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Abstract

Why do people go to sea? The relationship people have with land and sea, maritime space,
boats and ships are entwined and complex, shaped and molded by the marine environment,
identity and heritage. This paper explores the complexity of people’s relationship with the
sea to question how we can understand and model seafaring in the past, and how this can
be used to better understand maritime heritage today. To be meaningful, computational
analysis of seafaring must be tied into relevant known seafaring and navigation practice.
Without this firm basis our statistical and hypothetical models lose the ability to meas-
ure past actions. However, there are many ways to ‘go to sea’ and seafaring practices do
not start and end on the water itself. This paper reflects upon the process of seafaring, as
it relates to our understanding of navigational knowledge, mobility in practice, seafaring
as social action and the influences behind people’s desire to set sail. There is much we
can learn from applied practices of seafaring, conducted both by practitioners and through
efforts of experimental or experiential archaeology; understanding the complexity and
nuance of the social aspects of seafaring guides the research questions that shape our mod-
els and shapes how we use and understand the outcomes derived from quantitative compu-
tational approaches.
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Introduction

Our theoretical approaches shape the questions we ask and the methodologies we use, cre-
ating an often-unconscious lens through which results are interpreted, ascribed value, and
contextualised within our understanding of the world. As more people turn to computa-
tional modeling as a tool to simulate and synthesise complex data and multiple variables to
help understand and predict past movement, terrestrial or maritime, it is timely to contem-
plate how we understand travel and mobility in the past. In regard to seafaring, the focus of
this volume, our theoretical approach shapes our computational models, not only ascribing
what needs to be included in the broader aspects of constructing maritime landscapes and
environments (currents, tides, wind direction and strength, swell, fetch, seasonality etc.),
but in our attempt to understand social aspects of seafaring and people’s agency within the
process. The actual practice of voyaging is just as complex as the environmental and social
landscapes through which people travelled. So too are the methods that we as researchers
employ to capture, recreate, or understand seafaring in the past. These include the study of
direct archaeological evidence, oral traditions and written records, experimental archaeol-
ogy and work with modern seafaring practitioners and maritime communities.

Studying mobility in the past is a challenge. Material cultural approaches to understand-
ing past movement and trade have traditionally focused on the start or end points of an
object’s journey; elucidating potential directions of mobility but falling short of narrating
the process of the journey. This is even more manifest in the case of maritime mobility.
In the past, the sea was seen as a barrier to connection, a boundary that separated people
on differing coasts, or an empty space on the map: devoid of social activity, if not cultural
significance (Ford 2011, p. 763; Flatman 2011). Aligning with ideas of liminality, the sea
itself was seen as a transitional space, separating places of action. Conceptualising the sea
as a limit to engagement is now considered an outmoded way of thinking (e.g. Blue et al.
2003; Jarriel 2018). Maritime spaces have transitioned into places of connectivity, dwell-
ing and activity, imbued with meaning and agency. Models help us to understand mobil-
ity, they allow us to simulate how people travelled through maritime space, for example,
looking at distance, potential routes, viewsheds and lines-of-sight, to help conceptualise
the nature of a voyage (Farr 2010a). Computational techniques allow for more complex
models, spatial analyses and statistical analyses of ‘digital sea-trials’ that can be analysed
alongside any available archaeological data. These computational models have become
particularly useful for inclusion of environmental parameters, and for simulating past mari-
time environments, as well as for testing theories about seafaring technologies in the past.
They are a tool for thinking about the process of seafaring within a given space and envi-
ronment. However, the study of past maritime activity strives to understand the varied and
complex ways seascapes were experienced and used. Broader attempts to understand the
texture and complex nuance of these seascapes ontologically, and as experienced and cre-
ated by people, have included hermeneutic, haptic, phenomenological, experimental and
ethnographic approaches (Heidegger 1993; Gojda 2001; Ingold 1993, 2021; Steinberg and
Peters 2015). Landscape—and seascape—discussions have acknowledged the dynamic
nature of place, the temporality of which is created through bodily engagement, with haptic
knowledge shaping human knowledge of the world (Ingold 1993; Tilley 2004, p. 3; Farr
2006).
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The challenge this sets us is how to incorporate this engaged, entangled and embodied
notion of seafaring into computer models of voyaging? Our computational models can be
seen as tools for testing and elucidating general ideas and tentative theories. Perhaps then
they are not tools that allow for agency and specific nuance?

The much quoted, pithy statement by George Box in 1976 asserts: “all models are
wrong” (Box 1976, p. 792) and yet, models do remain useful. For example, palacogeo-
graphical change, in sea-level or coastal geomorphology, can be included in our models
of deep-time allowing us to create boundaries for physical land and seascapes (Kealy et al.
2017; Bird et al. 2018; Kuijjer et al. 2022; Borreggine et al. 2022), whilst environmental
factors such as climate and oceanographic modeling can help us understand the marine
environmental inputs for our models. These allow for an environmentally nuanced under-
standing of voyaging that can aid our understanding of routing and connectivity. These
models highlight why particular routes within maritime space, and particular seasons, may
create ‘maritime highways’ for mobility or travel (Irwin et al. 1990; Blankshein 2022; Kui-
jjer et al. 2022), or by contrast why they might generate barriers that can otherwise be
imperceptible at first glance. This is a useful step in understanding past seafaring activity
and seascape, but we also need to address how these models can flatten the way we under-
stand people’s relationship with the sea, today and in the past. Box’s (1976, p. 791) legacy
was not just the critique of all models, but rather the advocacy of advancement of knowl-
edge through multiple iterations between theory and practice within a feedback loop. Thus,
with awareness of modeling limitations, we can return to theory (and the practice of seafar-
ing itself) to inform new and improved iterations of the models we produce.

In order to construct useful models, we need to understand the ways in which the sea
can be used and understood, and somehow incorporate the intellectual, spiritual, emo-
tional and physical realities of mariners’ lives within them—no small task. To understand
a person’s experience of going to sea, their choices, their desire, their perception of risk,
is hard enough today, let alone in deep time. These social aspects of seafaring are specific
and intrinsically tied to time and place. Yet as modelers, these parameters affect our cho-
sen inputs and shape our understanding of what is feasible, as well as providing us with
broader contextual understanding to allow for better evaluation of our model outputs.

A deeper understanding of the practice of seafaring aids our own comprehension of
its scope beyond a simple movement between ‘A’ and ‘B’ within a marine environment.
Whilst the processes involved within this sphere of activity may be generalised, voyages
cannot. Seafaring is a local practice that can occur on a global scale. The reasons why
people go to sea and the experience of it differ from region to region, community to com-
munity and individual to individual.

From Theory to Praxis

Applying various archaeological theories and methodologies to the understanding of
past seafaring practice—computer generated or otherwise—is vital if we are to develop
questions that delve into the realities of seafaring. Computational modeling is best used
to inspire further inquiry rather than provide absolutes, and the exploration of real-world
conditions is essential in making these lines of exploration meaningful. Tension between
maritime realities and computational capabilities derive in part from the limitations of
model inputs—such as understanding forecasted climate data, limited archaeological and
ethnographic information, and technological recreations. Applying theoretical approaches
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based on what we do know about seafaring practice in today’s world can help researchers
to better evaluate and attempt to validate computational outputs.

Theoretical perspectives are vital building blocks for modeling as they help to center the
human condition and experience within a digital framework that often relies on fixed abso-
lutes of environmental or geopositional data. In some sense, we hope that thinking around
seafaring practice adds value not only to the archaeologist exploring questions of seafaring,
but also to prepare those from computational backgrounds to fully recognise the practi-
cal, social and emotional components of seafaring alongside the physical and technological
limitations. By identifying the issues of concern to seafarers past and present—such as
how they interact with their environment or prepare for the journey—we begin to embody
seafaring practice and recognise the nuance needed within these models.

During the CAST workshop in 2022, it became clear that a strong foundation in anthro-
pological theory and ethnographic research directly impacted many issues relating to the
practical application of modeling or archaeological seafaring research. Further, it became
apparent that every contributor felt there was a need to include discussion of, reflection on,
and inclusion of the experiences and needs of those who would have made journeys across
the sea. Though the theoretical frameworks we employ in our work vary, there is a shared
key focus on (A) people’s engagement with their environments, (B) understanding mari-
time technologies, and (C) exploring traditional knowledge and what it can uncover about
past practice.

As we approach these questions, it is crucial to identify the various approaches research-
ers take to understanding past practices. Even amongst the authors of this paper, or more
broadly, this volume, there are several approaches to exploring the act of seafaring and
all that it entails. That there are so many different modes of knowing, or approaches to
data collection, demonstrates the richness and complexity of maritime communities’
relationship to the sea and highlights the need to avoid generalised normative narratives.
Various approaches include marine and earth science, anthropological and ethnographic
theory, traditional knowledge practices, historical sources, the archaeological record and
experimental archeology. Evaluating past navigation practices, or the process of moving
across the sea in a regular pattern, requires the interweaving of all these fields. Informa-
tion on the location of the beginning and end of journeys may come from the archaeo-
logical record, whilst the actions of people to share information on where the destination
is may come from ethnography or shared practitioner knowledge. Tracking the process of
human decision making in the past is difficult, but crucial to the development of practi-
cal computational models that require the virtual agent to make ‘decisions’ based on pre-
selected inputs that evaluate both environmental data as well as response to these chang-
ing stimuli weighted against preference to travel in specific directions. Understanding how
these approaches can work together can enable researchers to explore ways to use multiple
sources of information to reconstruct not only the sea-routes travelled in the past but the
seafaring practices that ensured their success.

This broad and interdisciplinary approach to seafaring research is necessitated by the
wide range of geographic contexts to be studied and the range of environments that are
included in the practice of navigating between two points. Though many computational
models often focus solely on the ocean surface as the plane of movement, practitioners
have highlighted the importance of viewing their travel space as happening in a wider
‘maritory’: a broader, contextual space in which seafaring happens or is discussed (Need-
ham and Clark 2009, p.12; Fleury 2013; Barrena et al. 2022). Reflecting on maritories and
the maritimity of a community can highlight the need to embed and interweave narratives
of seafaring practice into wider discussion on place, cosmology and identity.

@ Springer



Journal of Maritime Archaeology (2025) 20:579-600 583

To take up a richly narrative, particularising, maritory approach to aid thinking through
seafaring as social action, this paper metaphorically undertakes a voyage. This echoes the
narrative tradition within Pacific Island Studies, where the voyage is a common metaphor
within storytelling and teaching (Teaiwa 2005). The piece is an amalgamation of examples
from researchers focused on different chronological periods and geographic areas of study,
from the Mediterranean to the Pacific and the Caribbean. This provides different examples
of seafaring practice; it does not seek to generalise all seafaring practice, but to highlight
the rich ways voyages can be socially embodied and embedded within community. Our
goal is that by splitting our evaluation of human action into the separate stages of a voy-
age, it may be easier to understand both the when and the why of human action in maritime
spaces, and to apply relevant theoretical frameworks that can address these choices within
the context of real-world practice, not just within computational constraints. Here, we dis-
cuss the process of a voyage from: planning a journey (addressing the complexities of voy-
aging goals and how we can identify past planning), building a boat (discussing seafaring
tool kits and their impact on sailing and community networks), preparing a journey (ana-
lysing community actions that allow for both short or long voyages), going to sea (recog-
nising the social challenges, emotions and opportunities of being at sea mid-voyage), and
recounting the voyage (evaluating navigation techniques and cultural practices for sharing
the stories of being at sea). In many ways these sections are also reflexive, allowing us to
consider our role as computational researchers within this maritory space. These sections
will relate to other papers in this volume that more directly address practical applications
of these activities in current research but also serve as a primer for what theoretical back-
grounds should be explored prior to turning on a computer to build hypothetical-computer-
generated routes.

Today, the co-authors of this paper each metaphorically ‘head to sea’ in their research
for various reasons; motivated to learn about past seafaring practices using methods
grounded in the co-production of knowledge and to work with cultural practitioners to ful-
fil community-based goals. In this way this work highlights seafaring heritage, both tangi-
ble and intangible, past, present and future.

Why do People go to Sea?

As archaeologists we often talk of ‘push’ and ‘pull’ factors as the motivators for people to
step off dry land, to become seafarers, yet these short-hand terms mask complex decision
making. Not all seafarers choose to go to sea, and some have little choice; when we con-
sider the push factors that result in forced migration, for instance, ‘going to sea’ may reflect
a lack of other choices. However, even within more routine seafaring practice, the decision
to ‘go to sea’ is never simple. There are many communal needs or social goals that are
weighed against practical and technological factors before a voyage can be made.

Looking back to the origins of seafaring in deep-time, a fundamental question remains
why we, in our remote past, went to sea? There are many diverse reasons for seafaring.
In some parts of the world, turning to the ocean involved exploring, discovering and set-
tling new islands and lands, with various “push” factors such as population pressure, over-
exploitation of critical resources and climate disasters, and “pull” factors such as unique
island resources, or a ranked social structure where status could be gained from seafaring,
or where older siblings inherited titles to land, which may have incentivised younger sib-
lings to discover new lands to claim as their own as well as voyaging as an exciting adven-
ture (see Finney 1986 for a characterisation of heading to sea in Oceania’s deep-time).
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Voyaging over longer distances may also have been dependent on, or even an outgrowth
of, earlier tentative steps into the water to harvest marine resources. Even the Mediter-
ranean Sea’s comparatively small size and short distances amongst (mostly) visually con-
nected lands generated diverse patterns of movement by our earliest ancestors. Maritime
activity aimed at securing food and raw material resources, and also facilitating exogamy,
occurred against a backdrop of changing climate and radically shifting coastlines over sev-
eral hundred thousand years (Broodbank 2013). A mix of motivations and technologies
would have likely impacted decisions about driving the earliest seafarers to explore and
settle distant, uninhabited worlds, as well as their descendants who continued to ply the
seas along known routes.

Maritime exploration within Island Southeast Asia and Oceania provide key case stud-
ies into the motivations behind early seafaring, where the first exploratory steps by early
humans to shift from terrestrial migrations to ocean crossings began 50,000-65,000 years
ago during the Pleistocene (Kirch 2017; Norman et al. 2018; Ditchfield et al. 2022). With
climate-induced lowered sea levels and exposed continental shelves, these early seafarers
left their known world on the Sunda shelf (what is now Island Southeast Asia) to reach
the supercontinent of Sahul (the connected landmass of Australia and New Guinea) when
sea-levels were lower during Marine Isotope Stage 4 (Kuijjer et al. 2022). Archaeological
excavations of rock shelters on the Wallacean islands, northern Australia, New Britain and
New Ireland suggest that these Pleistocene mariners developed some form of watercraft
such as bamboo rafts, bark boats or dugout canoes. Whilst there is no direct archaeological
evidence for these voyages, computational modeling, allowing for a complex meshing of
palaeogeographical and environmental factors, and a high number of test-runs, has begun
to answer questions as to these earliest maritime technological developments, routing,
duration and propulsion (Bird 2018; Norman et al. 2018; Kuijjer et al. 2022).

These early mariners reached the eastern edge of the Solomon Islands by 20,000 years
ago, but here the first phase of human oceanic expansion is currently thought to have
ended. It was not until about 3500 years ago—with near-current sea levels of the Holo-
cene—that Austronesian seafarers developed forms of watercraft and navigation techniques
that enabled deep ocean voyaging and long-distance exploration that eventually led to the
discovery and settlement of the islands of Oceania (Genz et al. 2023).

Whilst the Pacific Ocean may be described as the birthplace of true ocean voyaging, it is
also the birthplace of many computational seafaring models. Simulations largely converge
with historic accounts, oral traditions and insights from experimental canoe voyaging on
the strategic use of weather patterns that supports the idea of systematic exploration strate-
gies—simulations of thousands of voyages setting out from various islands result in some
one-way accidental drift voyages or navigational errors that contributed to the inadvertent
discovery of islands, but such a scenario cannot account for settlement of all of Oceania
(Irwin 1992, 2007). The techniques employed in these exploration strategies, and replicated
in computational models, largely depended on the technological toolkits of those headed
out to sea as well as oscillations in climate and ENSO patterns effecting rainfall (Sear et al.
2020; Dickson et al. 2019). Smaller, paddled, human-powered vessels would have needed
to check the direction of flowing currents that have often dictated the direction of travel
(Callaghan 2001; Slayton 2018). Wind strength and direction would have affected all types
of watercraft, not just those with sails. Sailing vessels are proposed to have searched safely
in an upwind direction against the direction of prevailing easterly trade winds by tacking
against the winds or by exploiting seasonal westerly wind shifts, and then (whether they
found uninhabited islands or not), returning home with the resumption of the trade winds
to embark on future expeditions (Finney 1985, 1986; Irwin 1992, 2007).
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The early voyages of the Pleistocene and later Austronesian expansion in the region of
Oceania provide insights into the nature of our earliest seafaring practices, centered on the
question of why people go to sea as well as understanding subsequent voyages. For the
surviving descendants of those intrepid explorers, and among other Indigenous maritime
communities throughout the world, the question shifts to more of an ontological framing.
The Tongan anthropologist Epeli Hau‘ofa (1998, p. 58) wrote in a seminal essay, “...the
sea is our pathway to each other and to everyone else, the sea is our endless saga, the sea is
our most powerful metaphor, the ocean is in us”. Drawing from Hau‘ofa’s vision, historian
Paul D’Arcy (2006) explored the intimate connections that “people of the sea” have with
the ocean, where canoe travel is part of everyday life, and belief systems and language are
deeply embedded within concepts of the sea. In the Marshall Islands, for example, an oral
tradition of cosmogonic origins describes how at the dawn of time, the fabric of the uni-
verse was a watery expanse,where in the opening of a giant clam shell by deities resulted
in the creation of our world, the genesis of islands, and the first people (Genz 2018, p. 25).
The Marshallese, who identify as being born from the sea, have encoded this idea linguisti-
cally, with the term for navigator (ri-meto) meaning “people of the sea” (Genz 2018, p. 1).
Narratives and oral traditions that tell of origins from, or from across, the sea, are common
in many different parts of the world.

Beyond consideration of the sea being a liminal space, and an intrinsic component of
identity for many maritime focused peoples, the sea is also a resource for both sustenance
and community engagement. Indeed, it can be helpful to consider the canoe as a mobile
site, or a space of both community engagement and practice. While regionally specific,
in 2022 a group comprised of scholars and cultural practitioners convened a workshop at
the Center for Pacific Islands Studies at the University of Hawai‘i-Manoa to share storied
experiences and scholarly research to co-write about the histories and contemporary prac-
tices of current seafaring in Oceania for the Teaching Oceania Series (Genz et al. 2023).
One of the guiding frameworks that emerged from the workshop was that for Indigenous
maritime communities the canoe is simultaneously a vehicle for forging life-sustaining
local and regional exchange networks, and evidence of a thriving community and culture in
terms of healthy social relationships; a vibrant forest ecosystem with a wealth of resources,
and well-established generational thinking with innovative mindsets. Thus, after the initial
period of exploration, discovery and settlement, Pacific Islanders remained highly mobile,
regularly voyaging among and across islands and archipelagoes.

Voyaging in “a sea of islands” (Hau‘ofa 1994) afforded food security and maintained
exchange networks that provided access to resources, technologies, valuables and knowl-
edge. Drawing from archaeological artefacts, historical linguistic reconstruction, and oral
traditions, scholars and practitioners describe several post-settlement voyaging interaction
spheres in Oceania (Feinberg 1991; Genz et al. 2023). The Vasa Loloa centered on a three-
way exchange of canoe wood and red bird feathers from Fiji, tapa cloth from Tonga, and
fine mats and tattooing from Samoa (Davenport 1962, 1964). The kula linked the com-
munities in the Massim archipelago in southeastern Papua New Guinea in an exchange
of symbolic items (necklaces and armbands) that enhanced social status and prestige. An
interaction sphere linked the high volcanic island of Mangareva in the Gambier Islands
with nearby islands in marginal environments that supplied high prestige resources (red
feathers, turtles, particular stones) (Davenport 1962; Molle and Hermann 2018). The sawei
linked Yap to islands as far east as Chuuk in a system involved gift exchange, religious and
political tribute, and disaster relief. And in the Marshall Islands, linguistic homogeneity
extends farther than anywhere else in Oceania—encompassing 750,000 square miles—as
a result of extensive, regular interaction including networks that linked atolls in the dry
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north with long-term inter-annual variability in rainfall and drought with atolls in the wet
south (Tamagyongfal et al. 2023) (Fig. 1). These and other voyages of interaction demon-
strate continued communication between the home islands and those islands newly settled;
some of these networks ceased prior to European colonisation, some operated until the his-
toric era, and certain aspects of the networks have endured—embedded as values placed on
social relationships—even though the canoe voyages have largely stopped (see Genz et al.
2023 for a detailed examination of the post-settlement interaction spheres of Oceania).

Whether considering the first tentative journeys and the origins of seafaring, or the more
recent complex networks, consideration of why people become seafarers is closely linked
to need, whether social, environmental or economic. Within our computational seafaring
models, our assumptions may be reduced to the desire to test out early colonisation move-
ment across the sea (Kuijjer et al. 2022), or to explore connection between known sites. In
both cases, it is imperative to ask these questions to better understand technology, direction
and routing and the next stages of planning.

Planning a Journey

As we have just seen, there are many reasons why communities have turned toward the
sea and sustained seafaring traditions, over generations and sometimes for thousands
or even tens of thousands of years. The processes involved in the decision-making and
implementation of these initiatives are only anecdotally the work of a single person.
Building a boat, or organising an expedition, is usually part of a complex collective
process. In varying proportions, these plans derive from an interweaving of social,
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Fig. 1 Interaction spheres of Yap and the Outer Islands (left) and the Marshall Islands (right), described in
Tamagyongfal et al. (2023, p. 55, Fig. 5)
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political, economic and symbolic (religious) factors (see Shaikh 2022, p. 1). Access to
these mechanisms is particularly challenging, if not impossible, in the absence of his-
torical sources or direct ethnographic data. Conversely, when we have access to such
information, we can recognise its richness and complexity.

Diverse motivations frame the particular planning behind any journey, and each
driver dictates the individuals involved, the cargo or other load carried, the type of
vessel (and whether new or old), the route, and the balancing of environmental vari-
ables along with risk and reward. For example, seafaring in search of marine or
other resources will privilege certain vessels, and even the specific properties of the
resources themselves will in turn necessitate certain cargo capacities, speeds and time-
lines, journey sequences, labor skills and allocations, traditions, and other considera-
tions that are themselves entangled: to cite just one example, seasons of journeys are
tied to the feasibility of making a voyage within the weather conditions, as well as
the availability of the resources sought but also the potential seasonal availability of
material and labor resources. Regular exchange and communication demand different
parameters for journey planning, and the challenges of large-scale migration surely did
also. This is not to say that these journeys are unrelated in their planning, and certainly
individuals, knowledge, techniques and even vessels are shared, but the many and var-
ied rationales behind a journey must be acknowledged and then the demands entailed
must be articulated in our approach if our modeling is to go beyond the superficial and
be embedded deeply in practice.

On the other hand, when the primary motivations behind different past journeys are
transparent, we still only get a faint glimpse of the actual processes of planning they
entailed. Even the particularly detailed texts from the ancient Mediterranean offer only
scattered snapshots of this process, from courtroom speeches capturing when a journey
did not go as planned, to contracts for the arrangement of boatbuilding and trading
ventures. One document preserved on a scroll, the so-called Pech Maho lead letter,
tells of the partnering of different individuals and relatives in the acquisition of small
boats and their cargos, of the roles of social status and ritual dynamics in such nego-
tiations, and of the pledges, investments and sureties that entangled relations across
cultural, linguistic and geographical boundaries (Lejeune and Pouilloux 1988; Chad-
wick 1990). Yet the specifications of the ship itself remain unclear, as do the sources
for the provisional cargo and the anticipated destination, not to mention the facets of
loading, supplying and crewing. Yet this range of considerations was integral for what,
in all likelihood, was still a comparatively simple and routine journey for its period
and place. Despite such rare and tantalising windows into the planning of a voyage,
much more of the communal planning remains hidden from view, forcing us to rely on
conjecture, analogy or experimentation, particularly when faced with such historical
distance. Interestingly, experimental archaeological voyaging projects can aid in our
comprehension of some of the details of the planning processes of past voyages, whilst
the details may be anachronistic, consideration of seasonality, tide times, weather fore-
casts, crew numbers and roles, and provisioning, give us relevant proxies.

These considerations in planning make collaboration amongst different communities
(in the case of experimental voyages, communities of practitioners and researchers) a
key framework for successful design and resourcing of journeys. Efforts to design and
use a vessel depend on this collaboration.
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Building a Boat

Once the decision has been made to go to sea, the next step is to build a boat. The latter
is at once a machine that floats and moves, an instrument linked to a specific function
(fishing, cargo, interaction etc.) and a temporary living space for its crew and possible
passengers (Muckelroy 1978, p. 221). Thus, a boat is an expression of a technical, cul-
tural, social, economic and even political system. These different functions, the needs to
which the future boat or ship must respond, determine its characteristics (Pomey 2013;
McGrail 2009; Adams 2013, pp. 15-32). Its construction process is then the result of
a dialectical relationship between a technical system and the environment in which the
construction phase (particularly in terms of access to raw materials), as well as future
navigation (the physicality of seascapes), will take place.

In this way, our computational approaches to recreating voyages echo real life. A
central step in the process of computing ancient seafaring is the selection and modeling
of a boat, which must be fed by upstream work aimed at reconstructing ancient boats
and documenting their seagoing capabilities. Our knowledge of these vessels and their
use is based on both archaeological and historical documentation and ethnohistorical
and anthropological data combined with marine engineering and knowledge of technol-
ogy and environment (Dickson et al. 2019). Even when archaeological finds provide
researchers with detailed accounts of boat or ship technology, reconstructing the precise
nature and construction processes of watercraft generally requires a multidisciplinary
perspective.

In order to reconstruct the characteristics of these ancient vessels, numerical data
including general size and architecture, cargo-carrying and navigational capacities needs
to be collected. This stage involves the creation of a reconstructed vessel. This can be
full-scale, in the form of a physical replica, a scaled model for tank testing, or simply a
digital twin. It is important to keep in mind that the latter will always remain a floating
hypothesis up to a certain point, given the limitations of direct ancient data mentioned
above. Tank testing analyses (hydrostatics, hydrodynamic studies) and experimental
approaches in the real world can then be developed based on this hypothesis. Since the
first Kon Tiki expedition, the interest and limitations of reconstructing boats and prac-
ticing experimental maritime archaeology have been the subject of much discussion and
the source of extensive literature (e.g. Ravn et al. 2013). Whatever the real limitations
of this type of approach (Cherry and Leppard 2015), it gives us more direct access to
the technical details of ancient seafaring, allowing us to generate the data needed to pro-
duce computational seafaring models. This type of program works best if it is grounded
in an exchange between researchers and practitioners from maritime communities.

As an example of this articulation between archaeology and history, anthropology
of technology, reconstitution of ancient boats, experimental maritime archaeology, and
computational modeling of seafaring, we will briefly focus on the example of experi-
mental seafaring approaches in the Caribbean and the question of the seafaring capacity
of Indigenous Antilleans (see Fig. 2). This program, while not to be considered exem-
plary (perhaps like any of its kind), is a good example of the type of process we wish to
highlight here.

Questions of seafaring and navigation have obviously always been important in the
study of the human settlement process of the Antillean archipelago and in understand-
ing the dynamics of its precolonial occupation. They have become even more so in the
last two decades, as connectivity and archipelago have become the central paradigms
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Fig.2 A meddo, constructed by
Isocker Anwell in 2016, based
on a diagram by Schiick (1902,
Fig. 31) of a Marshallese stick
chart collected by Gulick and
acquired by the Bernice Pauahi
Bishop Museum in Honolulu,
depicting the southern region

of the western Ralik chain of
the Marshall Islands; the cowry
shells indicate atolls and the lat-
ticework represents wave patterns
that afford navigational informa-
tion (Photo by Genz)

mobilised by the archaeological community to describe them. In response to this need,
a significant scientific effort has been developed over the last decade or so, particu-
larly within the framework of a multidisciplinary collective research program led by
one of the authors, which began with a synthesis of archaeological data and historical
sources on Amerindian navigation in the archipelago (Fitzpatrick 2013; Bérard et al.
2016a). This aided the description of a variety of vessels (floaters, rafts, dugout canoes,
expanded and extended dugout canoes—for definitions, see Arnold 2018) that consti-
tuted the fleet of these populations and highlighted the chaine opératoire for the con-
struction of the kanawa of the West Indian Kalinagos in the sixteenth and seventeenth
centuries. The results of this work provided the specifications for a project to rebuild
one of these canoes, a project that was carried out in collaboration with marine carpen-
ters from the Kali’fila community in French Guiana. The technical process of construc-
tion by the carpenters was the subject of an ethno-archaeological study, and the project
was completed, at the request of the community, with an oral survey aimed at recon-
structing the place of these boats and seafaring practices in the historical and contempo-
rary culture of the Kali’fia (Bérard and Biar 2021). Smaller-scale work was also carried
out with the gommiers (dugout canoe) builders of the Kalinago territory of Dominica.
In this way, several kanawa were reconstructed by interweaving archaeological and his-
torical data with the technical traditions of the last sea dugout canoe builders in the
West Indies and French Guiana.

The second step was to evaluate the capabilities of these boats, one of which was also
first modeled in 3D, and this formed the basis for the development of a hydrostatic study
(Billard and Bérard 2009). This allowed different loading hypotheses to be tested and their
impact on both the speed and stability of the boat—a crucial issue for sea-going canoes
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without outriggers—to be assessed. Finally, the "Akayouman" kanawa was used on various
coastal navigation and inter-island expeditions within the Antilles archipelago as part of
a participatory experimental maritime archaeology program based on the mobilisation of
various actors from the Amerindian and Creole communities of the Antilles (Bérard et al.
2011, 2016b). The data collected in this way has allowed us to broaden the discussion on
the settlement of the archipelago and the navigational capacities of the pre-colonial Indig-
enous populations. Finally, all the knowledge generated by this program has contributed to
the development of a numerical simulation program (Slayton 2018), which in turn has led
to new advances in the computational modeling of seafaring more generally (Hofman et al.
2019, 2021).

Knowledge of the physical characteristics of boats and how they affect their sailing per-
formance is clearly a key factor. However, it is only one part of the complex system of
interactions on which seafaring is based, and only one of the elements to be considered
when preparing for a voyage.

Preparing for the Journey

Preparations for going to sea include consideration of when and where to go and how to get
there, in addition to what particular knowledge, technology or things are required along the
way, or on arrival. These would have differed through time, and reflected the reasons for
going to sea and the available technology or distance.

In the Pacific, detailed ethnographies on seafaring practices and traditional systems of
wayfinding in Oceania illuminate navigators’ preparations and skill, including mental pro-
cessing of environmental phenomena and embodied knowledge of the ocean. Studies with
navigators from Polowat (Gladwin 1970), Satawal (Thomas 1987), Indonesia (Ammarell
1999), Anuta (Feinberg 1988), Taumako (George 2012), and the Marshall Islands (Genz
2018), coupled with in-depth studies on traditional navigation in Oceania (Howe 2007;
Finney 1998; Lewis 1994), illuminate culturally-specific navigational toolkits that appren-
tice navigators learn over the course of years in their youth. This preparation for voyag-
ing includes both land-based instruction and experience at sea (Pyrek and Feinberg 2016).
Recognising the complementarity of mental models and embodied knowledge (Genz 2014)
along with the limitations of language to access these ways of knowing (Feinberg and Genz
2012), researchers of navigation identify three analytical divisions of navigation—setting
and maintaining a course, estimating position once out of sight of land with consideration
of leeway and currents, and homing in on the target island.

Two case studies—Polowat and the Marshall Islands—illustrate the cultural elabora-
tion of a general system of Pacific navigation through the lens of anthropology. Thomas
Gladwin’s (1970) pioneering ethnography of Polowatese navigation detailed how naviga-
tors invoked and integrated multiple schemas, including learning conceptual compasses
for spatial orientation and course-setting based on wind directions and the rising and set-
ting positions of stars and other celestial objects (the “star compass”), a moving reference
island concept (etak) to estimate position and keep on course through dead-reckoning pro-
cedures, and various concepts to expand the range at which islands can be detected in order
to make landfall: such as cloud formations, flight patterns of birds, and disrupted swell and
current patterns. Lewis (1994, p. 196) demonstrated that Pacific navigators only need to
get close enough to a target island so that it can be detected remotely through these various
land-finding techniques, which typically means 30 miles for a low-lying coral atoll and 50
miles for a high volcanic island.
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Navigators in the Marshall Islands developed a system of wayfinding focused on
remotely detecting how islands disrupt the flow of swell and currents (Genz 2018). Mar-
shallese navigators pilot a canoe through embodied ways of knowing, feeling how waves
affect the motion of the canoe, which in turn affords navigational information in terms of
distance and direction toward an island (Genz 2014). Marshallese navigators developed
“stick charts” (mattang or wapepe) that abstractly model the conceptual framework under-
lying wave navigation, including Indigenous concepts that partly resonate with Western
oceanographic understandings of wave reflection, refraction and diffraction. Navigators
also developed planar representations to map the real positions of atolls and ocean condi-
tions, including regional cartographies (medo) (Fig. 2) and maps of an entire island chain
or the entire archipelago (rebbelib). The modeling and mapping of these Indigenous teach-
ing devices are material representations of the navigator’s embodied knowledge of the sea
(Genz 2016).

With this knowledge, navigators must consider the climatic conditions—local weather
and anticipated seasonal shifts in weather systems—and island geographies in relation to
canoe technologies and designs (see Gladwin 1970 and more recently Dickson et al. 2019).
Irwin’s (1992, 2007) thesis of systematic voyaging (see above) is also based on this learn-
ing and knowledge and describes the relative safety of sailing upwind, in order that boats
can easily return home without being required to tack back and forth against the trade
winds. However, seafarers from Polowat and the Marshall Islands developed lateen-rigged
shunting outrigger canoes that are designed for stability travelling on a beam reach across
the wind, maintaining the outrigger on the windward side of the canoe. Thus, most routes
in the Marshall Islands, for example, travel north and south within each island chain (the
eastern Ratak chain and the western Ralik chain) with the predominant easterly trade winds
remaining on a boat’s beam, rather than travelling east—west between the island chains.
Specialists in weather forecasting prepare for the voyage by staying attuned to the environ-
ment through daily observations and track the seasonality of preferred winds and storm
systems. The relative calm period of the summer months in the Marshall Islands, for exam-
ple, is interlaced with storms predicted by the presence of certain stars marking the annual
passage of time, but summer travel is still preferred to voyaging in the extreme windy
months of winter in which the wind-driven sea state masks the more subtle wave patterns
used in navigation (Genz 2018).

Complementing this anthropological understanding of the sorts of knowledge and prep-
aration for navigation are the Indigenous and practitioner understandings of wayfinding. As
the keynote speakers to the CAST workshop describe (see Raigetal and Kelen, this issue),
there are social, political and spiritual elements that drive their understanding of the sea
and inform their decisions about how to employ navigational knowledge, strategise about
specific routes and determine the optimal timing of the voyages. There are other aspects of
the voyage that involve the entire community, such as preparing special food and condition-
ing the body to withstand limited caloric intake during the voyage. Practitioners describe
voyagers looking to travel between islands in the Pacific pre-transitioning to the diet they
would expect out at sea several weeks in advance of the voyage.

Other activities require months or years of preparation, such as the building of the
canoes and training of apprentice navigators and sailors. Still other forms of preparation
require generational time, such as the growing and maintenance of certain trees to carve
into the hulls of sailing canoes.

Most computational models of seafaring try to take into account data on canoe per-
formance on other parameters, but in our metaphorical “preparing for the journey,” as we
anticipate an exciting new wave of research, we place tremendous value on understanding
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the lived experiences of navigation practitioners from their perspective and in their own
voices with the aim of developing strategies to incorporate some aspects of that cognitive,
embodied and socially constructed knowledge into the computational models.

Going to Sea

Once the choice to make a journey is set, and the voyage prepared, all that remains is to
undertake the endeavor. Even with all the preparations made to maximise chances of suc-
cess, there is no way to ensure that a voyage will go smoothly. After launch, success is
heavily influenced by the navigator’s skills and the crew’s capabilities. Navigational prac-
tices, as shown above, vary by region and intention of the crew, knowledge and skill. These
elements are strong inputs for model viability, as they are connected to the environmental
factors they are based on and the start or end points of a journey mapped by algorithm.
This is where seafaring theory connects not only to practice but more directly to computa-
tional modeling. However, it is reductive to say that these are the only elements of human
choice or social influence that would have impacted voyaging. For example, if we con-
sider routing, navigational practices can extend beyond choices made by a single seafarer
to make the most of a current or passing wind. Factors such as the relationship between
coastal, island and sea environments may have marked certain ports of call or areas of
resource procurement or social or cosmological significance.

From a theoretical standpoint, as many of the methods for computational seafaring mod-
eling are still evolving, how to incorporate these fundamental considerations into the pro-
cess is a developing practice. The most evident example may be in how we explore the
concepts of distance and time within models and in dissecting the viability of their outputs.

Whilst distance travelled is reliant on routing, technological capacity (for example abil-
ity to sail upwind) and environmental factors (weather, tides, currents), consideration of
time allows for the inclusion of agency and experience. Common practice for seafaring
modelers is to rely on time as the core cost expenditure for measuring the length of suc-
cessful voyages. But comparing a straight value of hours may be undeserving of our com-
plex understanding of how the concept of time functions within the seafaring process. Not
only do we have to consider the time at sea, but the time to prepare for a voyage as well. It
is clear that our consideration of the temporality of seafaring practice must shift to include
these practices.

In addition, there is also the consideration of how perception may shift on what time
means in the context of land versus marine environments (Farr 2010b; Leidwanger 2013).
Whilst models may address these issues in bands of time marked by environmental pres-
sures, the voyager may perceive the passage of time by the movement of celestial bodies
or the cresting patterns of waves. When we consider the impacts of cognitive perceptions
of time on human decision making, there may be more we need to evaluate concerning
model outputs by measuring them not only against the feasibility of voyages that last a
certain length of time but also how we might break down that time of the voyage into
human-measured rather than algorithmic-measured intervals and thresholds. Looking for
answers to this paradigm may lead us to ethnographic research, oral histories and current
practitioner experience.

Beyond the passage of time at sea, it is important to consider the active art of navi-
gation and its impact on both the length and location of voyages. Particularly in rela-
tion to navigation practices, and the variance in techniques used in models as well as
real-world ‘practical’ scenarios, it is important to consider multiple frames of reference
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for seafaring. Oral histories or examples of direct, and indirect, communication of
directions and experimental archaeology that reimagine these routes may help to build
a foundation of understanding navigational practice in the deeper past. Reviewing what
we can learn both from traditional and experimental practice is required for enhanc-
ing our ability to build effective models, as they may in turn impact the design of the
algorithm that dictates movement across varied surfaces. It may be that talking directly
with practitioners (such as those included in the CAST community) is a way to address
this issue head on, and a way to help to validate end results for accuracy and realism.
However, we must cautiously consider applying the practice of one region to another,
one toolkit to another, or one mode of process to another. By comparing the expert
account of practitioners across the globe, we may be able to begin to assess what is
tied to environment or toolkit, which may help to define a better basis for models that
can be applied globally versus those that are necessarily tied to specific uses (such as
coastal or ocean-going parameters).

Experimental voyaging projects can aid us in understanding life at sea and are use-
ful for testing physical (and emotional) stressors for travel (Hovarth and Finney 1969;
Slayton 2018; see also Montenegro et al. 2023), currently an underexplored element of
the field. However, we should note that practice between crews of the past and mod-
ern seafarers may not be directly comparable. Modern-day sailors using different tech-
niques and skills based on learnt experience from within different (modern) vessels
may make different choices, as would novice sailors who are interested in studying the
past but come from non-maritime contexts. There is still work that needs to be done
to evaluate comparisons between practitioner voyages, experimental voyages using
reconstructed seafaring toolkits, and model outputs to determine where the boundaries
between these types may lie and what impact knowledge of one may have on testing
the viability of another.

Anthropology and cognitive science may also provide a background for us to dis-
cuss the effective practices of decision making, by helping computational modelers
to better understand the influence of mental maps on seafaring practice. A distinction
between communal and individual mental maps may also be useful for understanding
variance in outcomes between those trips programmed to be run by experienced versus
unfamiliar navigators. How much prior knowledge groups may have had of a route,
or of the destination, impacted practical navigation concerns such as rough headings
towards known navigational markers or harvestable resources.

Finally, it is important for modelers to understand the function of seascapes within
the broader lives of those who used them in the past. Just as landscapes are active sites
of engagement, exchange and creation, so too are maritime spaces. Seascapes were not
static environments acting as a barrier or highway, but lived spaces that allowed for
all manner of interaction. Indeed, it is useful for us to consider vessels as mobile sites.
Beyond most current model considerations of time travelled, simple bands of access, or
route locations, it is important for modelers to address ephemeral social and material
elements of seascapes that may have influenced human action (see Shaikh 2022). This
includes considering locations of resource procurement (such as mangroves or known
fishing waters), non-static navigation aids (such as color change in water as directional
markers, or tidal impacts on portages), points of longstanding symbolic importance
(which may otherwise not register as obvious markers) and areas of avoidance (due to
social conflict or participation, placement of known archaeological sites).
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Recounting the Voyage: Telling the Story of the Journey to the Ones Who Stay
on the Shore

When a ship comes ashore, and especially when it returns safely to its home port, the con-
tents of its cargo, its passengers and its crew become the vectors of a double narrative for
those who remained on dry land. This narrative is, on the one hand, the basis for the devel-
opment of a geography of the maritime and coastal spaces directly visited or perceived dur-
ing the voyage and, on the other hand, an "imaginary" and sometimes mythical geography,
the fruit of tales and products from more distant spaces and obtained through intermediar-
ies encountered during the voyage: for example, Marco Polo’s (c. 1410-1412) description
of Sypangu, Hanno the Carthaginian’s observations on West Africa’s maritime facade, or
the land of the "women-without-men’” from which Amazonian Indigenous peoples obtain
their green rock pendants (Boomert 1987). These mythical and real topographies cannot be
disentangled but serve to animate these spaces as dynamic and mark them as new human
experiences. Meanwhile, the information upon return inscribes the sea—and coastal land-
scapes newly in view—into a wide range of different visual, oral and written representa-
tions. Moreover, all the information contained in this specific double narrative must take
a form that allows it to be integrated into the general narrative, the reference system that
underpins the society’s perception of the world and its own maritimity.

It is this loop of interaction between those who sail and those who stay ashore that we
now turn, not in the context of ancient seafaring, but in the development of our computa-
tional approaches. How can we, after producing new knowledge about ancient maritime
activity through computational approaches, integrate it into a global narrative about the
maritimity of the groups concerned, for the benefit of the scientific community? And fur-
thermore, what (conceptual) tools can and should we mobilise to build a narrative that can
be appropriated by a wider public, especially by communities of descendants?

Since the development of numerical approaches to ancient navigation that go beyond
simple drift models, the question of how to integrate data related to the navigational capa-
bilities of ancient boats and ships, as well as those related to the skills and choices of the
agents, has become central. This question concerns both the information gathered during
dedicated experimental maritime archaeology projects, and that contained in historical
sources and traditional oral accounts. A first set of data is relatively "easy" to collect and
model. These are data on the load capacity, the route taken, and the speed of the boat in
relation to the environmental conditions. This is true even if their "translation" from textual
or oral sources requires prior dedicated historical or anthropological research (e.g. Casson
1951). The real difficulty arises when it comes to accounting for some of the biases that
can strongly influence these data. The first of these is particularly relevant to information
collected as part of experimental maritime archaeology programs (Bennett 2009) and to a
lesser extent to that collected from contemporary maritime communities. This concerns
the difference in skills that may exist between contemporary navigators and their ancient
counterparts. The second concerns the consideration of crew capabilities during voyages
due to the impact of various factors, in particular fatigue, hunger, emotional response or
human relationships. Although numerical models can be developed for some of these fac-
tors (Montenegro et al. 2023), their translation into physical performance and decision
making remains complex. Another distortion concerns the factors that can influence the
decision-making process of crews, other than those related to technical and environmental
elements. In fact, each society projects onto the physical realities of the sea a certain set
of perceptions (i.e. risk/safety), values (positive or negative), rules and constraints, all of
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which form the basis of a real seascape, or even a real maritory. For those who traverse it,
the sea is far from being a neutral space; it is full of places.

Transcribing the full complexity of the experience of seafarers into the development of
numerical models poses a number of difficulties, with the return journey, from the com-
puter to the sea deserving discussion.

In a manner of knowledge co-production, researchers can share and discuss results of
simulations with traditional practitioners and experimental maritime archaeological pro-
jects to assess model success and accuracy. To achieve this, practitioners need to under-
stand the general principles underlying the creation and operation of these digital models.
For their authors, this means opening the black box by developing a specific narrative and,
even more, by creating a veritable metalanguage around their practices. In particular, it
is a matter of comparing the choices made by the machine with those made, or those that
would have been made, by the practitioners in comparable navigations in the real world.
The integration of this point of view, based on the agents’ perspective, allows us both to
detect possible biases in the design of the digital model and to assess the distance that
exists between the rational choices of the program and those of the actors, influenced by
the perceptions, values, rules and constraints mentioned above. In addition to a better inte-
gration of anthropogenic factors, the aim is to use this exchange to motivate the joint design
of new real-world experiments capable of producing the data needed to improve numerical
simulations. The ultimate goal, then, is to create an interactive loop, a permanent naviga-
tion between ocean waves and electron flows.

Conclusion

This paper provides a fresh perspective on seafaring theories that engage with practitioner
knowledge to help the development and application of computational analysis discussed
within this volume. The authors have focused on analysing the necessary interactions
between the areas of anthropological theory, experimental or experiential approaches to
seafaring research, ethnographic research and traditional knowledge. Written by specialists
in different maritime regions, the authors provide unique but relevant examples of seafar-
ing in the context of human agency, decision making, and social relations. These narratives
are not intended to provide specifics for all maritime contexts globally, but rather to under-
line the value of understanding practice for the development of theoretical frameworks that
can guide our evaluation of past seafaring.

Seafaring activities have played important roles in many traditional archaeological
narratives. When archaeological research has focused predominantly on the preserved
material culture of the past, seafaring activity is evident but intangible. This challenges
us to find new ways to explore and understand this activity in terms of process, skill,
knowledge and planning. Computational modeling is a useful tool to explore questions
of seafaring in the past, but it is just that—a tool. We are not able to recount or recreate
the past in an exact representation using these methods. Instead, the outputs from com-
putational models are set to help us ask more questions and to guide our understanding
about past voyages and seafaring traditions. As part of the iterative process of modeling
as described by George Box in 1976, a feedback loop forms in which a combination of
approaches link traditional archaeological and historical research with oceanographic
and environmental data and experimental practice, whilst community engagement can
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guide how we construct our models, choose inputs and use the results. Our model out-
puts can then be evaluated through the lens of practice, run and re-run, to highlight mul-
tiple forms of engagement.

Through collaboration with traditional seafaring practitioners, modelers and archae-
ologists can better understand the range of maritime ontologies, the scope and context of
maritimity and seafaring practices. Similarly, as seafaring is a social activity (see Helms
1988; Farr 2006) understanding the practices employed during voyages can teach us not
just about boat technology, routes and distances traveled, but about how people experi-
ence and understand the world. Informed by new understanding of ways in which mari-
time space is encountered and created through collective action, the socially embodied
processes of seafaring can be re-created through the digital medium of modeling.

When working within communities and with local practitioners to help shape our
research questions and methods, it is also essential that we ask why and how this work
can be useful concretely within these communities today. This falls within a growing
movement to support community-led research, targeting research agendas and ques-
tions that are relevant and useful. Contemporary issues surrounding seafaring merge
with debates around maritime migration and climate change that transcend the data
from deep-time to that of present-day news. Environmental pressures, rising sea-levels,
climate change, pollutants and changing hydrology result in shifting maritime practice
and migration. Seafaring is a complex social process, but one that is deeply bound to
the natural world. The boat itself functions as an interface, within and upon the ocean,
touching sea and sky, whilst the seafarers and navigators possess profound knowledge
and understanding of these environments. In many regions, this knowledge and skill
has deep roots in the past. As such, understanding seafaring practice is also tied to
understanding and documenting maritime heritage, central to many island and mari-
time communities around the world facing the loss of these traditions. With environ-
mental change and sea-level rise, coastal development and modern maritime technolo-
gies—from GPS navigation systems to plastic roto-molded boats replacing traditional
maritime technology and skills—the threat to both tangible and intangible heritage of
seafaring is palpable. And as cultural heritage both tangible and intangible is linked to
wellbeing and identity, these issues are timely and need to be addressed. It is hoped that
through model co-creation and partnership with maritime communities, traditional sea-
faring practices can be documented and maritime heritages at threat can be shared, and
in some way, preserved and promoted.

Computational modeling of voyages within changing marine environments are there-
fore live and iterative processes, part of the tradition of storytelling about the journey.
They can be a useful tool to generate discussion, to highlight what can be mapped and
modeled, and when used within a range of analytical tools, research practices and dis-
cussions, can help contextualise, preserve and extend our understanding of this aspect
of maritime heritage.
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