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Abstract: Seaborne movement underpins frontier research in prehistoric archaeology, including
water-crossings in the context of human dispersals, and island colonisation. Yet, it also controls the
degree of interaction between locations, which in turn is essential for investigating the properties of
maritime networks. The onset of the Holocene (circa 12,000 years ago) is a critical period for under-
standing the origins of early visitors/inhabitants to the island of Cyprus in the Eastern Mediterra-
nean in connection with the spread of Neolithic cultures in the region. The research undertaken in
this work exemplifies the synergies between archaeology, physical sciences and geomatics, towards
providing novel insights on the feasibility of drift-induced seaborne movement and the correspond-
ing trip duration between Cyprus and coastal regions on the surrounding mainland. The overarch-
ing objective is to support archaeological inquiry regarding the possible origins of these visitors/in-
habitants — Anatolia and/or the Levant being two suggested origins.

Keywords: early Holocene; maritime mobility; non-directed seaborne movement

1. Introduction

The elucidation of spatiotemporal patterns regarding prehistoric maritime mobility
has attracted global archaeological attention over the past 20 years within the context of
island and maritime archaeology (especially in the Eastern Mediterranean), as they pro-
vide insights in understanding colonization pathways [1,2], maritime technological ca-
pacity [3,4] and social behavior of early colonists [5]. To that end, computer simulation
models for seaborne movement were developed over the years, closely related to agent-
based models [6], although not always explicitly stated as such. In such models, multiple
virtual vessels embark from coastal locations and interact (in a stochastic or deterministic
way) with winds, currents and (possibly) waves according to their postulated structural
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characteristics as well as their navigation skills and trip motivation. Computer simulations
models of seaborne movement have been used to illustrate maritime inter-connections, as
well as test archaeological hypotheses related to colonisation, migration, and cultural con-
tact [7-14].

Cyprus, one of the largest islands in the Mediterranean, is situated approximately
100 km from the nearest Levantine coast and 60 km from the southern coast of Turkey
(Figure 1). Cyprus plays a key role in early Mediterranean prehistory, as it has been insu-
lar since the Miocene (earlier than at least 5 million years ago); this entails that any archae-
ological evidence of early prehistoric human presence/activity on the island implies sea-
borne mobility. In recent years, there has been a rewriting of Cyprus’s earliest prehistory,
with new dates firmly setting the initial colonization of Cyprus into the Terminal Pleisto-
cene (circa 12,000 years before present) before the appearance of Neolithic innovations in
the Levant. These new dates are seen as a possible explanation for the ephemeral evidence
of human presence on the island dating back to the end of the Pleistocene and the begin-
ning of the Holocene [15-18]. As such, the onset of the Holocene is a critical period for
understanding the origins of early visitors/inhabitants to Cyprus in connection with the
spread of Neolithic cultures in the region. Considerable debate, however, still exists as to:
(i) where these visitors/inhabitants originated from— Anatolia and/or the Levant being
two suggested origins based on similarities of the material record, e.g., architecture, lithic
technology, fauna and flora; and (ii) possible routes they might have followed to reach the
island. A very recent study based on ancient DNA data obtained from three individuals
found on Cyprus indicates Anatolia as the genetic source of early Pre-Pottery Neolithic
inhabitants of Cyprus [19].
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Figure 1. Map of present-day Eastern Mediterranean and Middle East.

Capitalizing on relatively recent archaeological findings, physical modelling, palaeo-
geographic reconstruction, and computer simulation, this research provides novel in-
sights into physical controls on potential seaborne mobility (a proxy for maritime connec-
tivity) between Cyprus and other Eastern Mediterranean coastal regions at the onset of
the Holocene. Vessels postulated to be in use for that period (possibly even earlier) in the
Eastern Mediterranean include logs, dugout canoes and wooden rafts [20-24]. Along these
lines, the types of vessels considered in this work include a log (approximated by a surf-
board) and a small wooden raft [20,21]; similar approximations have been adopted else-
where for simulating prehistoric seaborne movement (e.g., [13,25]). Although Cyprus is
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visible from several parts of the coast of southwest Asia [21,26,27], a fact that might have
motivated directed seaborne movement towards visible targets such as the ~2000 m high
Troodos Mountain in the island’s center, the type of seaborne movement tested in this
work pertains to sea drifting, i.e., movement over the sea solely due to currents and winds;
that is, movement without any regulated human effort such as paddling directed towards
a destination. Sea drifting could occur in the context of involuntary or accidental move-
ment once a vessel is stranded at sea. Alternatively, sea drifting might purposefully be
sought after for “not-too-distant” visible or previously known destinations (such as Cy-
prus); this drifting mode would evidently entail a good understanding of local weather
patterns as well as surface sea currents. Against this backdrop, drifting simulation has
been investigated since the 70’s in the context of accidental versus planned colonization
of the Pacific [7] and more recently in the context of minimum founding island popula-
tions [14,28-30]. Similarly, in this work, the trajectories of drifting vessels originating from
several regions scattered throughout the coast of southwest Asia and Cyprus are simu-
lated and subsequently analyzed in terms of their success in reaching the opposite shore.
The proportion of successful trajectories, as well as the duration of the corresponding
trips, provide novel information on physical aspects of potential maritime connectivity
between Cyprus and the surrounding mainland, in support of archaeological inquiry on
the possible origins regarding Cyprus’s early visitors/inhabitants.

Archaeological context: Sketching human trails from the late Epipaleolithic to the
Pre-Pottery Neolithic era.

It was long believed that Mediterranean islands could only have been settled by
farmers because of the limited resources available on islands. This hypothesis has been
challenged with the excavations of Akrotiri-Aetokremnos rock shelter, which firmly es-
tablished first human arrival on Cyprus in the Terminal Pleistocene (e.g., [31]), with later
discoveries pertaining to the existence of forager occupation [32]. Since then, the excava-
tions at Aetokremnos have dominated debates of late Pleistocene/early Holocene sites in
Cyprus [33,34]. More recent finds of a possible Epipalaeolithic (circa 12,000 calibrated
years before present, cal BP) habitation site in the Troodos foothills, Vretcha-Roudias [35-
38]. Ephemeral coastal surface artefact scatters such as Akamas-Aspros and Nissi Beach,
both of which have lithic assemblage with Late Epipalaeolithic character, are also sup-
porting evidence for a Terminal Pleistocene occupation of Cyprus [39,40]. Aspros is sig-
nificant because of its rich lithic assemblage and because it contains the first trace of ma-
terial recovered offshore during an underwater survey. In this case, the anticipated loss
of early sites because of the Last Glacial Maximum (LGM) and subsequent sea level rise
are demonstrated. A second cluster of sites reported by surveys in central Cyprus pro-
vides 12 more surface-collected lithic assemblages with analogies to the excavated Ak-
rotiri phase sites [41-43]. Even though they are currently not dated, these sites demon-
strate possible early exploration from the shore to the island’s interior via the Tremithous
and Yialias river basins [42,44].

The two important early Pre-Pottery Neolithic A (PPNA) sites of Ayia Varvara
Asprokremnos and Ayios Tychonas Klimonas also re-dated the earliest Aceramic Neo-
lithic occupation which is now more or less parallel to the development of agriculture in
the Levant, starting from around 11,000 cal BP [45-49]. Structures found at Klimonas be-
ginning in the early Cypriot-PPNA point to similarities in round-building design in the
Northern Levant [48,49]. Recently, similar oval, semi-subterranean features, although
with wattle-daub construction, have also been found in the Pinarbasi rock shelter from
the Central Anatolian plateau in an Epipalaeolithic context which indicates that the extent
of the western distribution of this feature in Turkey is not well understood [50]. However,
the settlement organisation of having a larger, round central building and smaller living
quarters surrounding this building is so far unknown in Central Turkey, but has parallels
with sites such as Jerf El-Ahmar and Wadi Faynan in the Levant [51].

Early sites in Cyprus represent a unique artefact ensemble, including picrolite orna-
ments that most likely are the Cypriot equivalent of the green stone beads used during
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the Late Natufian and early Neolithic [52]. Though the diversity of ground stone types
belonging to the Cypriot sites is not great, the grooved stone interpreted as a possible net
weight and the perforated disc from Aetokremnos not only have parallels with Cape An-
dreas Kastros on the North coast of Cyprus, but are widely found in the Levant [33]. Shaft-
straighteners have been found at Klimonas, Ais Giorkis and Ayia Varvara and these match
in their decoration by hatchings and criss-cross-pattern artefact types in the Northern Le-
vant, for example, Tell Abr” and Tell Qaramel [53]. The flaked lithic assemblage of Akrotiri
Aetokremnos is in its majority flake-based and dominated by thumbnail scrapers [33]
which have similarities to Northern Levantine Natufian sites. Direct connection with the
South Turkey coast, as suggested by [54], is problematic as it is based on the narrow set of
types, particularly narrowly backed crescents and steeply backed bladelets which are
found in large numbers at Okiizini cave in the Epi-Gravettiean, but are also a type fossil
of the Natufian in the Levant. In the transition to the later sites, there is a change from
flake-dominated assemblages to flake/blade assemblages with burins made from flakes,
projectile points and blades with lateral retouches and notches [51,55]. In addition, we see
sickles in significant numbers appearing. The affinity with the Northern Levant, which
has been noted in the earlier periods, continues in the Cypriot PPNA with the occurrence
of Mureybet or Cheikh Hassan points prominent both in Klimonas as well as Ayia Varvara
[51]. Exotic raw materials, such as obsidian, derive from Central and Eastern Anatolian
sources in aceramic Neolithic Cyprus. A sourcing study showed that most of the obsidian
originated in the Central Anatolian Gollii Dag source, with a small number sourced to
Nenezi Dag. One piece was sourced to the East Anatolian Bing6l B [56]. It is unclear at this
stage whether these raw materials were transported via a direct contact to the South Tur-
key coast as no obsidian cores have been found in Cyprus and the artefacts appear to be
imported in their final form of blades. This indicates a possible indirect arrival of Anato-
lian raw materials to Cyprus through Levantine sites functioning as steppingstones in this
distribution system [56]; see [57,58] for more information on early seafaring around Cy-
prus.

2. Materials and Methods

The drift-induced seaborne movement to/from Cyprus of rudimentary vessels be-
lieved to be in use in the Eastern Mediterranean during the early Holocene (see below) is
simulated hereafter, as a means towards enhancing our understanding regarding the pos-
sible origins of the first visitors to Cyprus. Vessel trajectories are simulated based on data
and assumptions about prevailing paleo-geographical conditions (re-constructed bathym-
etry/coastline) and air/sea circulation conditions parameterised by near-surface wind
speed and direction and sea current speed and direction. The overarching assumption
posits that general conditions of atmospheric and ocean/sea circulation during the early
Holocene in the region are not too different than present-day conditions, an assumption
that has been adopted before in similar contexts [20,26].

Present-day bathymetry data used in this work were synthesised from the European
Marine Observation Network (EMODnet) bathymetry?, the Shuttle Radar Topography
Mission (SRTM) land topography?, and a recent R/V Marion survey of the Eratosthenes
Sea mount, integrated and sub-sampled at approximately a 1.1 x 1.1 km? spatial resolution
grid (Figure 2); note that EMODnet’s bathymetry spatial resolution is approximately 115
x 115 m?2, whereas SRTM’s land topography spatial resolution is approximately 30 x 30 m2.
The paleobathymetry at the onset of the Holocene was reconstructed using present-day
bathymetry and published global mean sea level curves [59] indicate a mean sea level of
approximately -60 m below the present-day sea level for that period. The paleobathyme-
try was thus estimated by shifting the present-day bathymetry by 60 m upwards; the pre-
sent-day —60 m isobath becomes the 0 m isobath for the early Holocene and corresponds
to the paleocoastline for that period. It should be noted that, although more detailed local
bathymetry and corresponding coastline reconstructions are recommended for palaeoge-
ographic coastal environments to account for tectonic activity [60], such information was
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not available for this work; this implies the presence of uncertainty regarding the recon-
structed paleobathymetry and paleocoastline.
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Figure 2. Reconstructed coastline (green to light blue transition) for the early Holocene, corre-
sponding to the -60 m present-day isobath, along with locations of relevant archaeological find-
ings—red asterisks for Late Epipalaeolithic (LEpi), crosses for Pre-Pottery Neolithic A (PPNA),
and squares for Pre-Pottery Neolithic B (PPNB), and virtual vessel departure regions or sources
(black circles); red numbers represent source region id’s (see text for details).

Present-day COSMO REA-6 reanalysis data [61] on wind speed and direction at 10
m height above the sea surface, with an hourly temporal resolution and a 6 x 6 km? spatial
resolution, were downloaded from the Hans-Ertel-Centre for Weather Research Climate
Monitoring and Diagnostics of the University of Bonn® and re-sampled (interpolated) at a
1.85 x 1.85 km? spatial resolution for the purposes of subsequently simulating trajectories
of drifting vessels at sea. In addition, present-day reanalysis data on the speed and direc-
tion of surface sea currents, not containing the effects of tidal currents and representing
average circulation over the top 2 m of the water column [62], with a daily temporal reso-
lution and a 4.5 x 4.5 km? spatial resolution, were downloaded from the Copernicus Ma-
rine Environment Service (CMES)%. These sea surface currents data along with the
COSMO REA-6 wind data, salinity data, and the previously reconstructed palaecobathym-
etry, were employed as forcing to physically downscale (increase the spatial and temporal
resolution of) the daily currents data to an hourly temporal resolution and a spatial reso-
lution of 1.85 x 1.85 km? using the Regional Ocean Modeling System (ROMS [38]). Physical
or dynamic downscaling increases the spatial and temporal resolution of oceanic or at-
mospheric data, also taking into account physical equations governing the problem at
hand, as opposed to the spatial interpolation step adopted for the wind data above which
resamples data to higher resolutions without incorporating physical knowledge; the for-
mer method is known to produce more physically meaningful results as indicated by [63]
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in an atmospheric sciences context. Physical downscaling was performed in this work us-
ing the Adaptive Grid Refinement In Fortran (AGRIF) version of ROMS [64-67], a free
surface, hydrostatic primitive equations ocean model with terrain-following vertical co-
ordinates [68] providing the ability to resolve process variability at very fine scales (espe-
cially in the coastal area), and their interactions with larger scales. The 10 m above mean
sea level wind data and the sea surface current data, both transformed to an hourly tem-
poral resolution and a 1.85 x 1.85 km? spatial resolution via interpolation and physical
downscaling, respectively, are subsequently used to simulate trajectories of drifting ob-
jects corresponding to vessels at sea (drift-induced movement).

Following [69], the drift-induced motion of an object at sea stems from movement
due to ocean currents, and movement relative to ambient water. Current-induced drift is
object-independent and is mainly informed by the sea surface currents data described
above. Movement relative to ambient water, also termed leeway [70,71], stems from wind
and waves acting on the object; the latter (wave-induced motion) is negligible when drift-
ing objects are relatively small, less than some 10s of meters. Leeway is decomposed into
downwind and crosswind components [71,72], which are linked via linear regression
models to a wind speed at 10 m height above mean sea level based on experiments con-
ducted at sea by the US Coast Guard Service (e.g., [73]) in the context of Search-and-Res-
cue operations. The estimated regression coefficients are uncertain, due to errors associ-
ated with the wind and current measurements, and most importantly due to the inherent
variation in the leeway properties of objects. Uncertainty in the estimated regression co-
efficients is encapsulated in their standard errors and is hereby explored by Monte Carlo
simulation, whereby different regression coefficients, hence different regression models,
are selected at random for each simulated object trajectory. The result is a “cloud” of can-
didate positions for drifting objects, i.e., an ensemble (set) of object trajectories for a given
departure location and time, accounting for the (additive) effects of surface sea currents
and winds [71,72].

Drifting objects considered in this work correspond to: (a) a surfboard (3.7 m long, 1
m wide, 200 Lts volume) at sea with a person on it, emulating an individual lying on a
log, and (b) a small wooden raft (2.1 m long, 1.1 m wide, and 0.2 m thick) capable of car-
rying up to five (5) people. Previous applications of the leeway model in conjunction with
similar objects in an archaeological context can be found in [9,25,74]. The simulation of
seaborne movement of these objects under the leeway model is implemented using the
OpenDirift Lagrangian particle tracking model [75]; the surfboard with the person is re-
ferred to as object #42 in Open-Drift’s catalogue of available objects, whereas the small
wooden raft is referred to as object #76. The regression coefficients linking down- and
cross-wind leeway speed-to-wind speed at 10 m above mean sea level for these objects are
taken from [73].

For examining probable seaborne connections between Cyprus and the surrounding
mainland, a set of one hundred (100) objects (virtual vessels) were simultaneously re-
leased for each day of a calendar year within a 5 km radius from 27 coastal regions spread
out along the Eastern Mediterranean shorelines and the island of Cyprus (see Figure 2).
Object release regions 1 to 17 are located off the coast of southwest Asia, and regions 18 to
24 are located off Cyprus’s coast. Simulations are conducted for every calendar day during
one (1) year (2014, in particular), starting every day at a random initial time and producing
hourly results for a duration of 120 h (5 days); that is, each simulated trajectory consists of
120 points, one per hour (simulation time step). This 5-day maximum duration for the
simulation experiments was selected taking into consideration published limits regarding
human endurance at sea [76]. Dynamic representations (animations) of simulated trajec-
tories of floating objects, along with the corresponding sea surface currents and wind data
affecting seaborne movement at each simulation time step, can be found at the SaRoCy
project website>. Moreover, to acquire a better understanding of the plausible drifting
paths between Cyprus and the surrounding mainland, we hereafter present simulated
trajectories for each source location (Figures 3-6) that are color coded according to the
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duration of travel since object release. Simulated trajectories are presented per season, as
this temporal partition is more sensible for understanding seasonal patterns of movement
potential than a monthly partition.

A simulated trajectory is considered as successful (a landfall) if at any point of its
path it reaches within 5 km off the opposite coast without encountering any significant
wave height (average height of the 30% highest waves) greater than 2 m; once a landfall
is made, a simulated trip is terminated. The wave data used consist of hourly data on
significant wave height [77] of approximately 4 x 4 km? spatial resolution, which were
downloaded from the CMEMS¢ and resampled to a 1.85 x 1.85 km? spatial resolution to
match the resolution of both sea surface currents and winds data sets. The 5 km distance
from coast threshold is adopted assuming the ability to successfully paddle towards the
shore within that distance; whereas, the 2 m significant wave height threshold corre-
sponds approximately to the average significant wave height estimated during Mediter-
ranean storms events [78]. Evidently, these threshold values are subjective and their im-
pact on the results could be further investigated (not undertaken in this work) within a
sensitivity analysis context. Additional effects hindering successful water crossings, such
as hypothermia, fatigue, or dehydration, are not explicitly considered in this work; see
[79] for a relevant recent publication.
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Figure 3. Subsets of simulated trajectories for a surfboard (object #42), color coded according to
trip duration (in hours), corresponding to source regions located off the mainland coast.
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Figure 4. Subsets of simulated trajectories for a small raft (object #76), color coded according to trip
duration (in hours), corresponding to source regions located off the mainland coast.
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Figure 5. Subsets of simulated trajectories for a surfboard (object #42), color coded according to
trip duration (in hours), corresponding to source regions located off the Cyprus coast.
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Figure 6. Subsets of simulated trajectories for a small raft (object #76), color coded according to trip
duration (in hours), corresponding to source regions located off the Cyprus coast.

3. Results

Figures 3-6 present examples of simulated object trajectories over all seasons, regard-
less the success (i.e., routes that arrived to a destination) or not of each trajectory. Figures
3 and 4 correspond to trajectories originating from the mainland, whereas Figures 5 and
6 correspond to trajectories originating from Cyprus. Only a subset (3 out of 100) of sim-
ulated trajectories are displayed for each day for each source region; this implies that the
patterns shown in these figures reflect only partially the general sea circulation and wind
conditions of the region. Since the two objects do not extend too much above the sea sur-
face, their movement is mostly controlled by the sea currents and to a lesser extent by the
wind. As a result, the spatiotemporal distribution of simulated object trajectories mostly
reflects the prevailing clockwise geostrophic ocean circulation.

In terms of simulated trajectories departing from the mainland (Figures 3 and 4), tra-
jectories from northern present-day Egypt move eastwards, parallel to the coast, towards
the Levantine coast; whereas, trajectories from the Levantine coast move northwards,
again parallel to the coast, towards present-day Syria and southern Turkey (see also Fig-
ure 1). In addition, trajectories from southern Turkey move westwards and tend to be
more variable, occupying all the straits between southern Turkey and norther Cyprus
(some appearing to reach Cyprus); this pattern of more occupied space is less pronounced
during Spring. Overall, it appears that during Winter and Fall, drifting conditions are
more favorable to help an object drift to Cyprus within 80 to 120 h.

In terms of simulated trajectories departing from Cyprus (Figures 5 and 6), trajecto-
ries appear to be longer, hence move faster. Overall, it appears that conditions during Fall
and Summer are more favorable for drifting northwards towards southern Turkey and
the Iskenderun Bay (to the northeast of Cyprus); drifting towards the coast of present-day
Syria (east of Cyprus) appears to be more favorable during Winter with a small raft (object
#76); see Figure 6.

In what follows, the originally simulated drifting trajectories are analyzed in terms
of their success in reaching the opposite coast. A trajectory is considered successful if it
reaches within a distance of 5 km from the opposite shore, and no significant wave height
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greater than 2 m is encountered at any point along that trajectory. Figures 7-10 display all
successful trajectories during the different seasons for both objects.

In terms of successful drifting towards Cyprus (Figures 7 and 8), drifting with a surf-
board appears to be overall more successful than with a small raft, at least for this partic-
ular year considered. Drifting to Cyprus from the southern coast of Turkey appears most
favorable than other source regions, with two locations in northern Levant (present-day
Syria) also providing favorable departure regions during Winter and Fall. Note, however,
that no archaeological sites have been discovered in southern Turkey for that late Epi-
paleolithic/early Neolithic period; hence, any physical connectivity should not be neces-
sarily interpreted as archaeological connectivity.

Winter: Successful trajectories from Mainland obj.42 Spring: Successful trajectories from Mainland obj.42  hrs
o

#/ Hf‘;
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o o

Figure 7. Successful simulated trajectories for a surfboard (object #42), color coded according to
trip duration (in hours), originating from source regions off the mainland coast.
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Figure 8. Successful simulated trajectories for a small raft (object #76), color coded according to
trip duration (in hours), originating from source regions off the mainland coast.

In terms of successful drifting towards the mainland (Figures 9 and 10), drifting ap-
pears to be more successful during Fall and Summer, and from cape Agios Andreas at the
northeastern tip of Cyprus towards southern Turkey; no simulated trajectory ended up at
the Levantine coast. It is interesting to note that drifting during Spring appears to be rather
unfavorable, as no simulated trajectories of the raft object reach the opposite coast (Figure
10), and successful simulated trajectories of the surfboard object are rather few (Figure 9).
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Figure 9. Successful simulated trajectories for a surfboard (object #42), color coded according to
trip duration (in hours), originating from source regions located off Cyprus.
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Figure 10. Successful simulated trajectories for a small raft (object #76), color coded according to
trip duration (in hours), corresponding to trips originating from source regions located off the
Cyprus coast.

In what follows, analysis pertains to the duration of successful trajectories, i.e., to the
time passed since departure while the object was floating at sea. Analysis is carried out in
terms of distributions (relative frequency histograms) of travel times for the two objects
across seasons (Figures 11-14).

When departing from the mainland, simulated trip duration for both objects (Figures
11 and 12) appears to be the shortest during Spring (shortest for the small raft), and the
longest during Summer; during Winter and Fall, trip duration values range from 48 h (2
days) to 120 h (5 days) with more durations towards 5 days.
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Figure 11. Distribution of trip duration values corresponding to successful, simulated trajectories
for a surfboard (object #42) departing from source regions off the mainland coast.
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Figure 12. Distribution of trip duration values corresponding to successful, simulated trajectories
for a small raft (object #76) departing from source regions off the mainland coast.

When departing from Cyprus, simulated trajectories during Fall season appear to be
the shortest for both types of vessels (Figures 13 and 14), with most trips extending be-
tween 72 h (3 days) and 96 h (4 days). Trip duration during Winter is the longest for both
objects; trip duration is longer than 4 days for the small raft (Figure 14).
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Figure 13. Distribution of trip duration values corresponding to successful, simulated trajectories
for a surfboard (object #42) departing from source regions off the Cyprus coast.
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Figure 14. Distribution of trip duration values corresponding to successful, simulated trajectories
for a small raft (object #76) departing from source regions off the Cyprus coast.

Analysis lastly pertains to the overall percentage of successful trajectories corre-
sponding to different departure regions (Figure 15). It appears that, overall, drifting suc-
cess rates from the mainland are very small: success rates are smaller than 6% (during
Fall) for the surfboard and smaller than 3.5% (during Fall) for the small raft (see top row
of Figure 15); these numbers correspond to trajectories from departure location #5 in
southern Turkey (Figure 2), where no relevant archaeological evidence of human occupa-
tion is known to date. Success rates from locations #9 and #10 at the northern Levantine
coast, where the archaeological record suggest human occupation during the period of
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interest, are significantly smaller than 0.5% (apart from a ~1% success rate for trajectories
simulated for a small raft during Winter). This implies that, based on the 2014 data con-
sidered, drifting to Cyprus from the mainland should have been highly improbable.
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Figure 15. Percentage of successful trajectories for a surfboard (object #42) and a small raft (object
#76) departing from source regions located off the mainland coast (top) and off the Cyprus coast
(bottom).

When drifting from Cyprus, success rates are much higher, especially for the depar-
ture region of Cape Agios Andreas, ranging during Summer from 16% for the surfboard
to 40% for the small raft; during Fall, these rates drop to 17% for the surfboard to 14% for
the small raft (see bottom row of Figure 15). Note, however, that the corresponding times
at sea typically exceed 72 h (3 days), a fact that should also be considered when assessing
the feasibility of the trip at the end.

4. Discussion

This research seeks to support hypothesis testing and archaeological interpretation
regarding the feasibility of drift-induced seaborne movement between the island of Cy-
prus and coastal regions on the surrounding mainland at the onset of the Holocene
(~12,000 years ago), a period during which Cyprus is believed to have received its first
visitors/inhabitants. A combination of physics-based models and computer simulation are
employed towards modelling drift-induced seaborne movement, estimating a null model
of non-directed potential maritime connectivity between Cyprus and its surrounding
coastal areas. Such a model can certainly be used as a basis for developing more realistic
models of seaborne mobility, corresponding, for example, to paddling-induced move-
ment at sea towards selected destinations, and adds to the broader discussion of short
haul seafaring patterns around Cyprus in antiquity [80].

The data collected for the Eastern Mediterranean region pertained to the physical,
geomorphological, oceanic, and climatic environment, as well as human occupation. From
these data sources, only the latter (human occupation data) pertain to the Epipaleo-
lithic/early Holocene period, while published global mean sea level curves furnish the link
between present-day bathymetry and the reconstructed bathymetry for the early Holo-
cene. The Regional Ocean Modeling System (ROMS) was employed to physically
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downscale coarse spatial resolution daily data on sea surface currents to finer spatial res-
olution hourly data. Trajectories of sea drifting objects corresponding to a person on a
surfboard, as well as small wooden raft capable of carrying up to five persons, were sim-
ulated using the leeway method with parameters taken from US Coast Guard experiments
at sea in the context of search-and-rescue operations. Vessel departure was parameterized
in terms of 27 departure regions scattered throughout the coast of southwest Asia and
Cyprus as possible departure scenarios. Simulated object trajectories were analyzed in
terms of their success in reaching the opposite shore (within a 5 km distance and without
encountering significant wave height values greater than 2 m).

The results were overall similar for both vessels indicating that drifting to Cyprus
should have been highly improbable. Drifting from Cyprus, however, appears to be more
plausible, particularly during Fall and Summer, although consideration should also be
given to the corresponding trip duration (longer than 3 days) in terms of final trip feasi-
bility. Most successful drifts into Cyprus leave from present-day southern Turkey. How-
ever, no published archaeological sites dated to the early Holocene exist in that area; this
might be attributed to such sites being currently submerged due to the rise in sea level
since the early Holocene. It should also be noted, again, that our results should be re-
garded as lying on the optimistic side, i.e., the probability for successful drifting to Cyprus
might be even lower, as the simulations conducted in this work do not explicitly account
for additional effects, such as thermoregulation and dehydration, known to adversely in-
fluence seaborne travel, particularly during Winter and Summer, respectively, for this re-
gion of the world.

In terms of further research, the effects of several parameters, such as the -60 m dif-
ference between present-day and early Holocene bathymetries, as well as the 5 km dis-
tance to shore and the 2 m significant wave height used for the definition of successful
trajectories, fixed in the current implementation of the methodology need to be further
investigated in the context of a sensitivity analysis. More research is also needed to extend
this work to additional vessels, such as a raft with a fixed sail mimicking a hide mounted
onboard or larger watercrafts possibly used to transport livestock to Cyprus. This is par-
ticularly important as new findings of animal (wild boar, fallow deer) translocation in
both Akrotiri as well as Klimonas point to a forager behaviour where early colonists ap-
pear to transport animals to increase biomass on the island [51]. The transportation of a
large amount of cargo would require more significant investment in boating technology
and would necessitate larger watercrafts for journeys to Cyprus. Further drifting experi-
ments over more years are also required, preferably with data from paleoclimate and
paleoceanographic simulations, to account for inter-annual variability; this is also of crit-
ical importance for reaching generalisable conclusions regarding the potential, or lack
thereof, of drifting to Cyprus from the shores of southwest Asia.

In any case, the simulation of drift-induced seaborne movement undertaken in this
work furnishes novel insights on island visitation in the Eastern Mediterranean for the
early Holocene, along the lines of similar studies conducted elsewhere. In this sense, this
study contributes significantly to the process of understanding physical aspects of poten-
tial maritime connectivity within the context of the spread of early Neolithic cultures in
the Eastern Mediterranean.
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