notable decrease in the number of Chiroptera remains identified, 

as well as one postcranial bone assigned to large murid, and some frog (Anura) remains (table 

8.3). 

In Phase IV (ca. 18.9-21 ka cal BP), layer 12 yielded the largest number of remains (NR= 6740; NR 

fish= 3805). The low number of remains from layer 13 is likely due to preservation, as the clasts 

in this depositional unit were encrusted in calcium carbonate that formed a cemented layer that 

continued to bedrock, with minimal loose sediment. This is likely the result of carbonate-enriched 

water moving over the impermeable bedrock, cementing the bone and other clasts. The effect of 

wetting and drying would likely have caused smaller bones to degrade. Additionally, the 

carbonate encrustation of bone in this layer made identifications more difficult. The fish 

assemblage in layer 12 is dominated by Serranidae, Labridae and Balistidae, with a few remains 

assigned to the rest of the families identified (table 8.2). Scombridae and Carcharhinidae are 

represented by a single bone each, while no remains have been identified from Belonidae and 

Ostraciidae. Snake and murids dominate the land-based vertebrates, the latter including the 

presence of large specimens. As in Phase III, Chiroptera representation is low compared to the 

Holocene Phases I and II. 

Estimations of fish size, based on linear measurements of vertebrae body width (chapters 4 and 

5), indicate that small fish are more abundant in every occupational phase, although larger 

individuals are proportionally better represented in the Late Pleistocene layers. Overall, bone 

fragmentation is high, as indicated by the large number of unidentifiable fragments. The densest 

parts of each element preserved better, as detailed in chapters 4 and 5.  

The description of the quantitative results and taxonomic composition from each occupational 

phase documented in Tron Bon Lei provides the basis for discussion of the subsistence strategies 

pursued at the site.  

8.1.2. Characterisation of AMH subsistence strategies during the Late Pleistocene and Holocene in 

Tron Bon Lei 

The zooarchaeological assemblage from Test Pit B indicates that during the four phases of 

occupation of Tron Bon Lei, protein acquisition was based largely on the exploitation of marine 

resources. Reef/nearshore families dominate the assemblage, although the presence of pelagic 

fish (i.e. Carangidae and Scombridae) is greater during the Late Pleistocene-Early Holocene. Small 
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individuals are more abundant in every layer, with larger individuals better represented during 

the Late Pleistocene.  

The contribution of terrestrial and land-based vertebrates to the assemblage is low throughout, 

with percentages under 5% (except for layer 1, due to the few remains recovered in total). The 

majority of the non-marine small vertebrates are likely the result of avian predation, while 

humans could be responsible for the accumulation of large fruit bats and giant murids, as detailed 

in appendix B (Hawkins et al., 2018: 150).  

The results from Tron Bon Lei demonstrate the intensive exploitation of marine resources by AMH 

before the Holocene, building on evidence recovered from other Wallacean Islands (Ono et al., 

2009; O’Connor et al., 2011). These results contribute to the evaluation of AMH capacities and 

skills following migration to these insular environments. Based on this analysis, the inhabitants 

of Tron Bon Lei had the skills necessary to survive during periods of climatic and environmental 

change. Humans adopted a subsistence strategy focused on the exploitation of marine resources, 

an adaptation necessary to survive in environments where other animal resources were limited. 

The addition of non-animal resources would have complemented human subsistence, although 

the lack of comparative reference material for wood charcoal and macrobotanic identification, 

and the poor preservation of pollen, has hampered attempts to investigate the use of plant 

resources in Tron Bon Lei. 

The variations observed in the taxonomic composition of marine and land-based fauna, as well as 

shifts in the intensity of resource exploitation throughout the deposit, are likely to be related to 

environmental and sea level changes, rather than changes in technology or subsistence choices. 

To test this hypothesis, occupation dynamics in Tron Bon Lei in relation to sea level and marine 

habitats are discussed in the following section. 

8.1.3. Interpretation of human adaptation, occupation dynamics and environmental interactions 

in Alor and the Lesser Sunda Islands 

The earliest occupation in Tron Bon Lei (ca. 21-19 ka cal BP ) corresponds to the height of the LGM 

when sea level was close to its lowest point, after which time sea level began to rise globally as a 

result of the onset of deglaciation (Lambeck et al., 2014). During this time of lowered sea levels, 

Alor was also connected to Pantar and the small islands Pura, Marisa, Rusa, Ternate, and Treweng. 

The greater areal extent of islands and narrower water crossings between them at this time may 

have increased inter-island visibility and promoted voyaging through the Lesser Sundas. The 

assemblages in Phase IV (ca. 21-19ka cal BP) demonstrate that, while the northward movement 

of the monsoon may have caused drier conditions altering the composition of flora and fauna in 

the islands, the Wallacean Islands were inhabited during the LGM (O’Connor et al., 2010).  



147 
 

During the final occupation in Phase IV (layer 12) the marine fauna indicates that marine 

environments were regularly exploited, and there is no indication that abandonment of the site 

was prompted by resource depletion. It is possible that the site’s occupants simply relocated 

closer to the Pleistocene coastline at this time. The coastal profile near Tron Bon Lei is very steep, 

dropping 130 m in depth within 1.5 km of the current coastline (Smith and Sandwell, 1997). If the 

fauna recovered in Tron Bon Lei provides an accurate reflection of Alor Pleistocene diet, then 

groups may have opted to occupy open areas and shelters closer and more accessible to their 

prime resource zone: the coast.  

From 18 to 17 ka BP, sea level is rising however Tron Bon Lei shows no evidence that it was used 

as a living site at this time. Nor was it occupied between 16 and 15 ka, when sea level rise slowed, 

and relatively stable coastal conditions would have prevailed. However, OSL dates of 17.3±0.9ka 

(see chapter 7 for further explanation of the OSL dating procedures) obtained for one of the 

human crania recovered in Test Pit C (TLC-1) indicate that people did visit the shelter at this time. 

The ridgeline in which the Tron Bon Lei shelters are formed would have been a relatively steep 

climb for people dwelling on the coast and may have been visited only for special purposes, such 

as burial. Aside from the burial, the shelter seems to be unvisited for almost 5,000 years.   

About 12,500 years ago Tron Bon Lei shelter is reoccupied. The large number of remains in Phase 

III dated to the terminal Pleistocene-Early Holocene (ca.12.5-9.5 ka cal BP) suggest regular use of 

the coast by people living at the shelter during the Pleistocene-Holocene transition. This 

corresponds with an increase in the number of archaeological sites dated within this time bracket 

in ISEA and Sunda (Rabett, 2012; Pawlik et al., 2014b; Amano et al., 2016a). At the time of 

reoccupation at ca. 12.5 ka, sea level was about 50 m below present, coinciding with a period of 

relative sea level stability, followed by rapid rise from ca.11 ka to 25 m below present by 9.5 ka 

cal BP. The decreased distance to the coastal zone may have made the site a suitable base camp 

from which to exploit the coast at this time.   

After 8.2 ka BP, a decrease in the rate of sea level rise is documented (Lambeck et al., 2014), which 

coincides with the Middle Holocene phase, Phase II (ca. 8.3-7.2 cal BP). During this phase sea level 

would have reached its present position and coastal habitats would have stabilised. It is therefore 

not surprising that this is the phase of occupation at Tron Bon Lei that records the proportionally 

largest quantity of marine fauna. The development of stable reefs at this time is also supported by 

the higher percentage of reef fish in the assemblage. 

There are no dates indicating use of any of the Tron Bon Lei shelters in the ~2,000 years between 

7.2 ka to 5.4 ka, although this may be simply a reflection of limited sampling. In the final phase of 

site use at Tron Bon Lei (Phase I, ca. 3-5.4 ka cal BP), the site appears to have been less intensively 

used. This phase correlates with the Late Holocene and the beginning of the ISEA Neolithic at ca. 
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3,500 (O’Connor, 2015). It is likely that the shelters were used more ephemerally, after this time, 

with regular occupations focussed on open air village settlements.  

8.2. Comparison of occupation patterning at Tron Bon Lei with other sites in the Lesser 

Sunda Islands 

The pattern of discontinuous occupation seen at Tron Bon Lei has parallels with other 

archaeological sequences in the Wallacean islands. For example, Leang Sarru in the Talaud-

Sangihe Archipelago (Tanudirjo, 2001; Ono et al., 2009) has sparse evidence for initial use 

between ca. 35-32 ka and later, between 22-17 ka, when more intense occupation is documented. 

After this time, the site was unoccupied until between 10-8 ka (Tanudirjo, 2001; Ono et al., 2009; 

O’Connor et al., 2017b). Some hypotheses have been put forward to explain the occupation 

patterns in Leang Sarru: an initial occupation as a result of short opportunistic visits or a single 

settlement that was unsuccessful, and thereafter, the island remained unoccupied until 22 ka, 

when lower sea levels increased the size of the island significantly simultaneously producing 

greater inter-island visibility and thus ease of voyaging and a larger land area for exploitation by 

the settlers (O’Connor et al., 2017b). Unlike Tron Bon Lei, Leang Sarru contains only shellfish and 

the lack of vertebrate fauna makes it difficult to test these hypotheses.  

Similar hypotheses could be applied to Tron Bon Lei, where the initial occupation may have been 

the result of an exploratory settlement when the island was at its maximum extension. However, 

occupational gaps in the sequence may also be merely apparent; an effect of small sample size, as 

to date, Tron Bon Lei is the only archaeological deposit fully analysed and reported from the 

island. Moreover, the assemblage analysed in this thesis derives from only a 1x1 m excavation 

area. While the faunal material from the other two test pits excavated in the west facing rock 

shelter (Test Pits A and C) are exceedingly sparse, the OSL dates obtained indicates that the site 

was occasionally used until ca. 17 ka BP, even if just for burial. Further exploration and the 

analysis of other archaeological assemblages from Alor will help to clarify the results from Tron 

Bon Lei. 

The changes in sea level that occurred over the duration of site use at Tron Bon Lei would have 

affected fish habitat and consequently, the resources available for exploitation. Coastal profile, in 

conjunction with sea level changes, and shifts in sea surface temperature would likely have 

changed fish families’ representation or abundance in the different occupational phases (Samper 

Carro, et al., 2017; 2018). For instance, the larger numbers of pelagic fish during the LGM and 

terminal Pleistocene could be the result of lower sea levels. The steep drop-off in the coastal 

profile near Tron Bon Lei would favour the presence of pelagic fish closer to the coastline, making 

them more accessible for Tron Bon Lei inhabitants, provided the technology was available for 
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their capture. Likewise, the higher percentages of reef fish during the Holocene is likely a direct 

reflection of nearshore reef formation and stabilisation. 

A similar correlation among coastal profile morphology, sea level changes and variation in fishing 

strategies has been proposed for Jerimalai (Timor-Leste) and Here Sorot Entapa (Kisar), where 

some of the occupation phases documented overlap with the periods of use of Tron Bon Lei. 

Jerimalai has an initial signal of human occupation from ca. 42-38 ka cal BP and then no evidence 

for site use until between ca.17 and 9 ka cal BP (Phase II), with a successive phase of Holocene 

occupation documented from 6.5 ka cal BP until modern times (O’Connor, 2007). As shown by 

more extensive inter site test pitting at the nearby cave, Lene Hara (O’Connor et al., 2010), the 

occupational gaps in the Jerimalai sequence are likely to be the result of inadequate sampling.  

Many cave and shelter sites in the tropics are subject to erosional processes which result in 

deposits being gutted and filled over time, and such processes may not impact the floor surface 

evenly. Extensive inter-site sampling and geoarchaeological research is required to determine the 

impact of erosion processes on cave deposits prior to interpreting gaps in deposits as human 

abandonment (O’Connor et al., 2017a). Hence, the occupational gaps in Jerimalai could be the 

result of limited sampling. 

Here Sorot Entapa (HSE) in Kisar was first occupied ca.15.5 ka cal BP, although the shelter would 

have been available for habitation from ca. 45 ka cal BP (O’Connor et al., 2018). The peak in 

occupation intensity dates to about 13.5 ka cal BP. HSE appears to have been abandoned at ca. 9.5 

ka with no evidence for site use following until the Middle Holocene. Due to the tiny size of Kisar 

island, O’Connor et al. (2018) argued that sustaining a permanent population would have been 

precarious. Two scenarios were proposed to explain site abandonment at HSE, based on 

demographic factors (O’Connor et al., 2018). A population increase would put strain on the sparse 

available resources and freshwater may have been exhausted, resulting in a potential relocation. 

Conversely, if the population remained low, any factor which could unbalance the demographic 

profile would result in the extinction of the population. While the size of Kisar makes this scenario 

more plausible than it would for Alor, the parallels in the periods of occupation and hiatus at both 

sites are noteworthy. 

Regarding human movements among the Lesser Sunda Islands, some results on the analysis of 

stone artefacts have provided clues to assess human translocations. The geochemical analysis of 

obsidian artefacts from Tron Bon Lei revealed that one of the sources of some of these artefacts, 

also used for artefacts in Timor, has its origin in another island of the Sunda Chain (Reepmeyer et 

al., 2011, 2016). These artefacts appear in the Tron Bon Lei sequence from ca. 12 ka cal BP, 

suggesting maritime interactions among the Lesser Sunda Islands from at least the terminal 

Pleistocene (Reepmeyer et al., 2016). The intensity of these interactions varies throughout the 
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sequence, which can also be reflected in the changes in occupation intensity documented in the 

different layers. The evidence for maritime interactions could support the hypothesis of inter-

islands movement and population relocation as one of the reasons behind the occupational gaps 

in Tron Bon Lei. 

Regardless, the effect environmental changes had on the resources of Alor pre- and post-LGM 

cannot be ignored. These changes could also be responsible for the shifts in the taxonomic 

composition of the land-based vertebrate assemblage. Two aspects are highlighted: the presence 

of giant murids limited to the Pleistocene layers and the low number of Chiroptera in the earlier 

phases.  

The giant rat species (Alormys aplini), endemic to Alor and recently described based on cranial 

remains, appears to become extinct during the Late Holocene (Louys et al., 2018). In Tron Bon Lei, 

large and giant murids were documented in Phase II and IV, dated to the Late Pleistocene-Early 

Holocene. The identification of giant and large murids at Tron Bon Lei is based on postcranial 

material and thus it is not possible to be certain if it is Alormys aplini that is represented. The 

absence of larger murids in later occupational phases could be the result of vegetation disturbance 

in the immediate site landscape following more regular and intensive occupation in the Early 

Holocene. However, the survival of at least one giant rat in other locations in Alor through to the 

Late Holocene suggests that its absence at TBL in the Early Holocene layers may simply be a small 

sample size effect. 

Fruit bats and microbats were identified in the Tron Bon Lei sequence from the Middle Holocene, 

while their presence during the Pleistocene-Early Holocene is scarce. As suggested for the murids, 

these changes in their representation may be the result of shifts in vegetation in the immediate 

surrounds. This could be tested in future excavations and analyses if environmental proxy data is 

collected. 

8.1.4. Comparison with ichthyoarchaeological assemblage from neighbouring islands 

To test the effect of environmental conditions on the shifts observed in the taxonomic composition 

of the fish assemblage, the results from Tron Bon Lei are compared to results from nearby sites. 

The only archaeological sites from the Lesser Sunda Islands in which assemblages are dominated 

by fish remains, with their results available and which occupational phases coincide with those 

documented in Tron Bon Lei, are Here Sorot Entapa in Kisar and Jerimalai in Timor-Leste. The 

number of elements identified for each fish family (NISP) have been compared to the results 

obtained from these two sites, with only the families identified in the three assemblages included 

in the comparison. 
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Island proximity suggest that these islands would have been affected by similar environmental 

conditions and sea level changes. Likewise, the coastal profile in Kisar and the north coast of Timor 

share a nearshore offshore profile which drops away steeply, within a kilometre of the current 

coastline. Hence, if the subsistence practices adopted are similar in each site, the hypotheses 

raised to explain the taxonomic composition of the fish assemblage from Alor should be valid to 

interpret the assemblages from Here Sorot Entapa and Jerimalai. 

The comparison between the percentage of NISP values for the Late Pleistocene-Early Holocene 

phases in each site shows that the values obtained for the different families in Here Sorot Entapa 

and Tron Bon Lei are similar (figure 8.2). On the contrary, the percentage of offshore fish, 

especially Scombridae, in Jerimalai is remarkably higher than in any of the other two sites. This 

indicates the inhabitants of Jerimalai focused their fishing practices in the capture of likely open-

water individuals. It would also suggest that the environments surrounding Jerimalai would be 

different to those around Alor and Kisar, where marine habitats and consequently, fish availability 

would be similar in these islands. 

The Late Holocene values show much divergence among sites (figure 8.3). Although the 

percentages for Scombridae in Jerimalai remain higher, the values for Tron Bon Lei and Here Sorot 

Entapa are not as similar as in the earlier phase, with Tron Bon Lei producing larger percentages 

for Belonidae, Labridae and Lethrinidae and especially Carcharhinidae. These increases in 

abundances could be related to the higher sea level and the stabilisation of the coral reefs before 

this period, which would also increase nearshore fish taxonomic diversity. The marine habitats 

 

Figure 8.1. Percentage of number of identified specimens (%NISP) for the fish families identified in the 
Late Pleistocene-Early Holocene phases from Tron Bon Lei (TBL), Jerimalai and Here Sorot Entapa 
(HSE). Dates are calibrated BP 
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around Jerimalai, especially the deep channel offshore from the site, would have not be affected 

by those changes. 

A Spearman correlation analysis was conducted to evaluate the correlation observed between the 

representation of fish families from each site. A significant positive correlation was observed 

between Phase III (9.5-12.5 ka cal BP) from Tron Bon Lei and Phase I (9-15.5 ka cal BP) from Here 

Sorot Entapa (r=0.57, p= .032). The correlation coefficient (r) indicates a large effect size, meaning 

that as the number of specimens in each family increases in Tron Bon Lei Phase III, a correlated 

increase is observed in Here Sorot Entapa Phase I. The rest of correlations tested produced non-

significant correlations (table 8.4).  

Based on these results, the differences observed in the taxonomic composition are correlated 

exclusively for the Late Pleistocene-Early Holocene phases from Tron Bon Lei and Here Sorot 

Entapa. This could be explained in terms of sea level and structure of the fish communities in the 

marine environments. The south coast of Alor and Kisar present similitudes in terms of coastal 

Table 8.4. Matrix with the Spearman rank coefficients (rs) between all pairs of columns. Correlation 
values (rs) in the lower triangle of the matrix and two-tailed probabilities (p) in the upper triangle. TBL: 
Tron Bon Lei; HSE: Here Sorot Entapa. Dates are calibrated BP 

 

 

Figure 8.2. Percentage of number of identified specimens (%NISP) for the fish families identified in the 
Late Holocene phases from Tron Bon Lei (TBL), Jerimalai and Here Sorot Entapa (HSE). Dates are 
calibrated BP 
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profile and closer distance to other larger landmasses, while the east coast of Timor in the vicinity 

of Jerimalai has greater potential for offshore fishing, with a deep channel immediately offshore 

and opening to the Timor Sea. Hence, the fishing practices of the inhabitants of Kisar and Alor 

during the Late Pleistocene and Early Holocene may be similar in terms of targeted species and 

capture methods, while differing from the strategies adopted by the Jerimalai inhabitants. During 

the Late Holocene, the stabilisation of the marine ecosystems and potential variations in currents 

or coastal dynamics may have resulted in a greater diversity in the fish available for the 

populations in each island, resulting in dissimilar assemblages. 

The results from the analysis of fish assemblages from these three sites illustrate the flexibility 

and diversity of human subsistence from the Late Pleistocene to the Holocene in the Wallacean 

Islands. Although based exclusively on the data from three assemblages, it suggests that the 

results from Tron Bon Lei, Here Sorot Entapa and Jerimalai support the hypothesis that human 

populations inhabiting the Wallacean Islands during the Late Pleistocene had the skills and 

abilities required to sustain populations in environments where the land-based fauna is limited.  

Even though in other sites from Sundaland (e.g. Philippines, Java and Borneo) AMH subsistence 

was mainly based on the exploitation of terrestrial vertebrates from diverse habitats, the 

migration and survival of populations into Wallacea would have not been possible if human were 

not able to adapt their strategies to the intense exploitation of the rich marine resources available 

in these islands. These inferences require testing through the application of similar methodologies 

for the analysis of ichthyoarchaeological assemblages from a range of sites in the Indo-Pacific 

region. 

8.3. Methodological and taphonomic contributions 

The results described in chapter 5 demonstrate how differences in the methodology applied in 

the analysis can have profound effects on interpretations about human behaviour and diet. This 

thesis contributes to the literature on zooarchaeological methodology, by providing new 

considerations for the analysis of ichthyoarchaeological assemblages from the Lesser Sunda 

Islands and the Indo-Pacific region more widely.  

In terms of taphonomic indicators, the thesis has attempted to analyse fish assemblages assessing 

similar taphonomic aspects to those addressed in the study of large vertebrates. The under or 

overrepresentation of cranial and postcranial elements in an icthyoarchaeological assemblage can 

provide data to assess human fish processing techniques or site function. In the case of Tron Bon 

Lei, no inferences have been made based on these concepts, as the differences in skeletal part 

representation based on vertebral elements related to fish size were not significant (chapter 4) 

and the postcranial/cranial ratios could not be examined in derived quantitative units (chapter 
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5). However, the quantification of every postcranial and cranial element in the assemblage has 

permitted discussion of fragmentation rates, and differences in the calculation of the number of 

individuals based on vertebral and cranial elements (chapter 5).  

Due to the large number of vertebral remains in the Tron Bon Lei assemblage, and the difficulties 

in identifying these elements to taxa (detailed in chapter 5), alternative methods were developed 

to enable their inclusion in the analysis. First, vertebra width has been used to estimate prey size 

(chapter 4 and 5). Second, vertebrae shape has been analysed using geometric morphometric 

methods (GMM) to assess how variations in shape can inform on fish habitat and consequently, 

on human fishing strategies.  

In previous studies from the Indo-Pacific, one of the methods applied to identify human fishing 

strategies used the ratio of carnivore to herbivore/omnivore fish families. Fish feeding behaviour 

and therefore, relative mobility of food source has been used in the analysis of some Lapita 

assemblages to characterise technological requirements for fish capture, based on 

ethnographically recorded capture methods (Butler, 1994). The correspondence between feeding 

behaviour and capture technique posits that carnivore/fast moving fish families would be 

captured by hook and line or trolling lure, reserving the use of nets for slow moving 

herbivore/omnivores families (Butler, 1994). These observations have been further reviewed in 

the context of ethnographic data on contemporary fishing to include other factors that determine 

the selection of capture methods, such as fish size, lunar and seasonal cycles, and organisation of 

labour (Ono, 2010).  

The largest number of individuals from Tron Bon Lei correspond to small sized fish from 

reef/nearshore carnivore and herbivore/omnivore families, which would suggest that netting, 

trapping and angling would be the common fishing techniques used. The presence of shell fish-

hooks associated with the burial in Test Pit B would support the important role played by this 

equipment, as well as demonstrating that the Tron Bon Lei occupants possessed the crafting skills 

to produce hooks (appendix D; O’Connor et al., 2017c). However, the hooks associated with the 

burial in Test Pit B were the only examples recovered in the entire excavation. Further, the 

complete hooks from the burial were all rotating hooks; appropriate for fishing larger fish, in 

windy conditions or where other factors such as coral prevent the effective operation of jabbing 

hooks (appendix D, O’Connor, et al., 2017c: 1462-1464). The small to medium fish that dominate 

the Tron Bon Lei assemblage would more likely have been caught using small jabbing hooks, traps 

or nets.  No artefacts related to the use or manufacture of nets or traps have thus far been 

identified at TBL, and only one partial hook found with the burial has tentatively been identified 

as a jabbing hook. Thus, the few items of fishing technology at Tron Bon Lei give little indication 
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of the range of fish habitats that were exploited or the full spectrum of technology that would have 

been required for the capture of fish at the site through time.  

The identification of capture methods is also often based on taxonomic identification of fish to 

family. However, this rests on the assumption that habitat and behaviour are similar for every 

species in a given family, whereas these can vary considerably, even within the same family. 

Considering fish size provides complementary information to refine the assessment of capture 

methods, and habitats amenable to exploitation using particular types of technology, but 

uncertainties remain about the accuracy of these correlations. 

As an alternative, this thesis includes the development of a complementary method to identify fish 

habitat and consequently, human fishing practices. The results obtained from the application of 

GMM in the analysis of fish vertebral shape corroborates the observations made based on the 

taxonomic identification of cranial remains and a few vertebrae through traditional methods: the 

inhabitants of Tron Bon Lei targeted mainly nearshore fish, although pelagic fishing was 

conducted more frequently during the Pleistocene. 

The database generated, including the modern comparative material and the archaeological 

remains from Tron Bon Lei, is currently shared in the ANU Data Commons open access repository 

(https://doi.org/10.25911/5c7c8c5c6d770), allowing researchers to compare material from 

other sites in the Indo-Pacific with the Alor specimens. Future additions to the database will 

increase the model’s accuracy and build up a global dataset to interpret human fishing methods 

in the Indo-Pacific through the application of GMM. 

8.3. Conclusions from the human remains from Tron Bon Lei 

Although the zooarchaeological assemblages from Tron Bon Lei postdate the earliest evidence of 

human arrival in the Wallacean Islands, the human remains recovered in Alor are relevant in the 

discussion about migratory routes and peopling of these islands from the Late Pleistocene to the 

Middle Holocene. The cranial remains described in this thesis are, to date, the earliest AMH fossils 

documented in the Lesser Sunda Islands, with the individual from Test Pit B dated to c. 13-12ka 

cal BP (C14 and U-series) and the most complete cranium from Test Pit C dated to around 17.3 ka 

(OSL) with a minimum age of 7.7 ka (U-series) (see chapter 7). Additionally, the association of the 

human remains with a rich zooarchaeological assemblage complements the data obtained from 

the craniometric comparison.  

8.3.1. Bioskeletal profile 

As described in chapter 7, several human remains were documented in two of the test pits 

excavated in Tron Bon Lei. The individual from Test Pit B (TLB) was interred with five fish-hooks 

and a perforated bivalve, which constitute some of the earliest known grave goods in Southeast 

https://doi.org/10.25911/5c7c8c5c6d770
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Asia (appendix D; O’Connor, et al., 2017c). Ochre covered cobbles were also placed over the burial. 

Based on the traits observed in the cranium from Test Pit B, this individual has been identified as 

likely female, although this assessment is preliminary until the postcranial remains are assessed. 

Based on cranial suture closure, dental eruption and mandibular dental attrition, the age at death 

was estimated at ca. 45-55 years. The most complete individual from Test Pit C (TLC-1) has been 

assessed as a likely male, with an age at death of around 45-55 years.  

The presence of fish-hooks as grave goods associated with the individual from Test Pit B 

demonstrates complex burial practices, in which fishing artefacts would have played an important 

role. The presence of this fishing equipment in a funerary context supports the strong relationship 

the inhabitants of Tron Bon Lei had with the exploitation of marine resources, as supported by 

the large number of fish bones. If the sex assessment of this individual is confirmed, 

interpretations about division of labour can be made, and the role played by women in hook-and-

line fishing, as identified in Australia, could be fully evaluated (Attenbrow, 2010). 

Another interesting fact is the age at death of the individuals, with both of them being identified 

as adults of advanced age, based on paleodemographic patterns (Trinkaus, 2011). This age 

estimation is similar to the results obtained from Deep Skull in Niah Cave (Curnoe et al., 2016), 

suggesting these individuals survived until later in life than would be expected in cases of extreme 

resource depletion. Nevertheless, both Tron Bon Lei and Niah Cave age estimations are based 

exclusively on fragmentary cranial remains and dentition, and as such, should be cautiously 

considered. Future analysis of dental wear, pathologies and palaeohealth could provide further 

insights into the living conditions of these individuals. 

8.3.2. Craniometric comparisons 

The main craniometric values calculated for the remains from Tron Bon Lei comprised 

measurements focused on the length and width of the complete cranium and of other cranial 

features (table 3 in chapter 7). The results obtained from both TLB and TLC-1 indicate that the 

Tron Bon Lei specimens are smaller and narrower than Pleistocene and Holocene individuals 

from Sunda and Sahul, although showing similarities with the Holocene individuals from Flores 

and Sumba. Regarding the comparison with modern specimens from ISEA, China, Japan, Australia 

and Papua New Guinea, the Tron Bon Lei individuals cluster with examples from different regions: 

TLC-1 measurements show similarities with Papua New Guinea crania, while TLB measurements 

are close to the values for female Japanese crania.  

The small and narrow crania recorded in the individuals from Alor distinguish them from any 

other Pleistocene remains, with size similarities only documented in the Holocene AMH from the 

Lesser Sunda Islands. The small size of the Flores individuals was already pointed out by van der 
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Plas (2007) who proposed the presence of a population in the Wallacean Islands during the 

Holocene with cranial features that are distinctive from the Sunda and Sahul type described by 

Storm (1995). The Tron Bon Lei individuals may be part of that distinctive population, whose size 

reduction can be linked to selection pressures that could be the result of dietary restrictions from 

island living, as suggested for Rampasasa ‘pygmies’ from highland Flores (Tucci et al., 2018). Even 

though these assumptions are only based on measurements from fragmentary remains, the 

similarities between the individuals from both islands are remarkable.  

8.3.3. Insights on migratory routes and the peopling of the Wallacean Islands 

The individuals from Tron Bon Lei provide palaeoanthropological evidence to discuss the 

migratory and evolutionary models proposed for ISEA. In general, two main routes have been 

proposed for the migrations from Sunda to Sahul through the Wallacean Islands: a northern route 

through Borneo and Sulawesi to Misool in northwest Papua and a southern route through Java, 

Flores and Timor to northwest Australia (Birdsell, 1977). Recent research has tested the potential 

for each of these routes through geographic modelling, considering factors such as island uplift, 

inter-island visibility, palaeocurrents and bathymetry in the assessment of potential pathways 

(Kealy et al., 2016, 2017, 2018; Norman et al., 2018). The remains from Tron Bon Lei permit to 

assess the viability of a southern route from mainland Southeast Asia to the Wallacean Islands.  

Although the remains from Alor are thousands of years younger than the first colonisation of the 

Wallacean Islands and Sahul, their chronology and distinctive features suggest the potential 

presence of a secondary pathway through Wallacea, where distinct populations were inhabiting, 

and phenotypic variations could have happened. The limitation of nutritional resources and the 

isolation of these populations could have led to a reduction in body size, a phenomenon related to 

island dwarfing and observed in a variety of animal species and the modern ‘pygmy’ populations 

from Flores (van den Bergh, 1999; van der Geer et al., 2011; Louys et al., 2016; Tucci et al., 2018). 

Nevertheless, marine resources were abundant, and no evidences of resource depletion have been 

identified in the assemblage, therefore, the reduction in size may be due to other causes, such as 

genetic isolation, environmental adaptations to harsh ecological conditions, and ecological release 

from predator or competitors (e.g. Lomolino et al., 2013). A unusually small mandible dated to the 

Late Pleistocene has been recently reported from Niah Cave (Curnoe et al., 2018), however the 

authors do not discuss potential causes for its small dimensions. Future analysis of the human 

remains from Alor will test these hypotheses through further comparison with individuals from 

Sunda and Sahul, to corroborate if the distinction among populations remains significant. 

The craniometrics from TLB and TLC-1 suggest population continuity in the Lesser Sunda Islands 

from the Late Pleistocene through to the Late Holocene, supporting the hypothesis than the Lesser 

Sundas show different dispersal patterns than those documented in the islands to the north and 
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west. In Sulawesi, the Philippines and the Sunda shelfs islands, the spread of Austronesian 

languages and the presence of a rich ‘Neolithic’ material culture (pottery and polished stone 

artefacts) from 4-2ka indicate a stronger Austronesian imprint. Conversely, in the Lesser Sunda 

Islands both Austronesian and non-Austronesian languages are spoken, while the oldest 

‘Neolithic’ material culture dates within the last 2ka (Bellwood et al., 1998; O’Connor, 2015; 

Bellwood, 2017). The small and narrow crania from Tron Bon Lei, similar to the specimens from 

Flores (dated to the Holocene) and Sumba (Late Holocene) and different to the crania from the 

Sunda shelf islands, would corroborate the differentiation of the Lesser Sunda Islands 

populations, while providing further evidence of the several dispersals that contributed to the 

peopling of Southeast Asia. 

The description and analysis of the faunal and human remains From Tron Bon Lei provides 

insights to understand the peopling of Wallacean Islands during the Late Pleistocene, 

corroborating the presence of occupation in these islands during the LGM and demonstrating the 

complex technologies and flexible subsistence strategies adopted by the inhabitant of Alor from 

ca.21 ka years ago and similarities in the subsistence and general lifeways to island populations 

on neighbouring Timor and Kisar. 

8.4. Future directions 

Some of the hypotheses raised in this thesis will need to be tested by future research. In 2017, a 

larger test pit was excavated in Tron Bon Lei, expanding the Test Pit B dug in 2014. These new 

excavations produced a larger fish assemblage, more cultural material and recovered the rest of 

the human remains left in situ due to time constraints in the previous excavation. The addition of 

more faunal and human material to the results here described will permit us to test the 

conclusions reached in this thesis, by increasing the sample size and addressing a broader range 

of research questions. 

Additionally, further analysis in the material already described in this thesis could be conducted. 

The application of GMM to archaeological material was tested in a small part of the assemblage. 

This methodology can be applied to the rest of the vertebrae from Tron Bon Lei, as well as the fish 

vertebrae from Jerimalai. Second, this thesis includes the description of part of the human remains 

documented. Additionally, dental attrition and palaeopathologies can also be further investigated, 

and the analysis of the postcranial from TLB and additional remains from the 2017 excavation will 

provide further insights into the phenotype of the individuals from Tron Bon Lei. To date, the 

aDNA sampling conducted in the TLB and TLC-1 remains have been unsuccessful. Future genetic 

and isotopes sampling might be able to address the palaeogenetics and origins of the Tron Bon 

Lei individuals. Furthermore, complementary sediment analysis and the potential recovery of 

micro and macrobotanical remains would contribute paleoenvironmental reconstructions 
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covering the period of occupation of Tron Bon Lei and perhaps some understanding of the edible 

plant resources available to the inhabitants. 

From a more general point of view, further excavations in Alor and neighbouring islands will 

contribute to the reconstruction of subsistence strategies and occupation dynamics in Wallacea 

during the chronological period covered in this thesis. At the same time, the zooarchaeological 

and taphonomical analysis of already excavated assemblages will provide more data to address 

human adaptation in the Wallacean Islands and to understand human lifeways and past 

behaviour. 
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• Appendix C: Hominid dispersal and settlement East of Huxley’s line. The role of sea level 

changes, island size and subsistence behaviour 

• Appendix D: Fishing in life and death: Pleistocene fish-hooks from a burial context on Alor 
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