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Oceans and seas are more frequently thought to have been barriers to than enablers of
movement for archaic hominins. This interpretation has been challenged by a revisionist
model which suggests that bodies of water facilitated the dispersal of pre-moderns. This
paper addresses the revisionist model by defining maritime dispersal as a series of cogni-
tive and organizational problems, the capacity to solve which must have arisen during the
evolution of Homo. The central question posed is: knowing the type of social and cognitive
configuration necessary for strategic maritime dispersal, and knowing the social and cog-
nitive capacities of hominin species implied in the revisionist dispersal model, how likely is
it that such species possessed the capacity to undertake purposive maritime colonization?
Available data suggest that the evolution of modern cognitive architecture during the Late
Pleistocene correlates positively with increasing evidence for maritime dispersal in the Up-
per Palaeolithic, and that behavioural modernity is implicated in the appearance of strategic
maritime dispersal in Homo. Consequently, it is likely that deliberate trans-oceanic seagoing
is restricted to Anatomically Modern Humans, and possibly Neanderthals.

Oceans and their effects on hominin dispersal

Prevailing interpretations and recent challenges
Oceans are more frequently thought to have been bar-
riers to than facilitators of movement for archaic ho-
minins. Pre-modern human dispersals out of Africa
and beyond are considered to have been conditioned
and directed by bodies of water (e.g., Boivin et al.
2013; Dennell & Petraglia 2012; Mellars 2006; Mel-
lars et al. 2013; Palombo 2013),1 prohibiting, for ex-
ample, the colonization of Australia by archaic Homo.
Anatomically Modern Humans (AMH/Moderns), by
contrast, have proven to be capable of overcoming
oceanic barriers from �50,000 years ago (Davidson
2013; Kirch 2010, 135–6; Webb 2006, 73–111). During
the terminal Pleistocene and early- to mid-Holocene
our species reached increasingly isolated fragments of
land (notably in the Mediterranean, Caribbean, East
Asia and Near Oceania), with the colonization of Re-
mote Oceania from 3500 years ago (Athens et al. 2014;
Wilmshurst et al. 2011) representing the acme of this

achievement prior to the modern period. Patterning in
such behaviour suggests, however, that Moderns were
reluctant to abandon the security of continental envi-
ronments, even if they were demonstrably capable of
doing so; larger, closer islands have been preferred (or
judged to be less hostile) habitats over smaller, more
remote islands, following the expectations of island
biogeographic theory (MacArthur & Wilson 1967). In
the Holocene Mediterranean, for example, despite ev-
ident capacity to access small islands, these represent
some of the last niches in the region to be colonized by
expanding agropastoralist populations (Broodbank
2006; Dawson 2013). The prevailing interpretation has
been, then, of bodies of water as biogeographic barri-
ers to dispersal in Homo, just as they represent similar
barriers (of variable permeability) to other taxa (e.g.,
Losos & Ricklefs 2010; Quammen 1996). This interpre-
tation forms a vital component of the current model
of hominin dispersal around the planet.

This standard model is now challenged by
a revisionist model of hominin dispersal. The
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revisionist model arose from and has been primarily
adopted in Mediterranean scholarship; proponents in-
clude Runnels (2013; 2014a, b; Runnels & Hammond
2012) and Simmons (2012; 2014), amongst others (e.g.,
Panagopoulou & Karkanas in press; Strasser et al. 2010;
2011; Tourloukis & Karkanas 2012). Contrary to the
prevailing understanding of oceans and seas as in-
hibitors of the dispersal of hominins, these scholars
have suggested that the Mediterranean—and by ex-
tension other bodies of water—facilitated the disper-
sal of pre-modern hominins. This is based on recent
data from Crete and other eastern Mediterranean is-
lands, where artefacts which bear typological simi-
larities to Lower and Middle Palaeolithic forms (i.e.
Acheulean and Mousterian) have been recorded dur-
ing surface prospection (Ferentinos et al. 2012; Strasser
et al. 2011). As Crete, and several other Mediterranean
islands, have been truly insular since the Zanclean
Flood at 5.3 million years ago (Krijgsman et al. 1999;
before the appearance of Homo), it is argued that
these artefacts are the signature of colonization and
hence deliberate seagoing by those pre-modern ho-
minins most usually associated with the relevant in-
dustries. Taking these data as a point of departure, it
has been suggested that oceans should be viewed as
environments that enabled rather than inhibited dis-
persal amongst pre-moderns (Runnels 2014a,b; Sim-
mons 2014, 203–12). The paucity of Lower Palaeolithic
data from other island or biogeographically remote
contexts is in general regarded by these authors as a
function of collection strategies not explicitly oriented
towards recovery of such data, rather than being rep-
resentative of patterning in hominin behaviour (Run-
nels 2014a).

Implications of and questions for the revisionist model
If the revisionist model were correct in asserting that
oceans and seas were facilitators rather than inhibitors
of movement in Homo, there would exist serious im-
plications for our understanding of how and why
hominins spread around the planet; not least that
our ability to distinguish between probable presence
vs absence of Lower Palaeolithic occupation is inad-
equate, and that we have consequently fundamen-
tally misunderstood both the processes whereby ho-
minins were distributed across landmasses and also
the causes, forms and structural effects (such as spe-
ciation and cultural and behavioural variation) of this
distribution. If the revisionist model were accurate,
it would, for example, challenge the current explana-
tion of the pre-Upper Palaeolithic absence of hominins
from the Americas and Australasia and undermine at-
tempts to explain H. neanderthalensis as an outcome
of allopatric speciation from populations of source

taxa in Africa. Consequently, although the revisionist
model has gained traction primarily in Mediterranean
scholarship, establishing its veracity should be of pri-
mary importance to archaeologists interested in the
pattern and process of human dispersal, both region-
ally and at the global scale. The aim of this paper is,
then, to evaluate the efficiency of the revisionist vs the
standard model in accounting for data.

How can we interrogate the revisionist model?
Thorough consideration of the quality and quantity
of the Mediterranean data may be productive (see
Broodbank 2014; Galanidou 2014; Phoca-Cosmetatou
& Rabett 2014a). The lack of either stratified cave de-
posits with hominin fossil material or artefacts from
sealed and radiometrically dated contexts is prob-
lematic. The absence of radiometric data from strat-
ified contexts in particular for any of the purportedly
Lower Palaeolithic material from the ‘true’ (i.e., in-
sular throughout the late Pliocene and Pleistocene)
Mediterranean islands severely limits the extent to
which claims may be made about this material, as
morphometric analyses are suggestive but not con-
clusive. Problems pertaining to the quality of the data
themselves aside, it would be likely that any large-
scale island colonization during the Lower–Middle
Palaeolithic would have pronounced and palaeoen-
vironmentally visible effects on fragile island ecolo-
gies. The apparent lack on Mediterranean islands of
ecogeographic impacts usually associated with a col-
onizing apex predator such as pre-modern forms of
Homo (Leppard 2014a) might, then, be taken as in-
dicative of a lack of colonization episodes sustainable
over the long term. Finally, it should be noted that the
cyclical imprisonment and release of vast amounts of
water in and from the icecap(s) of the Northern Hemi-
sphere during glacial–interstadial oscillations implies
that the Pleistocene geography of the Mediterranean
was more dynamic than often appreciated. For exam-
ple, some islands which have remained insular during
the Holocene—particularly in the Aegean, Adriatic
and Tyrrhenian—were, during low sea stands associ-
ated with glacial maxima, connected to the Eurasian
mainland (Lykousis 2009). In such a circumstance,
artefacts from currently insular contexts with dates
which straddle Pleistocene glacials can be interpreted
in terms of terrestrial, and not maritime, dispersal.

The problems inherent in the data notwithstand-
ing, this paper adopts a different approach (see also
Phoca-Cosmetatou & Rabett 2014b), and in so doing
aims to contribute more broadly to the study of island
colonization as a behaviour in Homo. So far in the
wider discussion, attention has primarily been fixed
on the data themselves, their distribution, reliability
and pertinent palaeogeographic and biogeographic
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Figure 1. Correspondence between cultural chronology, geological chronology and species prevalence, in thousands of
years ago. For clarity, Australopithecines, Homo habilis, rudolfensis and floresiensis are omitted, H. ergaster and
erectus considered together.

variables. Two vital factors, which when considered
in tandem have important implications for the accept-
ability of the revisionist model, have not yet received
the attention they deserve.

First, the revised model of colonization includes
in its purview species other than AMH, including but
potentially not limited to Homo ergaster/erectus, heidel-
bergensis and neanderthalensis (see Figure 1 for corre-
spondence between cultural and geological chronolo-
gies and species persistence). This has not been em-
phasized in the recent literature, and we should take
care not to reduce artificially the complexity of the
problem by treating the behavioural and evolutionary
contexts of these species as broadly uniform. These
are species which by definition display morpholog-
ical and behavioural differences both between each
other and between themselves and AMH, and con-
sequently can be assumed to have varied cognitively,
socially and technologically. Examining behaviour in
one species, whilst informative, does not provide con-
clusive evidence about colonizing adaptations in an-
other separated by genetic distance and evolutionary
time.

Second (and important in the light of the previ-
ous observation), lacking in the emerging discussion
is a detailed consideration of what type of process
deliberate maritime colonization represents: what be-
haviours it involves; what logistical, technological and
organizational capacities it demands; what neurologi-
cal and cognitive structures necessarily underlie these
behaviours and capacities; and how these might differ
between the various species noted above. Purposive
or active colonization (as opposed to random disper-
sal or passive colonization: Leppard in press) of as

yet unseen habitats is not an ability innate to pri-
mates. It would be considered odd, for example, to
suggest that the dispersal of the ancestors of lemurs
to Madagascar from Africa between �66–34 million
years ago (Kay et al. 1997) was in any sense inten-
tional or strategic; such abilities are also not obviously
present in our nearest living relative, Pan troglodytes
(Suddendorf & Corballis 2007). However, AMH have,
since certainly �50,000 years ago, exhibited capacity
for deliberate trans-oceanic colonization, in which in-
tention has demonstrably played a role. The ability to
undertake active colonization has appeared via evo-
lutionary processes, and in particular the evolution
of the brain and certain associated types of complex
behaviour; this organization must have arisen subse-
quent to the evolutionary divergence of our lineage
from Pan, �6.6 million years ago (Steiper & Young
2006).

Whether this evolutionary emergence occurred
deep in the hominin lineage (prior to the appearance
of the species implicated in the revisionist model), or
more recently, in association with AMH, has not been
considered in detail. We know that archaic species
of Homo differed from Moderns in terms of both so-
matic (and particularly cranial) morphology and in
behavioural organization, with a direct relationship
between these factors; group size and technological
complexity correlate positively if grossly with neuro-
cranial capacity, at least in our genus (e.g., Dunbar
2012; Gamble et al. 2011). The vital issue is whether
archaic Homo, thinking and acting differently from
AMH, had a similar capacity for deliberate maritime
dispersal. Accordingly, this paper attempts to estab-
lish what type of social and cognitive configuration
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is necessary for targeted and sustainable island colo-
nization; to review the social and cognitive capacities
of pre-modern hominins implied in the revisionist dis-
persal model; and to evaluate, on this basis, the likeli-
hood that such species had the capacity to undertake
purposive colonization. This evaluation may conceiv-
ably provide guidance when choosing between the
standard and revisionist models.

In considering this problem, active maritime dis-
persal is framed as a cognitive and organizational
problem. It is suggested that purposive or strategic
colonization is a very distinct type of cognitive chal-
lenge, involving the ability to undertake a series of
tasks which are rooted in complex cognitive processes.
These tasks include:
(1) Modelling the existence of temporally and spa-

tially distant (i.e. not directly observable or know-
able) habitats which offer future rewards in ex-
change for immediate risk, and weighing these re-
wards against those offered more closely to home.

(2) Communicating these complex ideas to a demo-
graphically viable group and coordinating or co-
ercing the behaviour of group members towards
a defined end.

(3) Possessing the technological capacity to under-
take maritime colonization.

These abilities demand certain types of
neurological-cognitive organization. The pressing is-
sue, then, is at what point in hominin evolution this
organization can first (or most securely) be identified.
The most recent consensus on the cognitive and orga-
nizational capacities of pre-modern hominins is con-
sidered, paying particularly close attention to cogni-
tive processes which relate to balancing present risk vs
future benefit, abstraction, decision-making and com-
munication of complex concepts.

Cognition, behaviour, and maritime dispersal
What types of cognitive process and somatic action are
implicated in purposive (active, or strategic) maritime
dispersal? This is an inevitably complex question, an-
swers to which must be equally inevitably specula-
tive to a degree; this may in part explain why they
have gone largely, but not entirely, unaddressed. In
recent discussions of the issue of trans-oceanic colo-
nization in pre-moderns, a focus on other topics has
left the issue of the complexity of this behaviour to
one side. When it has been discussed, the nature of
the behaviour itself has not been an object of delib-
eration. An underlying theme seems to be a willing-
ness to interpret maritime colonization as purely a
technological problem (e.g., Simmons 2014, 204–5):
seagoing technology and knowledge sets as a sim-
ple outcome in the wider context of the appearance

of composite-additive technologies. Building on this
undersubstantiated position, speculation regarding
means of propulsion, stabilization devices and nav-
igation technologies has made its way into the dis-
cussion, without serious consideration of the implica-
tions being made about the technological contexts of
the species involved (see, e.g., Broodbank 2014, 269;
Runnels 2014b, 274). Exacerbating this problem is the
willing acceptance of evidence from experimental ar-
chaeology; in particular, that subgenre of experimen-
tal archaeology which seeks to recreate the conditions
of a supposed trans-oceanic colonization event, mimic
the hypothesized event and then suggest that this im-
itation provides corroborating evidence for it.2

There are, however, two notable exceptions to the
general lack of recent, more reflective treatments of the
question of the nature of strategic trans-oceanic colo-
nization as a behaviour. In a pioneering paper which
has not received enough attention within the recent
debate, Davidson & Noble (1992) considered the ex-
tent to which the colonization of Sahul at �50,000
years ago might have constituted direct evidence for
modern behaviour. They underscored the inherent
complexity of oceangoing technology, suggesting that
construction of a seagoing craft involves certain types
of conception and intentionality which imply a greater
degree of abstract thought than that implicated in
solely reductive technologies; boat (or raft) construc-
tion involves the corralling of diverse materials, fash-
ioning these into forms which have no practical appli-
cation except as part of a functional whole, and then
the composition of this whole. They further argued
that the close cooperation between various individu-
als using various tools to achieve a unified end implied
by boat construction necessarily requires language as
an enabling factor.

Davidson & Noble performed a vital service by
emphasizing how boat or raft construction differs
from and can be considerably more complex than
other types of tool manufacture. They (and other con-
temporary commentators) did not, however, consider
the mental dynamics which underlie not only seago-
ing technologies, but the notion of trans-oceanic travel
itself. Coolidge & Wynn, albeit in passing and with
maritime dispersal not their main focus, recognized
the central importance of abstract thought and the
capacity to model various scenarios which must nec-
essarily underlie deliberate dispersal or colonization:

It [the colonization of Australia] probably required
projecting future action, group contingency plan-
ning, and the production of elaborate, multi-step
technologies (boats), all activities that are enabled
by EWM [enhanced working memory]. (Coolidge &
Wynn 2005, 20)
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This brief yet important consideration (now sup-
plemented by Davidson 2010; papers in Dennell &
Porr 2014; Wadley 2013, 164; Webb 2006; Wynn &
Coolidge 2010) captures three vital elements of be-
haviour upon which this paper expands, in a modified
manner: projection of future action; group planning;
and composite technological capacity. The debate has
thus far paid most attention to the latter: how the
cognitive-technological capacities of the constituent
species of Homo do or do not support the contention
that the species in question undertook purposive mar-
itime colonization. It is a fundamental assertion of this
paper that a far more important question concerns the
type of thought which relates to future action and pos-
sible worlds. It is a complex enough task to design,
build and utilize a raft to cross oceanic distance; quite
another to stand on a beach, staring at the horizon,
imagining distant worlds to which the raft might be
paddled and on which life might be lived more fully
and satisfactorily.

For various reasons that will become clear in the
ensuing discussion, it is possible that the same cog-
nitive framework is necessary for projection of future
action and comprehension of composite technologies;
consequently, these requirements can be combined.
In contrast, Coolidge & Wynn’s definition addresses
group planning, and thus communication and com-
prehension of abstract concepts, but not the issues of
coercion or decision-making: if archaic hominins the-
orized that long-range maritime dispersal may be in
some sense beneficial, how was this goal achieved
within existing social structures? It is possible to re-
duce the varied behaviours involved into three main
types:
(1) Ability to conceive of possible future (i.e., non-actual)

states in the abstract which may be beneficial yet which
are spatially and temporally remote. The ‘possible
worlds’ or strategic behaviour problem; trans-
oceanic colonization of necessity involves imag-
ining a distant future state, the adaptive benefits
of which outweigh risks. This is arguably part of
a larger set of cognitive processes in which ab-
straction from the present to non-actual desirable
states is involved.

(2) Ability to express complex ideas (involving abstraction
and non-actual states) to other group members. The
issue of the emergence of language; not only the
evolution of the mechanical capacity for speech,
but also of a syntactical system which allows for
indirect speech and abstraction.

(3) Ability to organize, coerce, or cajole peers, mates
and offspring towards a future goal such that it is
achieved satisfactorily. Successful strategic coloniza-
tion events demand certain demographic thresh-

olds, vital for logistics as well as reproductive vi-
ability. This, in turn, demands a social structure
through which wishes and demands can be ex-
pressed and met.

These are inevitably generalizations abstracted
from each individual and unknowable instance in
which dispersal was strategic and purposeful, rather
than random. On a basic level, however, it is enor-
mously difficult to conceive of strategic colonization
in the absence of any of these factors; they represent, in
that sense, necessary conditions. If we can better under-
stand when and in what conditions these cognitive
capacities evolved, we will be able to predict more
accurately when the vital cognitive components for
strategic maritime dispersal were in place.

A barrier to doing so is the sheer diversity and
amount of research undertaken on the evolution of
these attributes in Homo. An exhaustive review of the
available evidence for the evolution of these types of
cognitive process and ensuing behaviours is likely to
be compendious and perhaps rather uninformative.
More productive would be to attempt to draw a lim-
ited consensus out of the varying approaches to the
problem of the evolution of these types of behaviours,
to establish at what stage or by what point in the evo-
lutionary history of Homo we can be reasonably sure
that the cognitive and behavioural architecture for
successful strategic maritime dispersal was in place. A
key limitation here is that successfully defining such
moments of emergence in the palaeoanthropological
record is inherently problematic. The goals are, then:
to establish likely windows of evolutionary time in
which strategic thought, language and complex social
behaviour comparable to our own may have emerged;
to delineate points of chronological overlap; to clarify
which species of Homo were extant during this over-
lap; and to compare this to the revisionist model’s
expectations. It is not the intention to contribute to the
many debates within the evolutionary and palaeoan-
thropological literature, but rather to review and ex-
tract points of broad consensus as they bear on the
issue of purposive seagoing in archaic Homo.

Cognitive, behavioural and technological evolution
in Homo

The emergence of strategic behaviour and the evolution of
the hominin brain
Shouldering enormous risks to cross a wide, generally
inhospitable environment requires substantial moti-
vation on the part of an organism involved. In the
absence of immediate and perceptible rewards, or ge-
netic predisposition towards cyclical migration, the
majority of organisms will not voluntarily assume
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such risk. Recognizing potential or future rewards
which render this risk tolerable according to adap-
tive metrics and communicating this calculus to a
wider group requires a very special kind of cognitive
process. The ability to extrapolate to unknowable fu-
tures is an aspect of a wider development in hominin
brain architecture: the capacity to model non-actual
states of being and act in an attempt to bring these
states about. This capacity is arguably a necessary
condition for maritime dispersal in Homo and, conse-
quently, the timing of its evolutionary appearance is
critical.

The broad agreement on the paramount im-
portance of abstract thought of this type within
the context of explaining truly modern behaviour is
matched by diverse approaches as to which physio-
logical processes and components are involved, and
to how modern behaviour might be detectable in
the palaeoanthropological and archaeological record
(e.g., Coolidge & Wynn 2005; Davidson 2010; d’Errico
& Stringer 2011; Frith 2012; Gamble et al. 2011; Gowlett
et al. 2012; Haidle 2010; Heyes 2012; McBrearty &
Brooks 2000; Nowell 2010; Rossano 2010; Whiten &
Erdal 2012). Consensus exists that abstract thought,
planning and use of memory of experience to con-
struct viable future scenarios lie at the core of mod-
ern cognition (e.g., Ambrose 2010; Shultz et al. 2012;
Sterelny 2011, 811–13), but understanding how pos-
sible worlds are rendered in the human brain is a
complex task situated at the intersection of evolution-
ary psychology, neurobiology and genetics. Unpick-
ing this rendering is beyond the scope of this paper,
but it remains important to outline current thinking
on modern cognition, challenges in defining it, and
attempts to establish broad consensus on its appear-
ance.

Working memory and executive function loom large
in the more recent literature within the wider dis-
cussion of modern cognition, and hence behaviour
(Coolidge & Wynn 2001; 2005; Wynn & Coolidge 2010;
2011). This derives from the recognition that various
cognitive processes share underlying structure, and
that this structure is a function of the emergence of
a particular form of neural architecture. In particu-
lar, the precocious development of the neocortex (i.e.,
encephalization) throughout the evolution of Homo,
reaching its greatest current extent in AMH, is con-
sidered significant; multiple lines of evidence suggest
that processing in the prefrontal lobes is fundamen-
tally related to strategic cognition and abstract lan-
guage (Frith 2012). That said, it also seems clear that at-
tempting to correlate discrete subregions of the brain
with equally discrete subsets of cognition is unlikely
to reflect actual neurological process (Barton 2012),

and that framing the problem in terms of interrela-
tionships and complex systematics within the brain—
and the evolutionary development of such features—
is probably more constructive than either understand-
ing prefrontal lobe development as the only pertinent
variable (e.g., Roth & Dicke 2005), or assuming that
absolute brain size and complexity of cognition exist
in a purely linear relationship (Neubauer & Hublin
2012; Smaers & Soligo 2013).

The contention over how and in what terms mod-
ern cognition occurs within the human brain is exacer-
bated by substantive problems which relate to the data
available in understanding cognitive evolution. While
encephalization is recognized as central, the selective
forces driving it are imperfectly understood (Bailey &
Geary 2009; Dunbar & Shultz 2007), as are the neu-
rological trajectories through which encephalization
was achieved. Cranial morphometrics are instructive,
although they do not allow access to cognitive process.
Palaeogenetics are vital in understanding variation in
Homo at the genotypic level (for example, presence
and absence of FOXP2 variants and their relation-
ship to language acquisition), but there remains a sub-
stantial interpretive gulf between genetic organization
and neurological function. Archaeology illuminates
the end-product of certain behaviours and (ideally)
allows extrapolation back to these behaviours, but is
hindered by the vagaries of recovery and taphonomy.
Bridging behaviour, morphology, genetics and cogni-
tion is a complex task, and approaching the appear-
ance of modern types of thought must be mediated
through a mélange of probabilistic reasoning and ar-
chaeological proxies (for behaviours which are them-
selves proxies for cognitive process: Davidson 2010,
179). Taken in aggregate, this means that we cannot be
certain at exactly what point in the evolutionary his-
tory of Homo modern cognition emerged. Using cra-
nial morphometric, genetic and archaeological data in
conjunction, however, allows the definition of broad
areas of consensus.

Recognizing the principle of the fundamental re-
lationship between neurophysiology and behaviour
(Neubauer & Hublin 2012, 573–4), the cranial architec-
ture of Homo and its development is a good place from
which to begin considering the evolution of abstract,
strategic thought. The evolution of this aspect of ho-
minin morphology is illuminating, not only in gross
quantitative terms of net increase in neurocranial ca-
pacity, but also in terms of which parts of the brain are
implicated in this growth. The general, now-familiar
trend is a profound increase in brain/overall mass ra-
tio since the appearance of the Australopithecines in
the mid Pliocene. The gracile Australopithecines (Aus-
tralopithecus afarensis, A. africanus) had slightly greater
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endocranial volumes than Pan (Bailey & Geary 2009,
67–8), no more than �600 cm3 (Leigh 2012). From the
appearance of Homo, gradual increase in brain size is
evident such that H. ergaster/erectus displays volumes
of 800–1000 cm3 (although exhibiting considerable
variability, perhaps unsurprising given the spatial and
temporal persistence of this species, or collection of
subspecies: Broadfield et al. 2001; Rightmire 2004); ar-
chaic H. sapiens averages 1250 cm3, and in this overlaps
with heidelbergensis (Conroy et al. 2000; Stringer 2012).
Neanderthals and Moderns are broadly comparable
to each other, occupying ranges from 1400–1600 cm3

(see Holloway et al. 2004).
Big brains, getting bigger, have been a feature

of our genus since its appearance, but this pro-
cess has neither affected the brain uniformly, nor
been constant.3 First, the majority of mass growth
(rather than new neural connections) has been re-
stricted to the forebrain, and in particular the neocor-
tex (Neubauer & Hublin 2012), which has expanded
throughout the evolution of Homo. Second, trajectories
of brain growth during the life histories of members
of the species which comprise this genus diverge. Co-
queugniot et al. (2004), working with neonate cranial
data in Javan erectus, chart postnatal cranial growth
which does not parallel similar growth in Moderns,
but, rather, more closely follows juvenile develop-
ment in Pan, suggesting that cranial architecture in
erectus reached its adult form relatively earlier than in
AMH (with probable implications for intensiveness of
regimes of postnatal care). Gunz et al. (2012) delineate
similar differences between neanderthalensis and Mod-
erns. Undertaking metric studies of 10 Neanderthal
newborns (including the complete Le Moustier 2
and Mezmaiskaya specimens), they demonstrate pro-
nounced morphological differences between these ex-
amples and AMH parallels at a period crucial for cog-
nitive development, with neanderthalensis achieving
the characteristic ‘elongated’ form very early in life.
By contrast, uniquely extended juvenility (and asso-
ciated ongoing change in brain morphology: Kuzawa
et al. 2014) in AMH seems to date to �160,000 years
ago, on the strength of the evidence from Jebel Irhoud
(Smith et al. 2007). Pearce et al. (2013), considering ma-
ture neanderthalensis specimens, argue that the greatly
increased size of the visual system in Neanderthals
provides a false impression of endocranial capacity, in
that proportionally more space would be devoted to
the housing of this system. Consequently, the overlap
in cranial mass between neanderthalensis and Moderns
should not be read as passively reflecting comparable
neural process. We should not lose sight of general
parallels in cranial development, especially between
Neanderthals and our own species (Leigh 2012), but

it remains the case that pathways to and final form of
adult brain architecture were different between at least
three species of hominin, with enormous and proba-
bly unique investment of energy in post-natal neural
development characterizing our species (Kuzawa et al.
2014; Neubauer & Hublin 2012).

Neurocrania with subtly different volumes and
shapes might, reasonably, be supposed variably to
permit certain types of cognitive process and restrict
others. Variability between the cortical organization
of more and less archaic hominins, and particularly
trajectories of encephalization, is then of consider-
able interest in exploring likely behavioural variabil-
ity. This is especially relevant in the context of studies
(Coolidge & Wynn 2001; 2005), conducted on Mod-
erns, suggesting a possible relationship between dam-
age to the neocortex and altered capacities to under-
take certain types of cognitive activity associated with
strategic thought. Physiological studies aside, archae-
ological proxies—discussed below—suggest that en-
cephalization correlates positively with increasingly
elaborate behaviours over time, although this rela-
tionship is certainly not linear.

Locating the appearance of complex types of be-
haviour which might reflect complex types of cogni-
tive process is a matter made difficult by competing
definitions of complexity; there is, accordingly, sub-
stantial debate regarding the timing of the appearance
of the suite of complex behaviours and material cul-
ture types which index ‘modern behaviour’. Along
a spectrum of arguments, there exist three general
schools of thought; firstly, that complex behaviours
implying strategic or abstract thought should be un-
derstood as a late watershed in only our species,
coincident with the first extra-African dispersals of
Moderns and appearance of ‘symbolic’ material cul-
ture �70,000–50,000 years ago; secondly, that the key
timeframe is rather 200,000–50,000 years ago, with
neanderthalensis also capable of parallel types of be-
haviour or cognition; or, thirdly, that such complexity
has a deep origin of over 200,000 years ago (d’Errico &
Stringer 2011; McBrearty & Brooks 2000; Shultz et al.
2012). The nature of the emergence of such behaviours,
and in particular whether a gradualist or threshold
model is more appropriate, is also contentious (e.g.,
Gowlett et al. 2012; Heyes 2012; Nowell 2010, 441–
2). The question of language emergence and of so-
cial organization is entangled with this debate. While
in the current discussion it is preferable to deal with
these three issues separately for the sake of clarity,
this may artificially distinguish between what may
be aspects of the same social and somatic evolution-
ary dynamics; yet, however the data are approached,
they are suggestive of a series of key moments in
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cognitive-organizational evolution which have a bear-
ing on the question addressed in this paper.

Technological development and adaptation during the
evolution of Homo
Tool-use is evolutionarily ancient in the Hominidae
and the primates more widely, present in both our
nearer and more distant relatives (Shumaker et al.
2011, 73–203). Complex tool manufacture and tech-
nological adaptation to the environment more gen-
erally emerge, by contrast, subsequent to our diver-
gence from Pan. Such adaptations include technolo-
gies which contain composite or additive components
(rather than being simply reductive in nature), tool-
construction which implies multi-component and
multi-individual behaviours, and manipulation of the
environment (or ‘niche construction’: Wadley 2013).
Technologically complex behaviour is clearly not lim-
ited to purely functionally adaptive material culture,
however. Artefacts associated with behaviour which
seems at first blush to lack an adaptive component
(symbolic or ‘ritual’ behaviour) also fall into this cat-
egory.

There is a disconnect between the steepening en-
cephalization quotients witnessed with the appear-
ance of habilis and ergaster/erectus4 2.2–1.8 million
years ago (Rightmire 2004) and the appearance of
complex tools and technologies (Gamble et al. 2011).
The technological (and by extension behavioural) con-
servatism of the Oldowan and Acheulean industries,
whilst its extent is debatable, is suggestive of no fun-
damental structural change in the relationship be-
tween cognition, technology and adaptive behaviours
simultaneous with the first appearance of big-brained
hominins. This again underscores that we should not
treat the relationship between encephalization and
complexity in cognitive, social and behavioural con-
texts as a solely linear one; instead, the sudden ap-
pearance of more complex technologies (and arguably
more elaborate forms of social organization) at 0.6–0.4
million years ago may suggest that, rather than con-
stant change, a punctuated-equilibrium model may be
more appropriate than a gradualist model. In recent
treatments of the problem of the emergence of mod-
ern behaviour, this disjunct between essentially lin-
ear growth in neurocranial size and highly non-linear
growth in extrasomatic complexity has been built into
a robust steps vs gradients model (Gamble et al. 2011;
Gowlett et al. 2012).

Focusing on discrete elements of technological
adaptation and behaviour, Haidle (2010) and Lom-
bard & Haidle (2012) identify a sudden and pro-
nounced change at �0.4 million years ago. The
Schöningen spears inevitably loom large in this dis-

cussion as evidence of high-latitude active hunt-
ing of protein-rich megafauna, probably by heidel-
bergensis. It is hard to reconstruct hunt dynamics
from such limited data, but targeting live Pleistocene
Eurasian megafauna implies relatively high levels of
cooperation and coordination, especially if the be-
haviours of comparable high-latitude fauna when
faced with predation hint at the inherent dangers.5

The Schöningen spears themselves are not represen-
tative of composite or additive technologies, how-
ever. Composite-additive (rather than simply reduc-
tive; i.e., biface manufacture) technologies appear in
the archaeological record from �300,000 years ago
(Ambrose 2010, 138–40). The first evidence for haft-
ing appears �280,000 years ago (Barham 2002), poten-
tially demonstrative of new ways of conceiving ma-
terials and components that in isolation have limited
functionality. The actual method of hunting, however,
probably remained approximately consistent over this
period; patterns of trauma from Neanderthals sug-
gest that hunting in this species was probably at close
range (Berger & Trinkaus 1995), and this may be ex-
tended back to heidelbergensis (and possibly to archaic
sapiens). By contrast, definitive evidence for the use of
composite projectiles is very late; Shea (2006) would
place it �40,000 years ago. The controlled exploitation
of fire is a parallel environmental adaptation that per-
mitted expansion into new, seasonally variable niches,
albeit one much harder to trace in the archaeolog-
ical record. Twomey (2013), reviewing the evidence
for such exploitation, argues that this behaviour ap-
pears to date from as early as 0.7 million years ago
(and conceivably earlier); the main problem with these
very early dates is the paucity of the evidence and es-
tablishing criteria for controlled use. Dates reported
by Glikson (2013, 90) for the Lower Palaeolithic are,
as he notes, controversial; more secure evidence be-
comes increasingly common between 0.6 and 0.2 mil-
lion years ago, and prolific from �125,000. This is un-
surprisingly coincident with the presence of hominins
in higher latitudes during glacials.

The question of ‘symbolic’ behaviours is more
problematic, in terms both of defining such a be-
haviour and of clarifying the extent to which ‘sym-
boling’ is indicative of the capacity to construct ab-
stract, possible-world scenarios (d’Errico & Stringer
2011, 1064–6)—clearly of key importance in this dis-
cussion. Large amounts of qualitatively distinct data
have been marshalled in favour of arguments for the
emergence of behaviour of this type, including but
not limited to cave and rock ‘art’ (recognizing the im-
mense load this term bears), funerary ritual, portable
non-functional objects and personal adornment,
and potentially items which have been otherwise
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interpreted as primarily functional (such as Large Cut-
ting Tools). There are several ways of dividing and
subdividing this varied corpus (e.g., Gowlett et al.
2012; Rossano 2010), and similarly diverse sets of the-
oretical frameworks exist to approach symbolic be-
haviour and its relationship to cognitive dynamics.
Yet however the data are approached, the dates for the
appearance of this type of activity are comparatively
late. This behaviour seems entirely restricted to 0.5
million years ago onwards, and perhaps—depending
on definitions—entirely after 100,000, when the sheer
frequency of artefacts usually associated with sym-
bolic behaviours increases in dated contexts.

The appearance of complex (i.e., multi-stage,
multi-material, composite) technologies and material
culture which might be interpreted as symbolic is
late in contrast to the upswing of neurocranial size
in Homo. This has two implications which are perti-
nent in the current discussion. First, we might reason-
ably expect similar complex technologies for which
we have no direct evidence—such as raft or boat con-
struction and navigation—to appear similarly late.

Second, the cognitive framework which enables
these technologies—one which permits recognition of
a preferable theoretical future state which might only
be achieved by focused and short-term maladaptive
behaviour in the present—seems not to emerge in
linear relationship with cranial capacity. While nar-
ratives of sudden enlightenment should be viewed
sceptically (d’Errico & Stringer 2011), this may be
suggestive of the use of threshold models in under-
standing the appearance of behavioural modernity.
Exploring this fully is beyond the remit of this paper,
but the possibility that the technological-behavioural
florescence of the Middle-Upper Palaeolithic derives
from a deeper cognitive unfolding, as the forebrain
achieved a critical size and architectural arrangement,
is intriguing. From this perspective, we should on bal-
ance assume the type of cognitive framework which
enables maritime colonization to post-date this flores-
cence. This is borne out by considering evidence for
the emergence of abstract language and more complex
forms of social organization.

The evolution of language
Language, comparable to the type that exists in our
own species, is strongly associated in the literature
with behavioural modernity, and is arguably an es-
sential component of larger social units and their
more complex inter-personal dynamics. Elaborate vo-
cal and non-vocal communication is evident across
primates, but the somatic and cognitive capacity for
abstract, syntactical language used almost ubiqui-
tously in group interactions seems to be restricted to

Moderns (Reuland 2010; Sterelny 2012). Considering
the role of language of this type in facilitating com-
plex, multi-individual behaviours, we should con-
sider some sort of linguistic ability parallel (although
not necessarily isomorphic) to our own to be a nec-
essary condition for trans-oceanic seagoing. Informed
assessments regarding the point of the appearance of
language in Homo are, then, significant.

The chief limitation in making such assessments
derives from the fact that language leaves no obvious
archaeological correlates. A more grounded position
from which to begin involves the physiological me-
chanics of speech but here, too, there is contention.
Lieberman (2007a, b) would place the appearance of
the necessary laryngeal and epiglottal structure rather
late in hominin evolution, associated with AMH. Boë
et al. (2007), by contrast, argue that the mechanical ca-
pacity to articulate the full range of sounds with which
we are familiar was also present in Neanderthals. If
this were the case, we might expect these mechanics
to obtain also in the most recent common ancestor,
heidelbergensis (here, as elsewhere, limited fossil data
sets and varied methods of computation may con-
spire to produce divergent results; Barney et al. 2012).
In that regard, Martinez et al. (2012) suggest that the
Atapuerca heidelbergensis individuals were capable of
speech, based on their reconstruction of aural dynam-
ics in the cranium, and on the similarity of the size of
the vocal tract to Neanderthal equivalents. This rather
tendentious argumentation is only persuasive, how-
ever, if it is accepted that neanderthalensis possessed
language capability comparable to our own, rather
than just the capacity for complex and varied vocal-
izations.

Simple structural configuration enabling such
vocalizations does not, however, equate to language
capacity at a cognitive level, the emergence of which
is strongly associated with various types of brain mor-
phology. Particularly important seems to be prefrontal
growth in Broca’s Area, damage to which (in Mod-
erns) can inhibit both language and praxis. The evo-
lutionary history of and long-term structural changes
in Broca’s Area are not immediately clear, however
(Balzeu et al. 2014), and again we are left with the inter-
pretive leap between neural architecture and cognitive
process. More productive may be a focus on genetics.
The gene FOXP2 appears to relate to language capac-
ity in our own species and vocalizations in others;
as with Broca’s Area, absence of function in FOXP2
seems to inhibit language development in Moderns
(e.g., Varga-Khadem et al. 1995) and some other verte-
brates. It is less likely that the gene is directly respon-
sible for this capacity, however, and more probable
that it instead enables certain patterns of neural and
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synaptic organization associated with types of cog-
nitive process of which language is one (see Fisher
& Scharff 2009). FOXP2 is common to mammals, but
the form expressed in Moderns is a relatively recent
evolutionary development. How recent is exempli-
fied by research which suggests key differences in the
structure of the gene between a sample of AMH and
of Iberian neanderthalensis (Maricic et al. 2012); more
specifically, the presence in Moderns of transcription
factor POU3F2, which appears to be implicated in the
functioning of FOXP2, and its absence in the Nean-
derthal sample.

Approaching the genetic, morphometric and cir-
cumstantial archaeological data holistically, Shultz
et al. (2012, 2137–8) argue for fully modern language
from 100,000 years ago; d’Errico & Stringer (2011), tak-
ing a similarly broad view, opt for 200,000 onwards.
Again, the relevance in the immediate context is not in
delineating points of disagreement, but rather broad
overlap. The emergence of language as we know it in
our own species (abstract, ubiquitous, vital as a tool
for social mediation) between 200–50,000 years ago
would find broad support, closely associated with ar-
chaic sapiens and AMH. Some researchers would push
this capacity further, perhaps to 0.6 million years ago
and heidelbergensis. Beyond this, however, there is lit-
tle genetic, palaeoanthropological, or archaeological
data to imply the existence of language sensu stricto
(contrary to Runnels 2014b, 274) in archaic hominins.

Group size, cooperative behaviours and hominin social
organization
Punctuated-equilibrium type trajectories also seem to
characterize the evolution of social organization in
Homo, but again a brief and recent window of evolu-
tionary time, 300–50,000 years ago, seems to be vital
in terms of the nature of hominin group structure. In
part, we are limited in our capacity to reconstruct so-
cial organization in that archaeological proxies must
be used—often, by virtue of the wider interest in the
emergence of modern behaviour, the same proxies
used in arguments about symbolic material culture
and behaviour, and consequently abstract thought. In-
deed, the capacity for Homo to attain group sizes not
seen in other primates is occasionally argued to ac-
company both the development of abstract language
and thought (Ambrose 2010). The potential for group
size increase, encephalization and the emergence of
complex vocalization and ultimately language as so-
cial binding agents to be mutually reinforcing pro-
cesses has been noted (Barrett et al. 2012; Dunbar 2012;
Dunbar & Schulz 2007; Frith 2012).

Dunbar (2012), using cranial data and extrapolat-
ing from patterning in other primates, argues for Aus-

tralopithecine and ergaster/erectus mean group sizes to
cluster under 100 individuals; projected values for ar-
chaic sapiens, Neanderthals and Moderns range from
100 to slightly under 200, clustering around Dunbar’s
Number of �150. Gamble et al. (2011) also propose
very divergent group sizes for members of Homo, with
a pronounced disjunction between erectus and more
modern species. Drawing on varied sources of data,
including dietary evidence, cranial metrics, environ-
mental considerations and ethnographic data, Lay-
ton et al. (2012) suggest that forms of social organiza-
tion approximating those of hunter-gatherer groups
in the ethnographic present characterized Homo hei-
delbergensis; in this, their findings correspond closely
with Gamble et al. and Dunbar, with deep evolution-
ary roots resulting in a socially transformative mo-
ment around 0.3 million years ago.

Clearly, group size simultaneously forecloses on
some types of behaviour and permits others, but mod-
elling the substantive difference in dynamics between
larger and smaller bands is complicated. It is certainly
conceivable that more complex cognitive processes
may be vital in holding together larger, multi-family
units with potentially competing kin groups. Rec-
ognizing and building appropriate responses to the
socially-sanctioned demands of peers is probably a vi-
tal inhibitor to fissile tendencies. Robalino & Robson
(2012) develop this to suggest that abstract language
and capacity for abstract thought (and consequently
theory of mind) may have existed in a feedback relation-
ship, driving up group sizes while mitigating stresses
which accompany larger group size in other primates;
this is beyond the present purview, however. What is
relevant is attempting to model better the relation-
ship between group size and demographic viability.
While it is evident that, all other variables being equal,
a larger population will be more viable in the long
term than a smaller population, greater exposure to
stochastic effects towards the smaller end of the spec-
trum of population sizes suggests that viability does
not decrease in a linear manner with size (Demetrius
et al. 2004); for example, a population of 50 is probably
more than twice as exposed to stochastic annihilation
(via the ‘Drunkard’s Walk’: de Queiroz 2014, 235–6)
than a population of 100.

In the context of an increasing steepness in
growth of group size as we move into the Middle
Palaeolithic, the logic of demographic viability sug-
gests that evolutionarily recent members of Homo
would be more effective island colonists than archaic
species in the genus. Even if it were possible to recon-
struct a viable minimum size of colonizing population
in Moderns, it would be challenging to extrapolate this
back to more archaic hominins, not least because of
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different postnatal trajectories of growth in Homo and
implied reproduction rates. That said, as a collection of
K-selected species, there probably exists a minimum
viable population size for hominins (and hominids
more widely) below which odds of localized extinc-
tion increase exponentially, and it is conceivable that
Australopithecines, with mean group sizes perhaps
no larger than 40, exemplify these thresholds. Early
members of Homo probably congregated in groups on
the cusp of demographic viability when isolated from
the wider metacommunity, although thereby becom-
ing exposed to genetic drift (the speciation of floresien-
sis, if it is indeed a distinct species of hominin, from a
larger-bodied ancestor is relevant here: now Dennell
et al. 2014). This would assume a complete group or
band of early hominins involved in a trans-oceanic
colonization event, however—a very hard scenario to
envisage in terms of motivation and dynamics. If, in-
stead, we imagine demographically viable subsets of
groups undertaking maritime dispersal after a fission
event, we probably restrict ourselves to archaic sapi-
ens, AMH and neanderthalensis.

Modelling group dynamics and size ranges for
hominins is challenging. Informed model-building
may suggest, however, that only recently have mean
group sizes emerged in Homo which would gener-
ate colonizing groups suitably substantial to be insu-
lated from the dangerous stochastic lurches of small
populations. The period 300–50,000 years ago would
appear to be crucial; group sizes of up to 150 indi-
viduals in Neanderthals and Moderns would have far
better chances of survival in isolated insular contexts
in contrast to groups of archaic hominins, comprised
perhaps of fewer than 100 individuals.

The emergence of modern behaviour and
patterning in strategic maritime dispersal

It is not clear when modern forms of abstract thought
and the capacity to model non-actual states devel-
oped; similarly, it is not clear when spoken language
capable of conveying such thoughts, or social groups
capable of acting on such models, appeared. Yet it is
possible, on the basis of a series of datasets, to make
reasonably secure claims about temporal windows in
which these capacities probably emerged in Homo.
This is represented in Figure 2. Isolated instances of
behaviour which, in the broader context of technolog-
ical conservatism, seem irrepressibly more modern-
like appear from around 0.6 million years ago. It is
around 0.6–0.3 million years ago that the first claims
for something approximating language in its current
form are also made, although, depending on the im-
portance of FOXP2 in regulating neuron growth, lan-

guage as we know it may we be considerably later.
This is coincident with technological developments,
expansion into higher latitudes and an upswing in
group sizes associated with the appearance of Homo
heidelbergensis (Gamble et al.’s 2011 ‘second move-
ment’).

After 300,000 years ago, claims for the first sym-
bolic behaviour might reasonably be made, along-
side evidence for composite-additive technologies, in-
creasing deliberate use of fire, and contentious evi-
dence for Neanderthal laryngeal structures capable of
reproducing the gamut of modern vocalizations. Yet it
is only 70–50,000 years ago that flashes of modernity
cluster into a bright continuum: the expansion of our
own species across the breadth of Eurasia, including
environmental niches which had hitherto resisted ho-
minin exploitation; consistent and demonstrable use
of composite and projectile technologies to achieve
this exploitation; and the marking of this expansion
with material symbols and abstractions. This is also
the point at which the genetic elements that seem to
permit the cognitive processes which underlie lan-
guage are evident in our own species, coincident with
modern throat morphology (Lieberman 2007a).

This reiteration of a well-established trend may
seem potentially banal, but the central lesson is sig-
nificant and has been overlooked in the recent liter-
ature on maritime hominin dispersal: we should ex-
pect complex behaviours, such as strategic maritime
dispersal, to cluster on the right side of the spectrum
of encephalization in hominins. Trans-oceanic colo-
nization in Moderns should be unsurprising; in Aus-
tralopithecines, extraordinarily surprising. For the
species which lie between, it should range from possi-
ble (neanderthalensis) to improbable (ergaster/erectus).
This expectation correlates with wider trajectories
of behavioural complexity: neither fully sudden and
late, nor gradual and linear, but rather accelerating
throughout the second half of the Pleistocene. This, in
turn, tracks increasing capacity for behavioural plas-
ticity in hominins through the Quaternary; the ability
to adopt new sets of strategies in the face of novel types
of environment is probably adaptive, accounting for
increased dispersal capacity and environmental toler-
ance in each species of hominin to emerge from Africa.

How does this model—J-curved behavioural
complexity in Homo—fit with instances of trans-
oceanic dispersal in the genus? The answer depends
to some extent on which data are considered to
be admissible examples of maritime dispersal; be-
cause of disagreements over relative dating, and
paucity of absolute dates, this will remain controver-
sial (cf. Broodbank 2014; Phoca-Cosmetatou & Rabett
2014a; Runnels 2014b). In general, however, possible
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Figure 2. Correspondence between increasing mean hominid and hominin group size (after Dunbar 2012, fig. 7,
reproduced by permission) and various technological and social markers of behavioural modernity.

maritime dispersal events are extremely rare prior to
the Late Pleistocene, from �126,000 years ago. The ear-
liest material from Flores—concerns over the status of
the later Liang Bua fossils notwithstanding—has good
Lower Palaeolithic credentials, dated to 1.02 million
years ago (Brumm et al. 2010), and is consequently
an outlier. The controversial material from Crete, its
satellite Gavdos, and Melos are also claimed to have a
Lower Palaeolithic origin (Runnels 2014a), but the ab-
sence of radiometric dates from sealed deposits makes
any tighter chronological focus impossible. Chipped
stone tools allegedly adhering to a Mousterian tradi-
tion derive from the Ionian Islands and Naxos (Carter
et al. 2014; Ferentinos et al. 2012), but, as the researchers
in question indicate, the Middle Palaeolithic straddles
glacials as well as interstadials, during which periods
it is not clear how remote these islands (or their larger

predecessors) would have been. This, however, is the
bulk of the Early and Middle Pleistocene data; archaic
Homo appears to have made it no deeper into Sahul
than Flores, and the Mediterranean isolates remained
out of reach, as did the islands in the northwest Pacific
and oceanic isolates in the Indian and North Atlantic
oceans. It is only after 50,000 years ago (see discus-
sion in Leppard 2014b) that securely dated instances
of maritime dispersal begin to cluster more densely,
with tentative steps to continental shelf islands dur-
ing the Upper Palaeolithic giving way to dispersal to
truly oceanic islands in the Holocene.

The temporal distribution of these data is plot-
ted in Figure 3, on a logarithmic scale against prob-
able maritime distance crossed during colonization,
and against proxy evidence for behavioural moder-
nity. The patterning is quite distinct; correspondence
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Figure 3. Bivariate plot of definite (and contentious) maritime dispersal events on a logarithmic scale against the
approximate distance from most likely point of colonization. Plotted below for comparison are various technological and
social markers of behavioural modernity, and persistence of hominin species.

between density of (increasingly long-distance) dis-
persal events in the Upper Palaeolithic and the late
takeoff of data suggestive of modern patterns of cog-
nition is striking; this conclusion is also arrived at
by Anderson (2010). The fact that instances of trans-
oceanic voyaging seem in fact to cluster in this fashion
should reassure us that there is indeed some sort of
meaningful, potentially causal relationship between
brain size, cognitive capacity and strategic maritime
behavior. As with the evidence for increasingly com-

plex behaviour and thought, there are some isolated
Middle Palaeolithic outliers, but the vast majority of
maritime dispersal in Homo is late, and associated with
Moderns.

The Flores data constitute an outlier in Figure 3,
very suggestive of a precociously early maritime dis-
persal event probably associated with erectus, or sim-
ilar. It must be recognized that the status of this crea-
ture remains contentious; despite attempts to find con-
sensus (Aiello 2010), and arguments that nanism in
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floresiensis is within the bounds expected of an ar-
chaic hominin undergoing a process of insular dwarf-
ing (Bromham & Cardillo 2007), suggestions that the
Liang Bua fossils represent pathological Moderns con-
tinue to be made (e.g., Henneberg et al. 2014). It is not
the goal of this paper to contribute to this debate. Suf-
fice it to say that, if the Flores hominin is an example
of insular endemism in Homo derived from the colo-
nization of the Lesser Sundas by an archaic hominin
associated with the Wolo Sege and Mata Menge sites,
the key to reconciling this colonization with the ar-
gument developed here is interpreting the dwarfism
of floresiensis as deriving from genetic drift in a small
founder population, followed by continued reproduc-
tive isolation over evolutionary time (with peculiarly
insular ecological pressures promoting nanism in this
as in other medium- and large-bodied vertebrates). As
Dennell et al. (2014) note, the most parsimonious ex-
planation of such isolation is that initial dispersal was
passive, not deliberate. The inherent statistical unlike-
lihood of passive maritime dispersal in large primates
may then account for why this process was not re-
peated elsewhere in Eurasia; the current uniqueness
of the Flores example in and of itself provides good
reason to suppose that archaic hominins were not
undertaking strategic dispersal, and passive ‘sweep-
stake’ dispersal should be built into larger models of
hominin global colonization (Leppard in press).

Conclusions

Because strategic maritime dispersal is so ubiquitous
in our own species, we run the risk of projecting this
capacity back into deep evolutionary time without
considering the claims tacitly being made in doing
so about how more archaic hominins behaved and
thought (Broodbank 2014). When the necessary tech-
nological, organizational and, above all, cognitive de-
mands of successful trans-oceanic colonization are
explicated clearly, however, its enormous complex-
ity becomes evident. It is reasonable to suppose both
that this complex behaviour may have an evolution-
ary relationship with other comparably complex be-
haviours (including abstract thought about potential
states of being, composite-additive technologies, and
creation of ‘symbolic’ material culture), and that be-
haviour of this type is underlain by a certain neuro-
physiological architecture.

When, in the evolution of hominins, is this
most likely to have occurred? There is a disconnec-
tion between the increase in encephalization quo-
tients and behavioural-technological conservatism in
early Homo. The later Lower and early Middle Palae-
olithic (�0.6–0.3 million years ago) by contrast wit-

nesses technological variation, expansion into more
challenging environmental niches and a cranial mor-
phology much more comparable to our own, but
evidence for behavioural modernity (averaging def-
initions) is still sparse. The period 300–50,000 years
ago, and especially the end of this window, seems
to be vital for composite technologies, large group
size and organization, symbolic material culture and
the genetic and morphological framework for lan-
guage finding a form which is recognizably modern.
It is the contention of this paper that the sudden up-
swing in well-attested instances of deliberate mar-
itime dispersal after �50,000 years ago is no coinci-
dence, but is causally related to this emergence: specif-
ically, such dispersal—as an example of behavioural
plasticity—is an adaptive behaviour enabled by the
evolution of modern patterns of cognition and social
organization.

There are patchy, outlying data which predate
this sudden burst of maritime dispersal activity. Mar-
itime dispersal events which are evolutionarily an-
cient are extremely rare, with only the crossing of the
Lombok Strait supported by radiometric dates. As the
species implicated in such events (ergaster/erectus and
preceding forms) are considered extremely unlikely to
have possessed the cognitive and social frameworks
necessary to facilitate strategic maritime dispersal,
these events should perhaps be better understood as
outcomes of passive dispersal (Dennell et al. 2014; Lep-
pard in press). That such events appear to have been
extraordinarily rare makes this scenario more plausi-
ble.

Middle Palaeolithic data are more problematic
than the Lower Palaeolithic outliers. Dealing with
Mousterian surface finds from the Mediterranean
is made challenging by complexities of palaeogeo-
graphic modelling and likely variability in palaeogeo-
graphic conditions between individual glacial max-
ima. That said, with larger mean group sizes and
evidence for more complex technological behaviours
than archaic Homo, it may be possible that some
form of intentional maritime dispersal existed in ne-
anderthalensis (and potentially heidelbergensis?); con-
versely, rare passive colonization events may also be
relevant. Until further data are reported from con-
texts known to have remained insular throughout
the Pleistocene are reported, the possibility of lim-
ited Neanderthal seagoing must be considered sub ju-
dice (Broodbank 2006; 2014). While that remains the
case, extant data are strongly indicative of deliberate,
long-distance seagoing as an evolutionarily recent be-
haviour in Homo, one apparently restricted to our own
species. This suggests that the standard, rather than
the revisionist, model of hominin dispersal still retains
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the greatest efficiency in understanding the pattern
and the process of global colonization.

Notes

1. While Boivin et al. (2013) and Mellars et al. (2013) dis-
agree on the timing and nature of Homo sapiens dis-
persal, they certainly agree that directionality in such
dispersal(s) was promoted by ecological attractors and
ecogeographic barriers, of which latter oceans and seas
are the best example.

2. Analogical reasoning of this sort may be useful in
limited respects, but the genetic gulf between species
means that an accurate analogue for Lower Palaeolithic
seagoing will remain impossible. In general, more con-
sidered thought on what such experimental voyaging
is attempting to demonstrate, and acceptable episte-
mological grounds for this demonstration, is required
(Cherry & Leppard n.d.).

3. H. floresiensis is the only species of hominin which con-
travenes this trend. The likely unique evolutionary and
ecogeographic pressures exerted on this hominin (dis-
cussed in detail below) could be understood to have
overridden the otherwise general trend in non-insular
evolutionary trajectories in Homo, especially in terms
of energetic cost of encephalization in a depauperate
island environment: see Kubo et al. (2013).

4. The recent finds from Dmanisi pose a challenge to our
understanding of erectus/ergaster; specifically, whether
it is appropriate to categorize these fossils as belonging
to one species when variability within the species is
so pronounced. Until a more satisfactory classificatory
scheme can be devised, erectus/ergaster is retained as
having some definitional use.

5. Evidence for carnivory in Homo now has a greater an-
tiquity than previously supposed, but it is more proba-
ble that this derives from scavenging behaviours rather
than active hunting (Ferraro et al. 2013). This should
be understood in the context of a diet rich in ani-
mal protein and the symbiotic relationship between
encephalization and decreasing digestive system com-
plexity (Aiello & Wheeler 1995).
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