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The model of the neolithization of the western Me-
diterranean as a process of maritime pioneer coloni-
sation was initially presented in the framework of
the monographic publication of the Neolithic levels
of the Portuguese cave site of Gruta do Caldeirdo
(Zilhdio 1992a; 1993). Largely based on the Portu-
guese evidence, it tried to provide a solution for the
growing inadequacy of the competing explanatory
frameworks for the advent of agro-pastoral econo-
mies, which were developed in the 1970’s and the
1980’s:

@ slow, gradual east-west wave of advance spread
of the Neolithic package across Europe, as a result
of the demographic expansion of agriculturalist
groups (Ammerman and Cavalli-Sforza 1973;
1984; Renfrew 1987);

@ acculturation of local hunter-gatherers, who would
have gradually adopted the different elements of
the Neolithic package, once they were available.
This would have been for social or economic rea-
sons and would have taken place in a piecemeal
process, dictated by internal rhythms (Guilaine
1976; Lewthwaite 1986a; 1986b; Zvelebil 1986).

The wave of advance was refuted by accumulating
radiocarbon evidence, which demonstrated that the
spread of agro-pastoral economies along the north-
ern Mediterranean shores had been much faster than
predicted. At the rate of spread calculated by Am-
merman and Cavalli-Sforza (1984), agro-pastoral eco-
nomies would have reached the Pyrenees some time
between 5000 and 6000 BP. However, such econo-

mies were present in Portugal from at least 6300

* BP. This is shown by the accelerator radiocarbon da-

ting of sheep bones from Caldeirdo (Rowley-Conwy
1992). They may be as early as 6700 BP, as sugges-
ted by the typology of some Cardial vessels, recov-
ered at other cave sites located in the limestone
massifs of Portuguese Estremadura (Fig. 1). Data
from this European Far West thus suggested an al-
most simultaneous (at the available chronometric re-
solution) advent of the Neolithic in all the regions
located between the Languedoc and the mouth of
the river Mondego.

A simulation study published in the early 1990’s fur-
ther suggested that the wave of advance failed to ex-
plain observed demographic patterns. Modern gene-
tic data indicated to Calafell and Bertranpetit (1993)
that two very different population clusters can be di-
stinguished in Iberia. The Basque group is well sepa-
rated from the rest and possibly represents the sur-
vival of a pre-Neolithic population. The pattern of
homogeneity revealed by the gene frequencies in
the rest of Iberia would in turn be the result of the
Neolithic expansion of farming populations, origina-
ting in Catalonia and spreading southwards and
westwards. The simulation produced a map of the
first principal component of the gene frequencies
(interpreted as pre-Neolithic), which accorded with
the real data and was compatible with the archaeo-
logical evidence. Arias (1991; 1992; 1994) and Gon-
zdlez Morales (1992; 1996) consider that the neoli-
thization of the Cantabrian coastal strip is best inter-
preted as the local acquisition of novel resources by
local hunter-gatherers. The simulated distribution of
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the second principal component (interpreted as in-
dicating the consequences of the Neolithic expan-
sion), however, did not show a similar degree of ac-
cordance with the real gene frequencies. Instead of
the regular NE-SW gradient predicted by the model,
the highest frequencies recorded outside Catalonia
were found in central Portugal, not along the adja-
cent coasts of Valencia and Andalucia (Fig. 2).

Alternative acculturation models derived their ratio-
nale from the acceptance of stratigraphic and radio-
metric data, which, although not exempt of potential
criticism, seemed to indicate that the Neolithic had
not spread as a “package”, as assumed by proponents
of the wave of advance. My own evaluation of such
models had two relatively independent components.
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First, the empirical evidence was submitted to the
appropriate taphonomic filters. As a result, several
instances of radiocarbon ages and archaeological as-
sociations from sites in southern France, southern
Spain and Portugal were shown to be an artefact of
post-depositional disturbance or of the use of poor
excavation techniques. In particular, the supposed
pre-Cardial Neolithic from Andalucia and Catalonia
featuring non-Cardial impressed or undecorated ce-
ramics was shown to be an artificial construct, deri-
ved from mixed archaeostratigraphical contexts,
where the samples dated were contaminated by Pa-
laeolithic or Mesolithic material from disturbed un-
derlying levels. Thus, acculturation models seemed
to correspond to explanations of processes that had
never happened.
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With this in mind, data patterns previously unobser-
ved or unrecognised were established and descri-
bed. The main elements of the new understanding
of the empirical evidence arising out of the taphono-
mic critique of sites, stratigraphies and dates were
the following:

@ the Neolithic had indeed appeared throughout the
west Mediterranean, from the Gulf of Lions to the
mouth of the Mondego, as a complete package, in-
cluding pottery, polished stone tools, domestica-
tes (wheat, barley, sheep and goats) and a village
based way of life;

@ the earliest Neolithic settlements in the Languedoc
and westwards (in Catalonia, Valencia, Andalucia
and Portugal) were always defined by the presen-
ce of broadly similar Cardial pottery styles later re-
placed by distinctive regional epicardial varieties;

@ at the level of resolution allowed by radiocarbon
dating, this spread of Cardial farmers and shep-
herds could be described as a punctuated event,
not the outcome of a slow, regular, east-west spread
from one contiguous area to the next;

@ chronometric data combined with the distribution
of settlements indicated that, in the west coast of
Portugal, the earliest Neolithic and the latest Me-
solithic, although contemporary, were geographi-
cally segregated, the former being concentrated in
the interior limestone massifs, where no signs of
putative late Mesolithic ancestor groups were
known, and the latter around the large estuaries
of the Tagus, the Sado and the Mira rivers (Fig. 1).

In spite of the problems encountered by the wave of
advance when confronted with the empirical eviden-
ce, these patterns suggested that mechanisms which
postulated some kind of demic diffusion were still
the most capable of providing a historical and pro-
cessual framework to explain what had been going
on in those early days of European prehistory. Thus,
based on an explicit parallel with the agricultural co-
lonisation of the Pacific islands (Kirch 1984; Irwin
1992), 1 formulated a maritime pioneer colonisation
model, which assumed that the spread of the Neoli-
thic around the northern coasts of the Mediterra-
nean had not just involved the circulation of ideas,
artefacts and resources, but also that of people. In
fact, the coastal orientation of Cardial settlement,

First principal component

Simulated

Second principal component

Fig. 2. The genetic history of the Iberian Peninsula after Calafell and Bertranpetit (1993, Figs. 4-7, modi-
fied). The first principal component is interpreted by these authors as representing the pre-Neolithic
population background and the second principal component is interpreted as reflecting the consequen-
ces of Neolithic demic diffusion. Simulations were based on the assumptions of Ammerman and Cavalli-
Sforza’s wave of advance model for the spread of agro-pastoral economies across Europe. If the histori
cal significance of the second principal component was correctly interpreted, the disagreement between
simulated and real gene frequencies constitutes a refutation of the idea that such a spread was a grad-

ual, south-westwards “oil-spill” process.
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the physical geography of the regions concerned,
the rapidity with which the far-western end of the
Cardial range was attained, the enclave nature of
the earliest Neolithic of Portuguese Estremadura,
and the stylistical diversification in pottery decorati-
on that began to develop not much long after initial
settlement suggested:

@ that such a circulation had followed maritime rou-
tes;

@ that it had involved small leapfrogging pioneer
groups, which soon became isolated from each
other;

@ that situations of mosaic frontier with local hun-
ter-gatherers characterised the initial settlement
and must have entailed forms of interaction be-
tween the two;

@ that the outcome of such interactions had been
the more or less delayed assimilation of such lo-
cal hunter-gatherer groups, due to the superior
demographic potential of agricultural societies,
which, at the cost of simplifying the ecosystems,
were able to feed a lot more people per area unit
of territory than their Mesolithic neighbours.

Since its formulation, this model has been discussed
and criticised by different authors, particularly by
proponents or adherents to the acculturation hypo-
thesis. Such criticisms, formally published, orally
presented at conferences or manifested in corre-
spondence to me, have been focused around a limi-
ted number of points:

@ how to interpret patterns of presence and absen-
ce and how this affects our reading of data on sub-
sistence and settlement;

@ to what extent the evidence from Portuguese Es-
tremadura, showing a geographical segregation
of late Mesolithic and early Neolithic sites, can be
interpreted as evidence for the occupation of the
area by two different populations with different
economic systems or, instead, as evidence for sea-
sonal variability in the framework of a single set-
tlement/subsistence strategy (Whittle 1996.304),

@ how to reconcile the notion of an early Neolithic
colonisation of littoral Portugal with the osteolo-
gical evidence for biological continuity across
the Mesolithic/Neolithic boundary (Jackes et al.
1997).
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Meanwhile, new empirical data have also been pub-
lished that can be confronted with the predictions
derived from the model. In the following sections, I
will reply to criticisms and show how the evidence
accumulated since my original formulation is in
good accord with such predictions (see also Zilhdo
n.d.a; n.d.b).

THE TAPHONOMIC FILTER

This aspect of the model has proved to be the least
controversial. No reply to my demonstration of the
more than inadequate nature of the data that had
been used to substantiate the concept of a piecemeal
adoption, beginning as early as 8000 BP, of the dif-
ferent elements of the Neolithic package has yet
been offered. Reviews of my argument by different
authors have also been largely supportive.

An example of this is Whittle (7996.291), although
this author clearly would have preferred to stick to
the old version of the facts. Accordingly, he consi-
ders the school of thought expressed in my paper
and those by, among others, D. Binder (in press), as
“revisionist”, and continues to accept at face value
the sequences which I had criticised as firm eviden-
ce that “in upland rock-shelters like the Grotte Gazel
and the Abri de Dourgne in Languedoc ... pots appe-
ared later in the sequences than sheep and goats”
(Whittle 1996.308). :

Rowley-Conwy (7995) fully accepted the case made
for a beginning of the Neolithic in west Mediterra-
nean areas no earlier than ca. 6800 BP, as a com-
plete package, and with Cardial decorated pottery as
its most emblematic feature. In this paper, Rowley-
Conwy goes on to extend the application of the ta-
phonomic filter approach to the palynological and
archaeological record of Scandinavia and the British
Isles, showing that much the same problems apply
to finds and contexts traditionally interpreted as in-
dicating a precocious introduction of agriculture in
largely hunting and gathering economic systems.

Budja (1996.71) and Harris (1996.559-560, 569-
570) have also stood for the validity of the results

"derived from the application of a taphonomic filter

to the Mediterranean evidence. A further point of
agreement with Harris regards the mechanism I
had suggested of early Neolithic expansion through
the establishment of enclaves in areas that were
marginal to the local Mesolithic hunter-gatherers. He.
hypothesises that the same may apply to other parts
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of Europe — and, actually, Binder (in press) suggests
that a similar settlement dichotomy characterised
the initial Impresso Neolithic settlement of Liguria
and Provence, which is confined to territories with-
out known Castelnovian occupation. In his conclu-
ding remarks, Harris also states his support of the
view that the expansion of agro-pastoral economies
from the Balkans to central and western Europe was
a two-step punctuated process, as I had argued (Zi/-
hdo 1993.52). A similar agreement is manifested in
the same volume by Renfrew (1996.82), who repro-
duces one of my maps to illustrate the point.

More important, however, is that, in spite of Whit-
tle’s reluctance, the stratigraphic and definitional
problems that I had presented as objections to the
concept of “Mesolithic sheep” (see also Binder, in
press) are now being recognised by the authors who
first elaborated it (Guilaine 1976; Geddes 1981;
1983). In the monographic publication of the Dour-
gne rock-shelter, Guilaine (71993.456-458) discusses
the confused nature of the data reported until then
in relation to the earliest manifestations of the Neo-
lithic in the west Mediterranean and admits that the
sheep remains found in the Mesolithic levels of the
site may be related either to post-depositional distur-
bance — as regards those from level 8 — or to the
palimpsest nature of the deposits — as regards tho-
se from level 7. His preferred interpretation for the
sheep bones found in the latter would be that level
7 contains the remains of two consecutive occupati-
ons too close in time for a clear stratigraphic separa-
tion to have developed and to have been visible du-
ring excavation. Thus, with an archaeological con-
tent for the most part fully Mesolithic, level 7 would
also contain remains (the sheep bones) from the
slightly later explorations of this mountainous re-
gions by the first farmers of the Languedoc.

The application of a similar taphonomic approach to
the concept of Mesolithic horticulture also undermi-
nes dramatically the empirical basis of explanations
of the spread of the Neolithic as purely a process of
acculturation without demic diffusion. The large
amounts of seeds recovered at the southern French
cave sites of Abeurador and Fontbrégoua suggested
to some that the pre-Neolithic inhabitants of the Me-
diterranean shores were heavily dependent on plant
gathering and, as such, pre-adapted to agriculture.
Therefore, they were ready to adopt it at their own
initiative as soon as it became available through long
distance exchange systems. However, as Binder
(1989; in press) has shown, humans were not re-
sponsible for those seed accumulations. Instead, as

proved by analyses of soil micromorphology carried
by J. Wattez, the seeds, which for the most part be-
longed to inedible or toxic species, were contained
in phosphate rich, culturally sterile, lenticular depo-
sits made up of the faeces of granivora birds, most-
ly pigeon, whose bone remains also abounded in
those deposits.

ABSENCE OF EVIDENCE
AND EVIDENCE OF ABSENCE

Although no direct evidence of agriculture (such as
charred cereal grains) dated to the earliest Neolithic
has yet been found in Portugal, my model assumes
that the people who lived in the interior limestone
massif of Estremadura and buried their dead in ca-
ves, associated with Cardial pottery and sheep bo-
nes, were agriculturalists. The model also assumes
that these first agriculturalists would have lived in
open air settlements around the Mediterranean, in
spite of the fact that the large majority of known
early Neolithic sites are caves or rock-shelters, with
villages becoming the norm only from the middle
Neolithic onwards. Thus, the absence of evidence in
these two cases was not considered to be a genuine
reflection of the past, but, instead, to be related to
the incomplete nature of the archaeological record.
At the same time, however, my model is based on
the consideration as genuine of two other absences:
that of late Mesolithic sites that could represent the
local ancestors of the Cardial settlement of the inte-
rior limestone regions of Estremadura and that of
any archaeological sites dated to the period betwe-
en 10000 and 6000 BP in the Iberian hinterland (the
Spanish Meseta and adjacent regions of Portugal).

It could be argued, therefore, that the model is crip-
pled by a logical inconsistency: the biased interpre-
tation of the patterns of presence/absence — accept-
ed when they favour the argument, absences are re-
jected when they contradict it. This is an important
methodological issue, so I will discuss at some length
why this “double standard”, this “trying to have it
both ways”, so to speak, is entirely legitimate.

At the heart of this problem lies the empirical fact
that the archaeological record is always incomplete
and what is recorded from a given period or cultu-
re varies according to activities, preservation, etc.
Thus, archaeologists are permanently faced with the
need to interpret the absence of certain categories
of data from a given site of a given culture/period.
Let us suppose, for the sake of the argument, that,
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when digging a medieval English settlement, we find
no direct evidence of agriculture (i.e., cereal seeds).
What interpretation would be more legitimate: that
the absence was due to preservation or some other
factor, such as, for instance, the site being a military
outpost where soldiers lived for a few months from
hunting and acorn collection; or that the absence
was due to the fact that medieval England lacked
agriculture?

I would be surprised if any educated person would
even hesitate in the answer to such a question. How
then does this example translate into the Portugue-
se early Neolithic situation? Clearly, in this case, the
answer should vary according to what are consid-
ered to be legitimate expectations in the face of our
current knowledge of the time period and the regi-
on under consideration. Given that the earliest Neo-
lithic package contains cereal agriculture everywhe-
re in the west Mediterranean, it would seem that the
most legitimate expectation is that cereal agriculture
was also present in Portugal, but that wheat and ba-
rley seeds have not yet been recovered in the earli-
est Neolithic. This is a result of the very small num-
ber of sites known, their nature (mostly cave buri-
als), the preservation biases (open air sites on acid
sand dunes) and the poor way most of them were
excavated. This is the answer I prefer, although I am
aware of the fact that this answer assumes a certain
number of definitions as to what the Cardial pheno-
menon represents.

In any scientific discipline that deals with the past,
interpretation/modelling/explanation requires the
making of precisely these kinds of choices, based on
expectations derived from the current knowledge of
that past: in some situations, absences must be con-
sidered as genuine and historically significant and,
in other, as apparent and related to the operation of
some kind of bias. Distinguishing between the two
will always be the bread and butter of archaeology,
palaeontology, astronomy, etc., fields in which the fa-
miliar motto “absence of evidence is not evidence of
absence” needs appropriate qualifications. For a sim-
ple example, consider the following statement, of a
kind very commonly found in popular creationist li-
terature: “the fact that trilobites are unknown in
post-Palaeozoic beds and dinosaurs in pre-Mesozoic
ones does not mean that their remains will not
eventually be found in such deposits” [after all, ab-
sence of evidence is not evidence of absence!].

The fact, however, is that scientists, unlike creatio-
nists, developed a methodology that deals with the
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issues regarding patterns of presence and absence in
terms of probability statements. For instance, given
our present data base of Palaeozoic and Mesozoic
deposits, the probability that trilobites and dino-
saurs were actually contemporary is so small that,
for all practical purposes, the in situ finding of their
remains in the same geological bed can be assessed
as an impossibility. Or, for an archaeological exam-
ple, the absence of cereal remains or of ceramic ves-
sels in the hundreds of Solutrean sites known does
mean that agriculture and pottery did not exist in
the Solutrean and that it can be predicted with 100%
certainty that such items will not be found in the So-
lutrean contexts eventually found and excavated in
the future.

In this regard, how do we evaluate the absence of
Mesolithic and Cardial sites from interior Portugal
and from the Spanish Meseta? The first question is
whether anybody has been looking for them and the
answer is yes. Many systematic survey projects in
both Portugal and Spain (e. g. Iglesias et al. 1996),
have consistently identified large numbers of late
early Neolithic (epicardial or impressed ware) sites
all over this vast area, as well as, particularly in Por-
tugal, fair numbers of Upper Palaeolithic sites. How-
ever, no sites of Mesolithic age, and not a single typi-
cal Cardial sherd have been found.

I have been personally involved in one of these pro-
jects, that relating to the establishment of the ar-
chaeological context of the Coa valley rock art (Zil-
hdo et al. 1997). When the discovery of the art was
announced, in November 1994, some expressed the
view that it was not Upper Palaeolithic and could
not be, as shown, in particular, by the absence of si-
tes from that period in interior Iberia (e. g. Bedna-
rik 1995). 1 immediately replied, following a line of
reasoning previously laid down in published form
(Zilhd@o 1992b): that this absence was only due to
the fact that no one had looked for them; and that
such Upper Palaeolithic settlements did exist and
would be found if an adequate survey project was
set up to that effect.

As it happened, I was challenged to do exactly that
and so found the first Upper Palaeolithic site in the
Coa valley after only twenty minutes of the first day
of field survey. Since then, the number of Upper
Palaeolithic settlement sites in the valley has risen
to ten, and many more Neolithic and Copper Age si-
tes have also been located. In spite of the fact that a
professional team of archaeologists has been syste-
matically combing the region for sites on a daily



Maritime pioneer colonisation in the Early Neolithic of the west Mediterranean. Testing the model against the evidence

basis for the last two and half years, none were
found, however, that could be attributed to the Me-
solithic or to the Cardial Neolithic. I cannot think of
any bias (formation, preservation, survey strategy)
that might explain such a repeated failure to find in
these interior regions any site dating to the period
between 10000 and 6000 BP. Probability strongly
suggests, therefore, that they are not being found
simply because they are not there, much as we are
not finding dinosaur fossils in Cambrian deposits
simply because dinosaurs did not exist that long
ago. Thus, in these cases, “absence of evidence”
should be considered, indeed, as “evidence of ab-
sence”.

Can a similar statement be made about the absence
of late Mesolithic sites in the central limestone mas-
sif of Estremadura? In this case as well, such absen-
ce cannot be attributed to a lack of survey. Between
1988 and 1995, I directed a project aimed at syste-
matically surveying the massif for prehistoric sites.
A few hundred new ones were located, some in ca-
ves, most in the open, from many different time
periods, including some (e.g. middle and late Neo-
lithic settlements, periods that until then were only
represented by burial sites) that were not known
in the previously available sample. One period, how-
ever, continues to be missing: the late Mesolithic. All
sites from this period known are located either
around the main estuaries or, in two cases (Bocas
and Forno da Telha), in the border of the Massif, at
the head of a small tributary of the Tagus. None
were found in the interior of the Massif, which, how-
ever, was shown to have been settled in the Acheu-
lian, the Middle Palaeolithic, the Upper Palaeolithic,
the early Mesolithic, all of the Neolithic and the Cop-
per, Bronze and Iron Ages. Again, it seems reason-
able to accept that, in this case, “absence of evidence”
must indeed be considered as “evidence of absence”.

Why do I take the opposite view regarding the ab-
sence of cereal remains in the few Portuguese Car-
dial sites so far known and the scarcity of village si-
tes in the early Neolithic of the west Mediterranean?
As regards the latter, and although such scarcity
was seen by some as another indication of conti-
nuity with the Mesolithic and a further example of
the piecemeal adoption of the Neolithic package by
the acculturated hunter-gatherers of the region, the
discovery of the submerged site of Leucate-Correge
(Guilaine et al. 1984) suggested a different possi-
bility: that this situation should instead be largely
attributed to differential preservation (flooding of
the coastal plains by the Flandrian transgression

must have obliterated most such sites) and preferen-
tial excavation (karstic deposits being also hugely
over-represented in the Palaeolithic and the Mesoli-
thic). If these biases were accounted for, it would
seem logical to admit as likely the hypothesis that
Cardial dwellings had been largely open air and or-
ganised as aggregates of wood huts that could only
be described as peasant villages, as documented in
the LBK cultures of Central Europe.

That, in all likelihood, such was indeed the case,
has been recently demonstrated by the now under-
water lakeside site of La Draga (Banyoles, Catalo-
nia). Tarrus ef al. (1994) describe the discovery of
posts and planks stuck in the chalk bedrock be-
neath the archaeological horizon and they report
the excavation of three stone paved platforms and
32 associated hearths. From the depth attained by
the posts they reconstruct wood structures at least
3 to 4 m high, some of which may have been grana-
ries. 93% of the animal bone fragments belong to
domesticates and enormous amounts of plant re-
mains (mostly wheat, but also barley and some le-
gumes) were recovered in hearths, dumping areas
and large ceramic vessels. Pottery is often decorated
with Cardial impressions and, besides traditional Li-
thic types (blades, borers, trapeze, polished adzes),
material culture also included a cylindrical, finely
polished marble vessel, a kind of object that, so far,
was known only in early Neolithic contexts in Eas-
tern Mediterranean areas and in southern Italy. Eight
radiocarbon dates on charcoal, cereal grain, animal
bone and wood from oak posts suggest the site was
occupied between ca. 7000 and ca. 6000 BP.

What about cereal remains? Cereal remains in Neo-
lithic sites are always rare. One could calculate, as
an exercise, from the number of Cardial Neolithic
sites in France and the percentage that have yielded
wheat or barley, the probability that cereal remains
will be found at any given Cardial Neolithic site. I
am sure that the application of that probability to
the very small-sized Portuguese sample would re-
sult in predicting that a zero number of sites with
such kinds of remains would have been found, as is
the case. Thus, so far, the absence is statistically nor-
mal and does not place the Portuguese sample out-
side the range of variability of the other west Medi-
terranean Cardial sites. Therefore, the only legiti-
mate interpretation of this absence is that it results
from our incomplete knowledge of the past, not that
it is a feature of that past; put another way, that, in
this case, “absence of evidence” is not “evidence of
absence”. If, as the number of sites increases, the ab-
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sence continues to persist, then a problem exists and
our attitude towards what qualifies as a legitimate
expectation may have to change. For the moment,
however, I find the prediction that, in littoral Portu-
gal, cereal remains will eventually be found in asso-
ciation with Cardial pottery, as soon as the appropri-
ate kind of site is found and properly excavated,
much less riskier than the opposite prediction that
such remains will never be found.

Recent reports from the Buraco da Pala, a rock-shel-
ter in Trds-os-Montes, north-eastern Portugal, have
confirmed this view. Wheat and barley were recov-
ered from the base of level IV, in association with
impressed wares, polished stone tools and stone
querns. The level has yielded two radiocarbon da-
tes, which are in accord with its archaeological con-
tent (Sanches et al. 1993; Sanches 1996): 5860+30
BP (GrN-19104) and 5840+140 BP (ICEN-935). Bu-
raco da Pala, thus, physically demonstrates that ce-
real agriculture existed in the most interior region
of Portugal in later early Neolithic times. In this con-
text, my assumption that cereal agriculture was asso-
ciated with the few centuries earlier Cardial settle-
ment of the coastal regions, as it happens wherever
the relevant artefact suites are present elsewhere in
the west Mediterranean, seems entirely reasonable.

Explaining why, in pure logical terms, the “absence
of evidence” should be considered genuine in some
instances and apparent in other does not exempt us
from the obligation to provide good explanations
for the historical reasons that may lie behind the ab-
sences which we believe to be genuine. For instan-
ce, in the Portuguese argument, why would interior
Iberia have been abandoned in the early Holocene
and why would late Mesolithic people have similar-
ly abandoned the central limestone massif of Estre-
madura? A good answer for the second question re-
mains to be found, although it can at least be said
that the pattern has archaeological parallels else-
where in Europe, particularly at the time of the mid-
Holocene climatic optimum, when, in southern Scan-
dinavia, “the vast majority of Mesolithic settlement
took place along the coasts and at the mouths of ri-
ver systems (...) as the inland forests increased in
density and decreased in biomass and human popu-
lation” (Price et al. 1995.115).

As regards the early Holocene abandonment of the
Meseta and adjacent regions, a parallel also exists,
this time on the other side of the world: after many
thousands of years of occupation throughout the last
glacial period, the inland valleys of Southwest Tas-
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mania were abandoned by humans in the early Ho-
locene, when those areas were colonised by a very
dense temperate forest (Porch and Allen 1995), and
remained that way until the time of contact. In
Iberia, such an abandonment may be related to the
particular geographic and climatic characteristics of
the Peninsula. Unlike European areas north of the
Pyrenees where the Mesolithic occupation of the
hinterland is well documented, the Iberian interior
lacks important lakes and the rivers, even the lar-
gest (such as the Douro, the Tagus and the Guadi-
ana), tend to dry out in the summer. Therefore,
aquatic resources, which were critical in known Me-
solithic instances of successful settlement of main-
land Europe (as along the Danube), were subject to
periodic failure in interior Iberia. In contrast, settle-
ment before 10000 BP had been possible because,
then, the main rivers that drain the Meseta were
permanent (melting of the winter snow and of the
ice accumulated in the glaciers of surrounding moun-
tain chains kept them running throughout the dry
season) and the open steppe landscapes provided
year-round pasture for large herds of grazing ani-
mals. So, it may well be that, once forests covered
the land and the herbivore biomass was drastically
reduced, fish and other aquatic foods were not the-
re in the amount and with the reliability necessary
to compensate for such a decrease.

DIFFERENT PEOPLE OR THE SAME PEOPLE
IN DIFFERENT PLACES AT DIFFERENT TIMES?

Whittle (1996.304) recognises that, in Portugal, the
cave of Caldeirdo represents a new kind of occupa-
tion. However, he finds the interpretation that its
cardial burials represent “very occasional visits in-
land by the people of an indigenous system chang-
ing and expanding with the uptake of new opportu-
nities” more likely than the interpretation that “this
intake of the interior uplands was associated with
the arrival of people other than those of the estu-
aries, perhaps from southern Spain”. This seems to
indicate that Whittle believes in one or the other of
the two following scenarios:

® instead of a separate cultural group practising a
different subsistence economy, the Caldeirdo pe-
ople would actually be Muge people that hap-
pened to die in territories exploited occasionally,
perhaps seasonally; the produce of those territo-
ries would have played a complementary role in
a subsistence system otherwise based in the ex-
ploitation of the down river estuarine areas;
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@ although having become a separate cultural group,
the Caldeirdo people originated in Muge people
who, having obtained ovicaprids, decided to mo-
ve on to hitherto unsettled lands whose exploita-
tion was now made possible by the availability of
that newly acquired resource.

The first hypothesis, however, faces two very seri-
ous problems:

® why, in spite of being part of the same group,
would those people that happened to be buried at
Caldeirdo have a terrestrial diet, while those that
happened to be buried at Muge had an aquatic
one, as shown beyond any reasonable doubt by
paleodietary evidence (Zubell et al. 1994)?

® why, in spite of being part of the same group,
would those people that happened to be buried at
Caldeirdo have proximally flat femora, while those
that happened to be buried at Muge had round
ones, as shown by osteological evidence (Jackes
et al. 1997)?

Since the people whose skeletal remains were found
at Caldeirdo and at the partly contemporary Muge
shell-midden site of Cabeco da Arruda had different
diets and different femoral shapes, as well as diffe-
rent subsistence and burial practices and a material
culture featuring different kinds of artefacts, both in
style and in function (Zilhdo 1992a; 1993), the hy-
pothesis that the two sites represent distinct structu-
ral poses of the same adaptive system is simply un-
tenable. The second hypothesis might circumvent
these problems by postulating (1) that limb bones
are very plastic and that their shape is determined
by activities and not by genes (as argued by Jackes
et al. 1997) and (2) that the cultural and osteologi-
cal differences between Cabeco da Arruda and Cal-
deirdo would have developed very rapidly once the
groups that had left to settle the interior limestone
massif successfully adapted to a new environment
and a new way of life. This would require, however,
that the arrival of ceramics and ovicaprids to the
Muge area, whence those settlers presumably origi-
nated, pre-dated their first occurrence at Caldeirio.
The opposite is true — no ceramics and no domestic
animals have been found in the Muge Mesolithic
shell-middens, except for a few sherds in disturbed
deposits (Ferreira 1974). The latter are of epicardial
style, documenting the use of the area by agricultu-
ralists at a time when the middens had ceased to
accumulate and the local hunter-gatherer Mesolithic
adaptive systems had already become extinct.

Since the people buried at Caldeirdo and those
whose remains have been found at other cave sites
in the interior limestone massif of Estremadura (such
as Almonda) do not seem to have had local ances-
tors, cannot have been part of the contemporary es-
tuarine hunter-gatherer adaptive systems, and are
not offshoots from the latter, the inescapable conclu-
sion is that they must have had an extra-regional
origin. Which? The most parsimonious explanation
is that they came from the not very distant areas to
the east where Neolithic groups with a similar mate-
rial culture are known to be contemporary or earli-
er, such as the regions of Valencia and Andalucia, in
Mediterranean Spain.

Thus, the only alternative scenarios hitherto sugges-
ted for my interpretation of the Caldeirdo data are
directly contradicted by the empirical evidence ava-
ilable. These scenarios also face serious theoretical
difficulties. The first, is that, as convincingly shown
by several authors (e.g. Zvelebil and Rowley-Conwy
1986; Gregg 1988), early cereal agriculture was not
economically superior to European Mesolithic adap-
tations in terms of work load and long term stabili-
ty, especially when productive and reliable aquatic
resources were available, as was the case in coastal
Portugal. It is difficult to see, therefore, what might
have been the economic incentives that would have
lead the Muge Mesolithic people to adopt ovicaprids
as a supplement to their traditional hunter-fisher-ga-
therer economy.

It could be argued, however, that, in light of the ex-
planation given above for the abandonment of inte-
rior Iberia in the early Holocene, ovicaprids might ha-
ve been critical in at last making possible settlement
of those regions, which lacked reliable aquatic resour-
ces. Such an argument would have to overcome two
major hurdles. The first is that, in the late Mesolithic
of the estuarine regions of Portugal, there is no evi-
dence of the population pressure or the resource de-
pletion that might have initiated such a drive to-
wards the settlement of the interior. The second is
that hunting and gathering in the forest is ecological-
ly and economically incompatible with maintaining
domestic animals, as Rowley-Conwy (7986) convin-
cingly argued for the case of pigs. An even stronger
case can be made in the case of sheep, since these are
animals that feed on grass, a resource that does not
exist in Mediterranean woodlands: in this part of the
world, if you want grass, you have to burn the trees.

If one wanted to press the case for the Mesolithic
adoption of sheep really hard, one might hypothesi-
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se that forest management practices such as those
that created the parklands of sweet acorn-producing
oaks (known, in Portugal, as montado) which, in
the recent past, covered significant portions of the
Iberian hinterland, dated back to those times. Their
ultimate origin would lie in the introduction of ovi-
caprids into otherwise strictly hunting-gathering eco-
nomies, in the framework of which the new source
of food — later to be seconded by cereal agriculture —
played the role of providing the staple resource that
made it possible to accommodate population growth
and to expand into new areas.

Both the historical and the ethnographic records do
document the human consumption of sweet acorns
and, today, it is true that, in Portugal, cattle and sheep
graze in the pasture that grows between the monia-
do trees. However, traditionally, this landscape was
developed essentially as a system to turn acorns into
pork and, in Europe, pigs were not domesticated un-
til the end of the early Neolithic, as shown by Helmer
(1993) and Rowley-Conwy (1997). Harrison (1996)
mentions palynological data suggesting that these hu-
man-created landscapes may go back to prehistoric ti-
mes, possibly to the Neolithic, in Southwest Andalu-
cia. Palynological evidence from the coastal Alentejo
region of Portugal (Mateus and Queiros 1993.126
127), where, today, the montado is still very exten-
sive, shows the first indications of a human impact
on the climacic oak forests coinciding with the onset
of the regional Neolithic, around 6000 BP. However:

@ there is no evidence of the kinds of massive tran-
sformations necessary to produce the montado
before ca. 5400-5000 BP, that is, before the mid-
dle Neolithic, when the pine and heath lands that
covered the interfluvial sandy soils undergo signi-
ficant modification;

@ “selective deforestation with protection of the
cork-oak and the wild olive tree”, the mechanism
that created the montado productive system, did
not become a feature of regional landscapes befo-
re the late Bronze Age.

Simple consideration of the ecology of temperate
Mediterranean forests forces us to exclude, there-
fore, the hypothesis of a hunter-shepherd-gatherer
subsistence system as an explanation for Caldeirdo
and similar sites in the central limestone massif of
Portuguese Estremadura. In this part of the world, it
is either sheep and cereals or hunting and plant col-
lecting: in this case, yes, theory alone predicts that
you cannot have it both ways. As we have seen, this
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theoretical prediction is matched by the empirical da-
ta available, further reinforcing the idea that it would
be completely wrong to interpret as “evidence of ab-
sence” “the absence of evidence” for cereal agricultu-
re in the few Portuguese Cardial sites so far known.

CONTINUITY AND DISCONTINUITY
IN THE OSTEOLOGICAL RECORD

Jackes et al. (1997.647, 654) recognise that, in Por-
tugal, “there are archaeological distinctions be-
tween Mesolithic and Neolithic artefact assemblages,
burial customs and settlement patterns” but “find no
evidence for biological discontinuity amongst hu-
man groups in Portugal across the Mesolithic-Neoli-
thic transition”. In summary, while they “would not
deny the possibility of sporadic transcoastal incur-
sions from any direction around the Iberian Penin-
sula”, they think that there is “no evidence for im-
migration at the levels required to alter the gene
pool”. Their arguments rest on three kinds of results:

@ analysis of non-metrical traits in dentition (man-
dibular and maxillary molars) would show that
there is more difference between four historical
Iroquois collections from southern Ontario then
there is between Mesolithic and Neolithic Portu-
guese (Fig. 3); since the American Indian samples
comprise populations that are known to have
been culturally and biologically homogeneous,
these results would indicate genetic continuity;

@ teeth decrease in size, as shown for second lower
molars (0.c. 648), but this “was not caused by the
subsistence shift; it was the continuation of a trend
which began much earlier and which was not the
result of decreased body size (though there was
probably a concomitant shortening of the dental
arcade)” (0.c. 654);

@ analysis of limb bone morphology shows clear dif-
ferences in the sizes and in the cross-sectional sha-
pes of both tibiae and femora; the authors, how-
ever, consider that “long bones are so clearly pla-
stic that they may alter in shape without genetic
change” (0.c. 649); therefore, they consider that
these differences are related to activities, not to po-
pulation replacement at the onset of the Neolithic.

Patterning of non-metrical traits

If one accepts Jackes ef al.’s view of the southern.
Ontario data, total population replacement at the
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Mesolithic/Neolithic interface would be out of the
question. These data, therefore, might be used to re-
fute models of the transition in Mediterranean Euro-
pe as correlated with a massive input of biological-
ly distinct, external populations accompanied by ex-
tinction without descent of autochtonous Mesolithic
groups. I do not think that even the most extreme
partisans of the wave of advance explanation of the
advent of the Neolithic are suggesting processes of
that kind. In any case, as far as I am concerned, and
in order to avoid unnecessary confusion, let me re-

iterate that I do not believe that we are dealing
here with Phoenician or Greek-style processes, but
with the kinds of small scale population movements
documented in small scale prehistoric and ethnohi-
storic societies. Thus, nothing in the argument put
forward by Jackes ef al. contradicts maritime pio-
neer colonisation. Continuity at the level implied by
the patterns evidenced by them is a feature of this
model, since it postulates a proximate origin for the
colonists and the subsequent mixture of the newco-
mers with local Mesolithic groups.
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Fig. 3. Results of the cluster analysis of seven Portuguese prehistoric skeletal collections: above, using
eight non-metrical traits from dentition and limb bones and conirolling for sample size through the
application of the city block measure (after Jackes and Lubell n.d.); below, also using eight non-metri-
cal traits but all from dentition and controlling for sample size through the application of the Freeman-
Tukey transformation (after Jackes et al. 1997). Moita do Sebastidgo and Cabeco da Arruda are close-by
Mesolithic sites belonging to the Muge cluster of shell-middens, located on a left bank tributary of the
Tagus. Melides, Furninha, Casa da Moura, Feleira and Fontainhas were used as burial caves mostly in
the Late Neolithic and Copper Age periods, between ca. 4000 and ca. 5000 BP (the collections from Casa
da Moura and Furninha also contain an epicardial human bone component, probably small). The North
American samples date to late proto-historic or historic times: Maurice is Iroquois Huron, Glen Williams,
150 km to the south, is Iroquois Neutral, as is Grimsby, located another 50 km further south of Glen Wil
liams, across Lake Ontario.
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In order to make this clearer, let us consider a cou-
ple of thought experiments with the southern Onta-
rio data. The dendrograms in Fig. 3 of Jackes et al.
(1997) group the collections according to their geo-
graphic location (Jackes 1996, Fig. I): Grimsby, the
southernmost site, is always separate; in Fig. 3A,
Glen Williams, 50 km north of Grimsby, clusters with
Maurice, another 150 km further north; in Fig. 3B,
Glen Williams clusters with nearby Kleinburg. Let us
now suppose that a group of Grimsby people (Neu-
tral Iroquois) had moved to the Maurice area (Hu-
ron Iroquois), settling there and subsequently mixing
with the new neighbours. A few centuries later, if the
degree of biological difference between both groups
at start is considered not significant, how would one
identify such a “pioneer colonisation” in the osteolo-
gical record, all the more so since the mixing of the
two populations would have not increased, but re-
duced, the difference between them? Instead of a lo-
cal mixture with Neutral pioneer settlers, one can
also hypothesise a quick war followed by genocide,
causing the almost complete replacement of the lo-
cal Huron by the Neutral invaders. Even in that ex-
treme case, it might not be possible to identify the
replacement in the osteological record, given the
biological similarity between the two. As a result, so-
me students of the past might argue that no popula-
tion movements had actually taken place and that in
the time range of relevance the historical trajectory
of the Maurice area could only be described in terms
of total biological continuity. We would know, how-
ever, that such would not have been the case at all.

In historic times, Iroquois groups spread for some
800 km along a Northwest-Southeast axis (Fagan
1995). The distances involved in the west Mediterra-
nean process are not significantly larger. Therefore,
if the differences between Grimsby Neutral and Mau-
rice Huron are non-significant in genetic terms, and
if the degree of difference between any two Iroquois-
speaking groups of North America is found not to be
significantly higher than in this example, why should
we expect the situation to be different in the prehi-
storic west Mediterranean? Clearly, if the degree of
biological heterogeneity in the late Mesolithic groups
of the region was not higher than among historical
Iroquois, then the chances are that no osteologi-
cally meaningful differences would exist between
Mesolithic and Neolithic Portuguese populations,
even if the introduction of agriculture was indeed
associated with population dispersals, provided that
such dispersals originated inside, not outside, the
west Mediterranean. At this level of expectation,
thus, the kind of “continuity” shown by the data of
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Jackes et al. would be the predictable result if the
earliest Neolithic settlement of these regions had
been the outcome of pioneer colonisation, as I sug-
gest.

Careful analysis of the argument put forward by Ja-
ckes et al., however, makes it quite clear that, in Por-
tugal, there is a lot more biological discontinuity
across the Mesolithic/Neolithic boundary than they
are willing to admit:

® the first problem with their case lies in the signi-
ficance of the non-metrical traits analysed; the fact
that they do not discriminate between Mesolithic
and Neolithic may be due simply to the fact that,
at least in this instance, those traits are not good
discriminators; although Jackes ef 4/ mention
that the kind of analysis they performed is com-
monly used by zoologists when studying intra-spe-
cific relationships, they do not inform us of the re-
levance for that purpose of the specific traits they
selected in this case;

@ the second problem lies in the composite nature
of the Portuguese collections described as “Neoli-
thic”; in actual fact, Furninha and Casa da Moura
were used as burials from the late early Neolithic
onwards and contain artefact assemblages indica-
ting that they were still in use as burial sites in
the Copper and Bronze Ages; the human bone as-
semblages from the two sites are mixed and it is
anybody’s guess which percentage of those as-
semblages is early Neolithic, which is late Neoli-
thic and which is Copper Age or later; my own opi-
nion, based on the relative importance of the ar-
tefact suites that can be attributed to the different
time periods on typological grounds, is that the la-
te Neolithic component is more important than
the others and, thus, I accept that, for broad scale
comparisons, the two skeletal assemblages can be
considered, on average, as dating from that time
period; as for Fontainhas and Feteira, both are la-
te Neolithic to Copper Age and one piece of hu-
man bone from Melides (Zambujal) was dated in
the Copper Age; therefore, the comparison is at
best a comparison between Mesolithic and late
Neolithic/Copper Age assemblages, not between
Mesolithic and early Neolithic or, at least, pure
Neolithic;

@ the third problem lies in the extent to which the
Iroquois samples are as close as postulated, since
the statistics separated Grimsby from Maurice; ba-
sed on the assumption that, slightly before and at
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the time of contact, there was a “gene flow main-
tained by constant trading”, Jackes ef:al. have no
doubt that the two belonged to a biologically ho-
mogeneous population; they also state, however,
that the extent to which the two different nations
represented (Huron and Neutral) were as cultural-
ly homogeneous as Europeans perceived them is
a debated matter; in this context, one would ex-
pect the osteological analysis to work as an inde-
pendent check on the assumption of biological
homogeneity; instead, biological homogeneity is
assumed and the degree of difference found is
deemed biologically non-significant, a conclusion
that was already contained in the premises; thus,
their argument is circular and can easily be rever-
sed — given that the differences between Grimsby
Neutral and Maurice Huron, separated by less than
200 km and less than 100 years, are larger than
those documented between the Portuguese collec-
tions of Moita (Mesolithic) and Casa da Moura (la-
te Neolithic/Copper Age), separated by less than a
third of that amount of space but twenty times as
much time, is it not possible that such differences
indicate that these two southern Ontario groups
may have been biologically more distinct than hi-
therto suspected?

@ the fourth problem lies in the extent to which the
statistics are adequate and the resulting graph has
any meaning in terms of the real past; Jackes and
Lubell (in press) used the same technique — the
average linkage (within group) dendrogram — to
analyse the clustering of the same Portuguese col-
lections according to five of the teeth traits plus
three other traits from the limb bones (humerus,
talus and calacaneus); the results are totally diffe-
rent (Fig. 3); in Jackes and Lubell (in press), Meli-
des is closer to the Muge sites of Moita and Arru-
da than to any late Neolithic site and the late Neo-
lithic/Copper Age pair of Fontainhas-Feteira is the
most separate from the two Mesolithic sites; in Ja-
ckes et al. (1997), however, the pair Fontainhas-
Feteira is found to be the closest to Muge, while
Melides clusters with Furninha and then Casa da
Moura to form a higher level group, well separa-
ted from the other collections.

Given the extent to which the degree of biological
affinity between the Portuguese collections is affec-
ted by the concrete mix of traits analysed and by the
statistical manipulations to which the data are sub-
mitted, it seems legitimate to state that the conclu-
sion of Jackes ef al. that biological continuity across
the Mesolithic/Neolithic boundary is proved and

that external population inputs did not take place at
the level required to alter the local gene pools is not
at all warranted. Apparently, the only conclusion
that can be safely extracted from these data is that
Mesolithic groups seem to have been morphological-
ly more homogeneous than those from later times.
To what extent the homogeneity of the former can
be extended to all coastal Mesolithic groups of Iberia
and whether the heterogeneity of the latter is a sim-
ple artefact of the composite nature of the samples
analysed (namely as regards a weight larger than as-
sumed of the Copper Age and later material), or re-
flects some real pattern from the past, is something
that, for the moment, cannot be securely evaluated.
It does not seem too controversial, however, to state
that this late Neolithic increase in heterogeneity is
exactly what should be expected as the outcome of
the interaction processes suggested in the framework
of the maritime pioneer colonisation model.

Measurable changes in size and shape

The first problem that has to be addressed in the dis-
cussion of Jackes et al.’s interpretation of the chan-
ges in teeth, femora and tibiae is that of how they
occur in time. Their point of view can only be sus-
tained if it is shown that the temporally intermedi-
ate early Neolithic represents a morphologically tran-
sitional stage from the Mesolithic condition to the la-
te Neolithic/Copper Age condition. Although a super-
ficial reading of some of their graphs might suggest
that such was indeed the case, a more careful ana-
lysis would show that impression to be the result of
an inadequate and misleading presentation of the
data. Jackes et al. chart bone and tooth dimensions
on the y-axis against time in the x-axis. The x-axis,
however, is not scaled. This gives the impression
that their samples are evenly spaced in time and
that they represent a continuum substantiating the
view of the changes as the outcome of a long trend.
That is absolutely not the case, however. Between
their latest Muge sample and their earliest Neolithic
sample there are 1500 mostly empty years, corres-
ponding to the early and the middle Neolithic,
which are represented only by isolated specimens or
very small-sized collections.

What happens in this hiatus is crucial for the argu-
ment. Unfortunately, the scarcity of the data does not
allow significant quantitative comparisons with those
from earlier and later time periods. The mean
adult tibial mid-shaft index of the Cardial Cadeirdo
people (archaeological horizon NA2, there are no
data for the subsequent epicardial burials), for in-
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stance, has too large standard deviation. Whatever
is known regarding the other osteological indices
analysed, however, suggests that, contrary to Jackes
et al.’s interpretation, the late Neolithic/Copper Age
morphologies are not the outcome of a trend begin
ning in the Mesolithic, since the early Neolithic con
dition, instead of being intermediate, is already iden
tical to that found in subsequent agricultural popu
lations:

® the average bucco-lingual breadth of the lower se-
cond molars of the epicardial people buried at
Caldeirdo (archaeological horizon NA1, the earli-
er cardial burials contained a single measurable
specimen) is in the size range of the late Neoli-
thic/Copper Age and, in actual fact, is even lower
than at Furninha (Fig. 4);

@ the platymeric index of the proximal shaft of adult
left femora shows that the single cardial speci-
men from Caldeirdo has a value in the range of
those from the later Neolithic of the same regi-
on, clearly lower than in the Mesolithic (Fig. 5).

The importance of these facts is further highlighted
by the fact that, as shown by radiocarbon, the car-
dial people buried at Caldeirdo were contemporary

with the latest Muge people (Fig. 1). Therefore, if
further research confirms that the late Neolithic/Co-
pper Age pattern was already established in those
earliest Neolithic populations, then the differences
between Muge and Caldeirdo cannot be considered
to represent the outcome of a long trend, but, in-
stead, have to be considered as representing the
sudden appearance in the osteological record of a
series of unprecedented features, occurring in the

- some places and at the same time as the similarly

unprecedented irruption in the archaeological re-
cord of pottery, sheep and polished stone tools.

This simple fact, in turn, refutes the interpretation of
the advent of the Neolithic in Portugal as a gradual
process not only at the biological level, but also at
the economic level. Even if we admit that, as clai-
med by Jackes ef al., the differences in the size and
the shape of the lower limb bones are solely due
to activities, then the daily life and, hence, the sub-
sistence practices of the Caldeirdo and Muge people
must have been quite different. If cereal agriculture
did not develop in Portugal before the late Neolithic
and the life styles of the first pottery-bearing groups
were so similar to those of the Mesolithic, with hun-
ting supplemented by sheep herding and vegetal
foods obtained only through wild plant collection,
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Fig. 4. Average bucco-lingual breadth of the lower second molars of late Neolithic/Copper Age and Meso-
lithic samples from Portugal (after Jackes at al. 1997). Retrodicting the values obtained for late Neoli-
thic/Copper Age collections into Mesolithic times would give results lower than those actually observed.
The values for the earliest Neolithic molars are already in the range of those from later periods. Thus, the
late Neolithic/Copper Age tooth size pattern is not the outcome of a gradual trend beginning in the Meso-
lithic. Instead, it becomes established abruptly at the Mesolithic-Neolithic boundary.
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as some have argued, how did such similar activities
generate such different bone morphologies? Thus,
the conclusion seems inescapable that late Mesoli-
thic and early Neolithic groups of Portuguese Estre-
madura were indeed culturally distinct entities with
distinct life styles, which, given their contempora-
neity and spatial segregation, argues in favour of the
pioneer colonisation model, not in favour of an en-
tirely local, gradual transition.

Furthermore, if brought about by changes in activi-
ties and in the environment, as postulated by Jackes
et al., then changes in femoral size and shape across
the Mesolithic/Neolithic boundary must have been,
in Darwinian terms, a result of the “survival of the
fittest”. The genes of those who by chance had teeth
that equipped them to make the best of the new
food resources and limb bone morphologies that
enabled them to perform better in forest clearance,
in the heavier work load of agricultural life, or in
the rougher terrain of the limestone interior, would
have had a better chance of making it into the next
generations. Ultimately, thus, the new morphologies
would have become dominant in the whole popula-
tion. However, as thoroughly and elegantly shown
by Dawkins (7991), natural selection needs time

and, given the chronometric data available, not
enough time existed in Portugal for such a process
to take place. As shown above, available data sug-
gest that early Neolithic people were identical to
those from later periods instead of having the inter-
mediate shape between Mesolithic and late Neoli-
thic/Copper Age required by a Darwinian explana-
tion of the latter as the result of a trend determined
by adaptation to new activities and a new environ-
ment.

Thus, even if we accept the explanation provided by
Jackes et al. for the changes in limb bone morpho-
logy as unrelated to genetics and exclusively caused
by changes in activity patterns, an external popula-
tion input has to be postulated. Otherwise, the chan-
ge cannot be interpreted as a process driven by na-
tural selection. In order to clarify this point, let us
assume, for the sake of the argument, that the peo-
ple buried at Muge and Caldeirdo derive from the
same close ancestor population. The latter, as sug-
gested by Whittle (7996), might correspond to Muge
people who, having obtained ovicaprids, decided to
move on to lands hitherto unsettled. What was the
biological mechanism involved in the acquisition by
those Caldeirdo people of the new limb bone mor-
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Fig. 5. Mean platymeric index of the proximal shaft of adult left femora of late Neolithic/Copper Age and
Mesolithic samples from Portugal (after Jackes at al. 1997). The single Cardial specimen from Caldeirdo
has a value in the range of those from the later Neolithic of the same region, clearly lower than in the
Mesolithic. There seems to be a marked variation, dictated by region of provenience, in late Neolithic/
Copper Age collections: samples from Estremadura have lower indices than those from Alentejo. This may
indicate that, in the latter region, the contribution of local Mesolithic people to the gene pool of subse-
quent populations was more important than in Estremadura.
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phology, particularly as regards their larger and flat-
ter femora? Given that its apparently sudden irrup-
tion in the bioarchaeological record does not leave
enough time for the operation of Darwinian proces-
ses and that Jackes ef al. believe that “long bones
are so clearly plastic they may alter in shape with-
out genetic change”, one can conceive of three pos-
sible alternatives to natural selection that might ha-
ve brought about the changes in the very short time
required (a few generations at most):

@ the larger and flatter femora of the earliest Neoli-
thic people (as well as their smaller teeth) may
have developed solely as a result of changes in
nutrition, particularly if these people grew wheat
and barley, as well as herding sheep and goats;

® the femora of the first settlers changed during
their life time as a result of adaptation to differ-
ent environments and activities and their chil-
dren were already born with bigger and flatter fe-
mora due to a Lamarckian transmission of acqui-
red traits;

@ the shape of femora is not determined at birth,
but, instead, is susceptible of ontogenetical deve-
lopment towards round femora in some situa-
tions and towards flat femora in other, the latter
being the case with the particular combination of
environment and activities that existed at Caldei-
rdo.

The nutritional hypothesis is rejected altogether by
Jackes et al. (1997.649) themselves. They invoke
North American studies of the transition to agricul-
ture where genetic continuity was not in question
and which attributed observed changes in femoral
mid-shaft and subtrochanteric dimensions to alte-
red mechanical stresses, not to nutrition. They also
reject (p. 651) that the sabre-shinned tibiae of the
Muge people may have been a result of protein de-
ficiency, given the archaeological evidence that their
diet was protein-rich.

Regardless of how one evaluates the merits of La-
marckism, the hereditary transmission of acquired
femoral shape is empirically contradicted by the
American evidence provided by Gilbert and Gill
(1990). They observe that the proximal femoral
shafts of Indians are flatter than those of European
colonists and that this applies both to Plains hunters
and to Post-Classic Maya farmers. This observation
illustrates, in the first place, why biomechanical pro-
cesses alone do not suffice to explain differences in
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femoral shape: the femora of Indian hunters are
identical to those of Indian farmers and different
from those of White pioneers with a similar life style
based on hunting. Forensic Indian data provided by
the same authors also show that femoral shape is
not acquired through a simple change in activities
and then transmitted to subsequent generations:
“though their environment was essentially that of
modern White society, the [forensic] femora conti-
nued to display a morphology like that of ancient
Indians rather than Whites”.

The inadequacy of explanations postulating that fe-
mora acquire their adult shape as a result of biome-
chanical processes occurring during ontogenesis is
confirmed by the empirical data supplied by Jackes
et al. (1997). In that case, one would predict diffe-
rent femoral shapes for males and females, caused
by the sexual division of labour, as suggested by the
analysis they quote of the osteological correlates of
the transition to agriculture in Alabama, which
showed a differential increase in the robusticity of
the long bone diaphyses of males. Although no data
on gender differences were available for the femora
of the late Neolithic/Copper Age samples, due to the
nature of ossuaries, the issue could be addressed for
the Mesolithic examples with the following result:
“we can discern no significant gender-based differen-
ce in the proximal femoral index in the Mesolithic
material” (Jackes et al. 1997.649).

An ontogenetic mechanism might also be envisaged
in Jackes ef al.’s interpretation of the side differen-
ces in femoral shape, identified in the Portuguese
material: “the left proximal femur of Portuguese Me-
solithic and Neolithic adults has a significantly lower
platymeric index than the right”, suggesting that
“biomechanical factors, activity and terrain, but not
genetics, must be considered important to platyme-
ria”. Since the authors interpret higher platymeric
indexes as indicating less robusticity and lower pla-
tymeria as indicating more robusticity, their data
would show that Portuguese Mesolithic and Neoli-
thic people would have left sides stronger than right
ones, if platymeria is a direct function of activities;
that is, 2 majority of the population would then be
made up of left-handed persons!

Since this is highly unlikely, it seems more parsimo-
nious to admit that, whatever the cause may be for
the side differences, it most certainly is not related
to a differential, activity-induced and ontegenetical-
ly-developed robusticity of the limbs. This conclu-
sion is further strengthened by the fact that the sta-
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tement of Jackes et al. (1997) that, in Portugal, “the
less rugged the terrain, the higher the [femoral pla-
tymeric] index”, is refuted by the way the different
collections pattern in Fig. 5. Contrary to their inter-
pretation, there is a marked variation in proximal fe-
moral shape in the late Neolithic/Copper Age collec-
tions dictated by region of provenience, not by na-
ture of the terrain. Samples from Estremadura (Fur-
ninha, Casa da Moura, Fontainhas, Feteira) have low
indices (the highest mean value is 74.89), while
those from the Alentejo have high indices (the low-
est mean value is 77.89). The latter include both lit-
toral (the two Melides collections) and interior (Es-
coural cave) sites, that is, low sandy coasts as well
as hilly limestone topographies similar to those from
Estremadura.

That there is no simple, direct causal relation betwe-
en femoral shape, robusticity and activities and that
femoral shape appears to be under genetic control
rather than environmentally regulated, as Gilbert
and Gill (1990) have shown with historical and fo-
rensic American information, is also quite clear from
due consideration of the data on archaic and early
modern humans supplied by Trinkaus (7997). The
subcircular mid-femoral shape of archaic humans re-
mained stable world-wide for 1.8 million years and,
while it is archaic humans that are generally consi-
dered to have been more robust, it is the early mo-
derns, not them, who have flat femora and, therefo-
re, low platymeric indexes. Furthermore, Neander-
thals and contemporary early modern humans had
different femora in spite of having similar life styles.
Presumably, part of the explanation for this differen-
ce must relate to the fact that they were genetically
different groups largely isolated from each other, as
shown by recent fossil DNA analysis (Krings et al.
1997).

Thus, if further work confirms that, in Estremadura,
the late Neolithic/Copper Age femoral morphology
was already present in Cardial times, then the sim-
plest explanation, and the only that is compatible
with Darwinian biology, is that an external popula-
tion with a limb morphology different from that of
the indigenous Mesolithic groups entered the scene.
The particular femoral morphology of this external
population would have developed elsewhere, for
one reason or the other, but surely in a situation
where enough time had existed for that condition to
become dominant, either because it was adaptive or
because it was indirectly induced by changes in nu-
trition related to an agricultural way of life. Or, mo-
re simply, that condition may have been dominant

in such external founder populations perhaps be-
cause that was already the case among more remo-
te ancestral groups in the areas where agriculture
first appeared and from where it subsequently
spread.

Furthermore, although, given the problems with the
samples, it may be premature to take for granted the
regional differentiation in the proximal morphology
of Portuguese femora apparent in Fig. 5, such a dif-
ferentiation would represent an extremely powerful
argument in support of such an external population
input to have occurred and to have occurred preci-
sely in the way predicted by the pioneer colonisati-
on model. As I have previously discussed at length
(Zilhdo 1992a; 1993), I believe that the first Neoli-
thic enclaves created by pioneer groups originating
in southern Spain were located in Algarve and Estre-
madura and that the Alentejo coast was skipped. It
would have been only subsequently, in epicardial ti-
mes, around 6000 BP, after the new economic sys-
tem had become established throughout most of
central and southern Portugal, that the hunter-gathe-
rer groups surviving along the Alentejo coast were
assimilated into it, perhaps through indigenous
adoption. Thus, the model predicts that the contri-
bution of local Mesolithic people to the gene pool of
subsequent Neolithic populations would have been
larger in Alentejo than in Estremadura. That might
explain why, although their size increased every-
where, the morphology of femora in the late Neoli-
thic/Copper Age remained closer to the Muge Meso-
lithic pattern in Alentejo than in Estremadura.

The establishment of a connection between the fe-
moral shape of the earliest Neolithic people of Estre-
madura and an external population input would be-
nefit from the acquisition of the relevant data regar-
ding neighbouring areas of Mediterranean Spain. If
a similar situation is shown to occur there, this in-
terpretation of the evidence would be considerably
strengthened. For the moment, at least, it would
seem that this explanation is the most consistent
with the empirical archaeological and osteological
data, as well as with a view of human evolution as
driven by Darwinian natural selection.

MESOLITHIC AND NEOLITHIC
IN COASTAL ALENTEJO

The significance of Cardial pottery as a proxy for the

first introduction of the Neolithic package in the Me-
diterranean areas west of the Languedoc has recei-
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ved recent confirmation, in Portugal, thanks to the
radiocarbon dating of two contexts in the western
Algarve:

@ Cabranosa, an open air settlement (Zbyszewski et
al. 1981), was dated to 6880+ 60 BP (Sac-1321)
on a shell sample (Cardoso et al. 1996), which,
after correction for the reservoir effect (which
gives shell dates in this time range an excess age
of 380+ 30 years — Soares 1993), translates into
6500+ 70 BP,

® Padrio, another open air settlement with Cardial
pottery (Gomes 1994a; 1994b), was dated on
shell samples to 6800+ 50 BP (ICEN-645) and to
6920+ 60 BP (ICEN-873), which, after correction
for the reservoir effect, translate, respectively, into
6420+ 60 BP and 654070 BP.

These dates suggest that the limestone country of
the Algarve was settled by farmers at the same ti-
me as the geologically and environmentally similar
areas of Estremadura to the north, thus confirming
the pattern of contemporaneity between this early
Cardial settlement and the Mesolithic hunter-gather-
er adaptations of the coast and estuaries of the geo-
graphically intermediate region of Alentejo, which
survived until ca. 6000 BP. Although this further
strengthens the mosaic frontier pattern previously
described for Portugal (Zilhdo 1992a; 1993) and,
therefore, the maritime pioneer colonisation model,
it should be borne in mind that the interpretation
given by Soares (1997) for the dates she recently
published for the Alentejo site of Vale Pincel is in
contradiction with the model. However, that inter-
pretation is ill-founded.

In the time period of relevance for the analysis of
the Mesolithic-Neolithic transition in Portugal (7000-
6000 BP), the Alentejo coast features three kinds of
sites:

® large shell-middens with no indisputably Neoli-
thic artefacts (pottery and polished stone tools)
and a mammal fauna featuring exclusively wild
species, such as Fiais or Samouqueira;

@ small shell-middens with no domesticates but with
a few Neolithic artefacts of questionable associa-
tion with the midden deposit, such as Medo Toje-
iro;

@ large non-midden sites (in some instances with
hearths and other features) with pottery but yiel-
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ding no direct evidence on subsistence (due to the
acidity of the sandy soils, which precluded the
preservation of bone), such as Vale Pincel.

Soares (1992; 1995; 1997) has argued that the first
kind of site represents Mesolithic base camps. The
other two would belong to a single, logistically orga-
nised, Neolithic settlement-subsistence system deve-
loped through indigenous integration in the traditi-
onal way of life of the new resources and related
kinds of new artefacts: the small sites, featuring low
artefact densities, where only hunting and gathering
activities are represented, would be temporary
camps; the large sites, with high artefact densities,
would represent the more permanent village set-
tlements related to agricultural activities. At the same
time, she argues that this Neolithic settlement of coa-
stal Alentejo was contemporary with the Mesolithic
occupation of the inner estuary of the Sado, explain-
ing the presence in shell-middens such as Cabeco do
Pez of ceramics and other Neolithic items (stone
querns), acquired through contacts with the coastal
farmers.

This view of the evidence is totally inconsistent with
the empirical data:

@ as shown by Arnaud (1982; 1987; 1989; 1990), in
the Mesolithic sites of the inner estuary of the
Sado ceramics and other Neolithic artefacts, when
at all present, only appear in the upper sections
of the sequences, above the midden deposits, not
inside them; with one exception, Amoreira, where
the midden level in question (radiocarbon dated
to ca. 6000 BP) was very late, the deposition of
such items post-dates the Mesolithic occupations
represented by the shell-middens, which begin
around 7500 BP;

@ similarly, the Medo Tojeiro midden contained no
Neolithic artefacts; as the excavators state, “the
only artefacts ... considered to be indisputably
Neolithic were found on the deflated surface of
the midden, overlain by dune sand” (Zubell, in lit-
teris, 9 June 1991),

® the small sized assemblage of decorated ceramics
recovered at Vale Pincel is of an epicardial style
elsewhere dated in Portugal to the period betwe-
en ca. 6000 and ca. 5700 BP; it is also strikingly
similar to the pottery recovered in the deposits
that overlie the Mesolithic middens of the Sado;
given available dates, that pottery cannot be older
than ca. 6000 BP; thus, the hearths dated at Vale
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Pincel cannot possibly be associated with the Neo-
lithic occupation documented by the epicardial ce-
ramics recovered there;

@ the supposed “Mesolithic base camps”, such as
Samouqueira, would be later than the supposed
locally evolved “Neolithic village settlements”,
such as Vale Pincel; Samouqueira is dated at
6370+ 70 BP (TO -130) (Lubell and Jackes 1988),
while the two dates published by Soares (1997)
for Vale Pincel are 6700 + 60 BP (ICEN-724) and
6540 + 60 BP (ICEN-723);

@ Soares (1997) avoids the contradiction above
through defining the site of Samouqueira as “Me-
solithic” and the human skeleton from which the
date was derived as “Neolithic”; she implicitly
assumes, therefore, that the site is earlier and the
burial intrusive; however, the excavators (Lubell
and Jackes 1985) mention no archaeological evi-
dence of intrusion, no Neolithic artefacts were
associated with the skeleton (in actual fact, none
were recovered at the site) and isotopic evidence
shows that the individual in question had a mari-
ne diet identical to that of the people buried in
the Mesolithic shell-middens of Muge (ZLubell et al.
1994);

® Medo Tojeiro, the prototype of Soares’s “Neolithic
temporary camps” had a lithic artefact density of
8/m3; although this is exceedingly low indeed, Va-
le Pincel, the prototype of her “Neolithic village
settlements”, is no different — from the data sup-
plied by Silva and Soares (1981), the correspon-
ding value can be calculated to be of 8.5/m3 and,
in the 40 m2 excavated at Vale Pincel in 1975,
there were only 1.4 lithic artefacts per square me-
ter in levels 2d/3 (the base of the archaeological
level, where the dated hearths and other features
described as “hut-floors” were found);

@ such extremely low lithic artefact densities are in-
compatible with the definition of Vale Pincel as a
permanent village settlement; for comparative
purposes, it may be worth noting that the corres-
ponding values obtained at geologically in situ
sites in this time range were of approximately
520/m3 in the epicardial open air settlement of
Laranjal de Cabeco das Pias, Estremadura (Car-
valho and Zilhdo 1994), and of some 470/m3 in
the Sado valley Mesolithic shell-midden of Pocas
de Sdo Bento (modern Arnaud/Larsson excava-
tions) (Aradijo 1997); at Mesolithic Samouqueira,
Soares (1997) gives herself values of ca. 400/m3.

My alternative view of the Alentejo data (Zilhdo
1992a;1993) is that:

@ the shell-middens of the inner estuary of the Sado

and the Mira are indeed contemporary with tho-
se from the coast, which accumulated between ca.
7000 and ca. 6000 BP; all of which (Medo Tojei-
ro, Vidigal and Samouqueira), however, are Meso-
lithic in material culture as well as in subsistence;

@ the first Neolithic occupation of these areas dates
to around 6000 BP and is characterised by cera-
mics of epicardial style such as those that have
been recovered in the upper part of the Sado se-
quences and at Vale Pincel.

The contradiction between this view and the radio-
carbon dates reported by Soares (1997) for Vale Pin-
cel is only apparent. As I have previously argued
(Zilh@o 1993), this is a disturbed, multi-component
site that in all likelihood was also occupied in the
Mesolithic. The new dates confirm such an earlier
occupation. In fact, when the evidence is seen
through the appropriate taphonomic filters, it beco-
mes clear that:

@ Vale Pincel is seriously disturbed, as indicated by
the low density of finds, the slope of the sandy de-
posits containing the Neolithic material (level 2)
and the presence of obvious erosional features at
the interface between levels 2 and 3 — the most
striking are the extensive, irregularly-shaped po-
ckets and channels excavated in level 3 and filled
with darker material wrongly interpreted as “hut-
floors” by the excavators (Silva and Soares 1981),

@ the hearths (cuvettes of hardened, reddish sands
containing charcoal and burnt cobbles) encrusted
in level 3 must be related to a pre-Neolithic occu-
pation, since their topographical relation with the
overlying Neolithic deposit indicates that they too
were affected by the erosional processes ante-da-
ting its accumulation (the upper part of the cuvet-
tes is convex and protuberant, outcropping from
the surface of level 3 extant during excavation); it
was in such combustion features that the samples
dated were collected; thus, the radiocarbon ages
obtained, falling in the time range of the local Me-
solithic, are in good agreement with the site stra-
tigraphy;

@ the scant data available on the vertical distribu-

tion of artefacts indicates that units 2d/3 of the
excavators do contain a bladelet/segment lithic

37



Jodo Zilhdo

component identical to that from the Sado mid-
dens and independently suggesting a Mesolithic
use of the area; that these units also contain Neo-
lithic ceramics is not surprising given that they in-
clude the material collected.in the “hutfloors”,
where the erosion processes that affected the Me-
solithic surface mixed the Mesolithic material with
that deposited during the first Neolithic use of the
area;

@ the presence of distinct cultural components is
hardly surprising given the huge area covered by
the site (some 10 ha); at nearby Samouqueira, in
a much smaller area, two different Joci were iden-
tified — Samougqueira I, the Mesolithic site discus-
sed above, and Samouqueira II, where, on the ba-
sis of surface collection, Silva and Soares (1981)
identified both Mesolithic and early Neolithic occu-
pations.

Similar taphonomic patterns are known from sites
in similar geological contexts in Estremadura and in
the Algarve. At Ponta da Vigia (Zilhdo et al. 1986),
in coastal Estremadura, several early Mesolithic
hearths were identified encrusted on an eroded, de-
flated surface of hard sands, and the lithics presu-
mably related with this occupation were scattered
around at very low densities, as I believe to be the
case at Vale Pincel. In the 80 m2 excavated at Pa-
drdo, in the Algarve, the surface with the dated
hearth and associated Cardial Neolithic material was
cut by Roman burials and the negative of the base
of a fallen menhir; it was the discovery of the latter
that prompted the excavation. Its close proximity to
the hearth initially led the excavator to believe that
its erection actually dated back to early Neolithic ti-
mes (Gomes 1994a). A sequence in unconsolidated
sands presenting exactly the same characteristics as
those I suggest for Vale Pincel (occupations in direct
stratigraphic contact, with material from the later
occupation found in dense pockets excavated by ero-
sion in the underlying deposits containing the earli-
er occupation), but featuring Upper Solutrean and
Terminal Magdalenian instead of late Mesolithic and
early Neolithic, has also been described at Olival da
Carneira, in Estremadura (Zilhdo 1995).

There is nothing solid in the Alentejo data, therefo-
re, that can be taken to indicate a slow, gradual, pie-
cemeal adoption by local hunter-gatherers of the se-
veral elements of the Neolithic package, starting as
early as 6700 BP. Whether the epicardial Neolithic
that appears throughout the region around 6000 ra-
diocarbon years ago represents an expansion of the
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farmer groups that previously settled the neigh-
bouring regions of Algarve and Estremadura or the
final “surrender” of local hunter-gatherers to the
new subsistence system remains to be clarified. As
argued above, the late Neolithic osteological data
from cave ossuaries in Alentejo can be interpreted
in favour of the latter, that is, in favour of local hun-
ter-gatherers having indeed made an important con-
tribution to the gene pool of subsequent popula-
tions. Only when comparable data from the Sado
middens and the regional early Neolithic are obtai-
ned will we be able to evaluate this possibility with
more consistent data.

CONCLUSION

The above review of the archaeological evidence
shows an overwhelming support for the pioneer co-
lonisation model. Osteological data are more am-
biguous and have warranted different interpretati-
ons but it seems fair to infer from the discussion of
the data supplied by Jackes ef al. (1997) that some
discontinuities do exist and that their appearance in
the record, coinciding with that of the Neolithic pac-
kage, signals the kind of limited external population
input postulated by the model.

A definitive test of competing explanations can be
obtained through comparison of genetic material
extracted from the prehistoric human remains them-
selves. If people moved along with domestic resour-
ces, it would be possible to establish mitochondrial
DNA lineages extending to the earliest Neolithic of
the Fertile Crescent, where wheat, barley, sheep and
goats were first domesticated and from where they
spread into Europe. If the Caldeirdo people were
shown to belong to such maternal lineages and the
Muge and Sado people were shown to be different
in this regard, population movement would be pro-
ved, regardless of the extent to which the input of
incoming agriculturalists did or did not affect the
skeletal morphology of succeeding populations.

If the skeletal morphology of the hypothesised pio-
neer groups was significantly different and if its in-
put was important, as might have been the case if
local hunter-gatherers were rapidly absorbed by
agriculturalist groups with higher reproductive ra-
tes, one would have considerable changes. If, on
the contrary, it had been local hunter-gatherers who
rapidly absorbed the newcomers and changed their
way of life to become farmers and shepherds, one
might have very few changes except as regards those
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brought about by adaptation to different kinds of
work patterns and new types of terrain; in the words
of Jackes ef al., immigration would have taken pla-
ce but not at the levels necessary to alter the gene
pool.

Current research, in association with a team of the
University of Barcelona under the direction of Da-

niel Turbdn, is addressing exactly this issue through
the comparison of fossil genetic material extracted
from the Caldeirdo and Muge burials. Its results will
hopefully shed some definitive light on the role
played by demic diffusion in the emergence of Neo-
lithic subsistence economies in west Mediterranean
Europe.
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