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Following the fish? Using ichthyoarchaeology 
to study the tempo and geography of human 
dispersals through Island Southeast Asia

Clara Boulanger, Ceri Shipton and Rhiannon Stevens

Abstract

Around 50,000 years ago, Homo sapiens’ dispersal to Australia marked the earliest period 
of human maritime adaptation. Two models of migration routes through Island Southeast 
Asia and the Wallacean Archipelago are proposed – a northern one and a southern one. 
However, the timing and location of these migrations remains disputed. Recent studies 
demonstrated the presence of populations with a strong maritime culture in southern 
Wallacea from around 40,000 years ago, while coastal adaptation in the north remains 
largely unstudied. This research project, hosted at the UCL Institute of Archaeology and 
in collaboration with UK, Australian and local institutions, aims to understand human 
reliance in marine environments using samples from recently excavated archaeological 
sites located on the northern route. Using comparative anatomy, biomolecular techniques 
such as ZooMS as well as stable isotope analysis, it seeks insights into subsistence 
strategies and seafaring technologies, establishing a novel framework for understanding 
our species’ adaptation and dispersal for early seafarers across challenging regions of 
the planet.

Keywords: Homo sapiens’ dispersal; Island Southeast Asia; Wallacea; maritime adaptation; 
ichthyoarchaeology; ZooMS; stable isotope analysis; subsistence strategies; seafaring 
technologies; coastal archaeology

Introduction

The discovery of new environments by humans has always been one of the driving 
forces behind technical and cultural innovations. On the scale of hominin evolution, 
the appropriation of the sea certainly constituted one of the major advances in terms of 
discovery of new ecosystems. The state of our knowledge demonstrates that humans’ 
relationship to the sea underwent a fundamental paradigm shift with our species, Homo 
sapiens, and its arrival in the Indo-Pacific region of seas punctuated by islands. Here, 
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through maritime adaptation, we can discern the origins of some specific inventions 
associated with what is called – although debated – modernity.

By at least 50,000 bp, Homo sapiens’ dispersal from Asia to Australia involved the 
first known significant period of human maritime adaptation, which would have required 
substantial open water crossing via the insular Wallacean archipelago (Clarkson et al. 
2017). Wallacea, encompassing the Lesser Sunda Islands (Lombok, Sumbawa, Timor, 
Sumba, Flores, Alor, Wetar) in the south, as well as Maluku, Halmahera and Sulawesi 
in the north, has never been connected to a continent through a land bridge, even 
during periods of considerable climate-driven sea-level reduction in the Late Pleistocene 
(Figure  1). Compared to the larger land masses of Sunda and Sahul, the limited size 
and isolation of the Wallacean islands resulted in relatively depauperate terrestrial 
ecosystems, giving primacy to the role of marine resources. However, the route through 
this Wallacean seascape and the adaptations required for successful onward migration 
remain disputed. A current British Academy post-doctoral fellowship (held by Clara 
Boulanger) aims to understand human reliance on marine environments in the northern 
Wallacean islands and north coast of New Guinea. It will attempt to establish a novel 
framework for understanding our species’ adaptation and dispersal, thanks to a unique 
multidisciplinary study using fossil fish remains.

Theoretical approaches to the peopling of Sahul

Since the 1960s, zoologists and archaeologists have been working to comprehend the 
dispersal of Homo sapiens from continental Asia through Wallacea to Sahul by constructing 
various theoretical models of migration routes. Birdsell’s (1977) model favoured two 
routes: a northern route from Borneo to north-west Papua and a southern route leading 
from Bali to north-west Australia (Figure 1). Guided by the principle of parsimony, the 
selection of these routes considered factors such as distance, visibility between islands, 
bathymetric data and sea-level variations. Kealy et al. (2018) devised a series of spatial 
variables, including bathymetric data, water-crossing distances, intervisibility between 
islands, topographical steepness, palaeo-currents, winds and access to necessary 
resources. They also emphasised the significance of submerged islands that would 
have been exposed during low sea-level periods. By comparing this data with current 
archaeological records, they constructed a least-cost pathway model of Homo sapiens’ 
dispersal through the Wallacean archipelago. This research identified the most probable 
route taken by humans to reach Sahul: a northern route from Sulawesi to New Guinea’s 
Bird’s Head Peninsula (Kealy et al. 2018). Similarly, Bird et al. (2019), incorporating 
demographic models, concluded that Homo sapiens reached Sahul using multiple short 
maritime crossings through Wallacea, indicating that the northern route demanded less 
effort and time, making it more likely for successful colonisation of Sahul by a viable 
population. Conversely, employing visual connectivity network analyses, agent-based 
simulations and ocean current flow modelling, Norman et al. (2018) concluded that the 
southern pathway was statistically the more likely favoured route. As a result, the timing, 
location and details of these migrations continue to be the subjects of debate within the 
scholarly community.
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Using ichthyoarchaeology to study the tempo and geography of 
human dispersals in Island Southeast Asia

In the southern region of Wallacea, restricted access to terrestrial resources on small 
islands has been argued to have fostered the development of subsistence strategies 
centred on the acquisition of aquatic resources at numerous coastal sites (Figure 1). 
Concomitantly, aquatic resources are a more transferable subsistence base between 
islands than terrestrial resources, so they permit rapid colonisation of multiple islands 
(Boulanger et al. 2023; Kealy et al. 2018; Shipton et al. 2024). Notably, the southern 
pathway has stood out as the sole location where evidence of systematic use of advanced 
fishing technologies has been discovered. The early development of fishing in the region 
seems to have initially focused on a diverse range of fish taxa, indicating the use of a range 
of fishing methods and technologies suited to both local marine and freshwater habitats 
(Boulanger 2023; Boulanger et al. 2022; 2023). At the site of Asitau Kuru in East Timor, 
fishing activities appear to have extended to trolling scombrids (mackerel, tuna, bonito) 
from watercraft (Boulanger 2023; Boulanger et al. 2022; O’Connor et al. 2011). According 
to the archaeological record, marine resource acquisition intensified during the current 
interglacial climatic amelioration that began approximately 18,000 years ago, leading to a 
dramatic rise in sea levels (Samper Carro et al. 2016). This coincided with the emergence 
of maritime networks, where obsidian was distributed over long distances among the 
Lesser Sunda Islands, likely facilitated by the use of more advanced seafaring techniques, in 
particular dugout canoes (Shipton et al. 2019). Moreover, the discovery of shell fishhooks 
in burial contexts at Tron Bon Lei, on Alor Island, dating back to approximately 12,000 

Figure 1  Least-cost pathway model routes from Sunda to Sahul following Kealy et al. (2018). The 
study sites are represented by a red star. Orange dots indicate Pleistocene sites where fish remains 
assemblages have been found, while red dots represent Pleistocene sites where no fish remains 
assemblages have been discovered
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years ago, underscores the significance of maritime culture for the populations inhabiting 
the Lesser Sunda Islands (O’Connor et al. 2017). These findings suggest that the use of 
marine resources and the development of seafaring technologies played a crucial role in 
shaping the cultural and social aspects of the human communities in the region during this 
transitional period between the Pleistocene and the Holocene. Therefore, the southern 
islands emerge as an especially promising path where maritime technologies conducive to 
extensive long-distance travel could have held great significance.

Northern Wallacea likely offered a wider range of subsistence opportunities due to the 
availability of diverse terrestrial resources. The Pleistocene inhabitants of archaeological 
sites in northern Wallacea, such as Leang Sarru in the Talaud Islands, Golo Cave on Gebe 
Island and the Goa Topogaro sites in Central Sulawesi, seem to have relied on a combination 
of terrestrial resources and shellfish gathering (Figure 1). These discoveries emphasise 
the significance of terrestrial game hunting, plant foraging and rainforest exploitation 
in their daily lives, creating a distinct contrast with the southern Wallacean record (Ono 
et al. 2020). While several studies highlight the importance of the northern route in the 
colonisation of Island Southeast Asia and Sahul (Bird et al. 2019; Norman et al. 2018), 
we possess limited knowledge about their inhabitants’ maritime skills and relationship 
with the sea. Moreover, it is essential to consider potential factors that might influence the 
archaeological record, such as variations in recovery methods. These variations could have 
potentially resulted in a lack of information about fishing activities in the northern region, 
where aquatic environments nevertheless hold great significance in the island landscapes. 
Recent excavations along the northern route have illuminated this adaptation through the 
discovery of unique fish bone assemblages.

This project aims to study fish bone assemblages from four sites located on the northern 
route, spanning the end of the Pleistocene from approximately 55,000 bp to the present. 
Mololo Cave is situated in the Raja Ampat Islands, Indonesia, near north-west New Guinea 
(Figure 1). It boasts a chronology ranging from 55,000–50,000 bp, extending up to the late 
Holocene. It is currently being excavated by Dr D. Gaffney from the University of Oxford, 
Dr D. Tanudirjo from the University of Gadjah Mada, and M. Tolla from the Regional Office 
of Archaeological Research for Papua, who started excavation in 2018. The other three sites 
– Lachitu, Watinglo and Taora – are located on the north coast of New Guinea, Papua New 
Guinea (Figure 1). They were excavated by Professor S. O’Connor from the Australian National 
University and by the National Museum and Art Gallery of Papua New Guinea. Lachitu is dated 
from around 20,000 bp to approximately 5000 bp. Watinglo dates to approximately 45,000 bp, 
while Taora has a more recent stratigraphic profile, with dates from 6500 bp to the present.

This project integrates classical zooarchaeological methods with advanced 
biomolecular and geochemical techniques. Fish remains will be identified using comparative 
anatomy, supported by quantitative measures (NISP, MNI, MNE) and taphonomic analysis. 
For a selection of specimens unidentifiable through morphology, Zooarchaeology by 
Mass Spectrometry (ZooMS) will be applied to determine taxonomic identity. Stable 
isotope analysis (δ¹³C, δ¹⁵N, δ¹⁸O) of fish bone collagen and tooth enamel will provide 
ecological and dietary insights, allowing differentiation between freshwater, nearshore 
and pelagic environments (for example, Boulanger et al. 2024). Together, these methods 
will illuminate human adaptation and interactions to diverse marine environments, 
particularly during periods marked by significant cultural and climatic transformations. 
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By examining these remains, this project aims to provide crucial insights into how fishing 
and marine resources exploitation influenced through time the lives of ancient inhabitants 
in the northern Wallacean and New Guinea region by evaluating the maritime skills of 
these prehistoric communities. As a result, it will provide fresh perspectives to determine 
the favoured migration route and determine the ecological contingencies and cultural 
variations between the northern and southern dispersal routes on their way to Oceania.
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