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one hundred years or 3o has yielded consideral » evidence in terms of lithic technology and

In the past, ressarchers have tended to concentrate

on the study of lithic material and
stratigraphy. More recently, however, problem-criented research has been initiated in this
mﬂ“hﬁhmnﬂhﬂﬁﬁmmimmnm;ﬂme

In this study, the mesolithic archasolegy and ecology of southern Portugal is
Mﬂ!mtnﬂﬂummmtﬂnﬁﬁtﬂﬁmvﬂ
Mmqunﬂymmﬂmhﬂhhgmﬂbmmhnm

The recent excavation and analysis of the Pandeiro shell midden is described.

m&mmmmhm-mﬂmﬁhﬂm-n
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CHAPTER ONE
INTRODUCTION

The concept and the definition of the Mesolithic in European prehistory has been the subject
intermediate in age between the Palaeolithic and the Neolithic periods (Clark 1980:3; see
also Cxamik 1976, Price 1987, Rowley-Conwy 1986). In 1936, Grahame Clark noted certain
broad similarities between the adaptations of later Palaeolithic societies and those of the
early Holocene in terms of economic strategies, which were based on hunting, fishing,
fowling, and collecting; and also in terms of technology, pointing to the continued use of

similarities, Clark preferred to discuss these societies in terms of the Mesolithic, choosing a
chronological definition and emphasising that, “In employing this term nothing more is
implied than that the Mesolithic flourished in the main between the Palaeolithic and
Neolithic civilizations in point of time”. He added the rider, "it may be emphasised that it is
not intended to suggest an evolutionary stage.” (Clark 1836:xiv). In 1976, David Clarke
obeerved that in seuthern Europe, “The same continuity is witnessed in many of the flint
industries and it is a matter of preferences whether we Iabel the regional complexes of ¢.
10,000-5,000 B.C. Mesolithic, Epipalacolithic or Protoneclithic. They are all of these things
taxonomically, but about their subsistence status we are less clear” (Clarke 1976:470). More
Postgiacial prier to the introduction of agriculture” (Price 1983:763; but cf. Rosoy’s [1969)
preforence for the term Epipalasslithic).

general assumptions: 1) small group sise; and 2) high mebility (Lee and DeVere 1968, Price



settlements (e.g., Jochim 1976, Kristisnsen and Paludan-Maller 1979, Yesner 1980, Clark

1983, Rowley-Conwy 1983, Rowley-Conwy ef al. 1987, Price 1967, Price and Brown 1985b).
Conwy 1983, Zvelebil 1966a) is integral to a number of recent theoretical perspectives which
address questions of economic strategy, subsistence activity, settlement systems, and socisl

relations (e.g., Carlson 1979; Ingold 1960, 1984; Woodburn 1980, 19682; Johnson 1962; Testart
1963; Bender 1965; McKay 1988). Zvelebil (1986b:112) further proposes that “the complex

Ammtﬁﬁmafﬂnmmhﬂnel dees

pe of western Europe is the shell midden

(Bailey 1978, Bailey and Parkington 1988, Clark 1980); and shell midden analysis has

work of Brinch-Petersen (1973) in Denmark; Coles (1971), Deith (1963a, 1968), Mellars
(1978), and Mellars and Payne (1971) in Scotland; Bailey (1963), Clark (1963), Deith (1983b),
Jackes (1967), and Lubell ef al. (1969) in Portugal; Shackleton (1988), and Shackleton and
besn exaggerated in the past (Bailey 1978, Jarman o al. 1982), molluscs are presently




Settlement and Seesonality
Amwhtuwhuwmthm&mﬁg.ﬁhﬁmﬁfm
mmwmmﬂn(ﬂuﬂml’%.%ﬁlﬂnﬂﬂi&ﬂq
MW(W’)MMMM‘W@MM&
resource scheduling: the ways in which hunter-gatherers combine the exploitation of various
resources available at different times and places (soe also Ames 1985). Deith (1963a:423)
wmummdmd.mmmumwm
mammmmummuwamm;mwmaﬁmﬁm
&mﬂhwuhaWMJ&mMMﬂaimmi
which it was pert.

Seasonality determinations have been made on molluses recovered from
www.m.fmmmmm;ﬁmmﬁm
based on either oxygen isotope analysis of shell carbonats (cf, Shackleton 1969, 1970, 1973;
lﬁﬂhdoyl”l;MMl’“;MndMlﬂ.lﬂﬂ).wmﬂsmlﬁhﬂf
MMM(GCMMIM;MMWIWI;E&QIQ?S,HTE
Mmc«mw;mmumm&wmmmsmhm:h
MM&&MW“MMM&.mﬁJM
years’ growth (¢f. Ham 1976, Custer 1967).

MMﬂIMMOCMt“miWMEEHmE
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Deith n.d., A. Lontasker in lis. 18.1.09).




mmgmghmmmmm—dmmm



in their upper levels (Perreira and Leitso 1985:109, nos. 2-8, 116). (A similar industry,
Galicia [Spain].) A regional variant, the Mirian, is found along the Lower Alentejo littoral;
carried out since 1868 on the Muge shell middens of the upper Tagus estuary (Figure 1),
1977, 1909; Arnsud 1906; Ferreira and LeitSo 1906). The lithic assemblage consists of a
1966:110, nes. 1-21, 112); and a macrelithic compenent en quartzite. Bone and antler tools
pits, and humen burials (Reche 1972, 1977, 1969).

and wastal sites in Lower Alontejo has boon undertaken by Arnaud, D. Lubell, C.T. do Silve,
ond others (Lubell 1964; Luboll and Jaskes 1987, 1908; Lubell of al. 1969; Silva «f ol. 1965),
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do Sebastisie (7340 £ 70 bp to 6810 + 70 bpl) is located 22 m above present sea level (asl) on
an exposed spur of the 10 m to 30 m terrace on the seuth side of the Muge, 15 m sbove the
hp)hlhhﬁhig-dﬁhloihﬂiﬁrmdﬂutlki-ﬂ-fﬁhhm
ﬁ:lﬂ‘ﬂ.lhﬁl&ﬂlmﬁﬂ(ﬂillﬁhhﬂﬂimbﬂhma
m asl on a sandy promonts

Reche reports that in 1962 the Meita de Sebastifio shell midden was elliptical in
mn-ﬁmﬁmgﬂmu-mmmﬁm“

small number of backed blades, scrapers, and burins. Quartsite teels include hammerstonss,




1972).

mhp,umilﬁcfi?nh!im i
lug:u-ﬁtpﬂﬁ&:ﬂﬁipﬂbnﬂpﬂb

1: however, a wide range

ﬁ“l-“ﬂﬂ:ﬂ&ﬂﬂﬁﬁﬁ-ﬁﬁﬁi
mﬂmhm—j-ﬁﬁﬁﬁhﬁﬁﬁhmdmﬂ

Sevevel ether sholl middens have boon identified in the |
Padre Pedre and Flor da Beirs; alee a fow kil tres to the south near the confiusnce

of the




A group of cleven shell middens is lecated seuth of Alcager do Sal en the River Sade
and its tributaries, and six of these middens have been excavated by Arnaud (Figure 1)
(Arnaud 1986, 1960, Figure 2). Most of thess concheiros, which are less than 1.5 m thick, are
sited near the present 50 m contour overlesking the fleedplain. Arapouca (7420 £ 68 bp),
Cabego do Rebolador, and Amorsiras are located between 40 km and 50 km inland on the
south side of the river; and each eccupies an area of sbeut 1000 m3. Cabece do Pex (6730 ¢ 78
bp to 5535 + 130 bp), a large shell midden of st least 4000 m2, and the small Vale de
Romeiros midden (60 m2) are located several kilometres farther cast on the north side of the
river. Pogas de 8. Bente (7040 £ 70 bp to 6780 £ 76 bp), a large midden of 3570 m3, lies 3 km
south of the Sado on a small tributary at an elevation of 80 m asl (Figure 1, Table 1).

The lithic industry is represented by geemetric microliths (trapeses predominate at
Arapsucs and Vale de Romeiras, and segments at Amoreiras and Pogas de 8. Bente; triangles
are alse present), and a few reteuched bladelets and scrapers. Finished tools are scarce,
Mﬂ.”md&cmmﬂw“u&ufmm
microburing. The mest commen raw material is a peer quality flint, but quarts and quartsite
were aleo utilised. Bone and antler tesls were recovered at Cabeo do Pez in the form of a few
Mﬂuﬂmﬂw&d“hﬂouﬂus‘.mﬂi&k%hh&
recovered, however (Arnaud 1988, 1966, 1969).

lh.—buhl'm”utd“d&o&bmm.nwwﬁ
beads of pisrced fich vertsbrae and shellfish (Neritina fluvialis, Trivie spp., and Hinis
reticulats), and, in several cases, with gesmetric micreliths (Arnsud 196G, 1909).

Lewer Alsntejo

Excavetions were undertaken in 1984 on the ceast of Lower Alenteje ot Ssmeuqueira and

Mode Tojsire by Lubell and Siiva. In 1908, L.G. Straus ensavated st Vidigal.
Semenqueira (6370 £ 70 by, 5000 £ 130 bp), whish has been disturbed by pleughing

and slopewash, sovers an ares of ot least 190 m x 140 m; and everiosks the Atlantic Ossan



from a 10 m cliff (Lubell o al. 1909). Vidigal (6840 + 90 bp, 6030 + 180 bp) lies 6 km to the
south. Lecated 2 km east of the present shoreline, the site covers an area of 5000 m3 , and
overiocks a small stream from an elevation of 45 m asl. The midden iteeif is about 10 em to
mmuhhimiﬁ.unmmim:&mnﬂhﬂi

mlﬁhmihﬂmhﬂ-:-ﬁhﬂigMﬁMMw
hﬂﬂhlm“mmlmmmhmbnm
MiﬁmllﬂiﬂﬁIIﬁ!ﬂMIMEmﬁﬁgmm
and backed bladelets, scrapers (Vidigal), and a burin (Samouqueira). A large number of
present (Lubell ef al 1960, Table 8). In addition, a schist butten or bead, four ceramic
rﬁhldn&mﬂmummmmmgmnws

A small remnant midden at Mede Tejeire (6 m x 12 m, and 75 cm thick), underisin
ﬂm&hh—thhﬂd—ﬁd-ﬂ-ﬂmﬂngkhmh

hﬂiﬁiﬁbﬂﬁﬁlﬂﬂﬂﬁhi:hﬂhmmmh
mﬁhﬁlﬂ.nmhm:ﬁhﬁhm-ﬁlhm



The Medo Tojeiro midden produced only a small amount of lithic materia);
nevertheless, a macrolithic component on greywacke, represented by a chopper and a number
of fiakes, and a microlithic component on flint, representad by a small number of geometric

axe were also recovered. At Majo Tojeiro I, a number of microliths and a greywacke flake
were associated with several hearths (Lubell ¢f al. 1980, Silva ef al. 1985). Macrolithic

kn.ppinjihhi-.hii-m-nul:,:ﬁwllimnmmdmhmum;mi
One of the most southerly sites assecisted with the Languedocian is the shell midden

greywacke chopper. The site is dated to 8040 £ 100 bp and 7450 £ 90 bp (Table 1)XLubell and
Jackes 1968),

In 1986 excavations were undertaken by Lubell and Arnaud st Fiais, a large shell
midden of at least 1000 m%, located 10 km inlend near Odemira (Figure 1). The site, at an
commenced in twe areas of the site. In the first area & hearth, lecated 30 cm t0 50 em bs, was
50000n ot 35 cm (o 50 em be without reaching the bettem of the midden. Twe dates were




obtained from the second area, viz., 6840 1 70 bp (45 cm to 50 cm be) and 6360 £ 80 bp (30 em

Lithic material recovered at Fiais consists mainly of debitage, including microburins,
exhausted cores, and a large number of biladelets. The majority of retouched tools are
in lower frequency. A small number of reteuched bladelets, includi

was alsoe recovered. The most commen raw material is chert, utilized for all retouche

ic component at this

coastal site of Ponta da Vigia (Zithie ¢ al. 1987), and by Lubell at the inland shell middens of
tributary of the River Sisandre. Discentinueus areas of midden were found at a depth of 80
to be badly disturbed, however, as the result of the upresting of a plantation of pine trees
(Zilhe and Lubell 1906h). Pandeire (7800 £ 110 bp) is lecated 6 km inland on a small




Ponta da Vigia (8730 + 110 bp) consists of several hearths and a small lithic scatter
on the deflated surface of a dune blowout located on a 30 m cliff overlooking the
palaccestuary of the Alcabrichel. The lithic assemblage, which includes geometric microliths
(several segments, trapezes, and a triangle), non-geometric points, and a few small scrapers
and burins made on blades, is described by Zilhiio et al. (1987) as typically Epipalacclithic;

contains only a very small amount of lithic material (Arnaud 1985, 1986; Zith#o et al. 1987).
However, eight kilometres to the north lies the site of 8. Julifio, suggested by Arnaud (1986)
to be con
%, and 1 m thick) and an adjoining shallow cccupation layer. Lithic material collected at the

ary with Magoito. 8. Julifio consists of a small, compact shell midden (ca. 100




small mammals may be found in a range of habitats; but the mere specific habitat
preferences of the larger mammals; i.e., red deer, wild pig, and surochs, indicate a landscape
and Cabego da Arruda by Lentacker (1986a, 1986b) appears to confirm the economic
importance of red deer and wild pig during the Mesolithic (¢f. Davidson 1976, Guillaine ef al.
1962, Straus and Clark 1986, Rowley-Conwy n.d.a; ¢f. Clarke 1979:451 for an alternative
excavations include a large number of lagomor ' '
cunniculus), suggestive of a relatively open landscape. Their economic importance in t

8; see also Davidson 1976). The optimal months for hunting red deer and wild pig are
January to March, and November to March respectively; although all the identified
mammals would have lived in the area ye und (Lentacker 1966a, Arnaud 1989).

species (tolerant of low salinity); and are found in highest concentrations in the middle and
upper reaches of estuaries, brackish marshes, and lagoons (McLusky 1971, Perkins 1974).
Marine gastrepods (Neriting fluviatilis, Cyprass spp.), raser clams (Solen or Ensis spp.),




south in the warmer waters of Algarve and North Africa (Roche 1972, 1977). A similar
assemblage of molluscs at Fonte de Moga on the Tagus 6 km to the north indicates that
during the early Holocene tides penetrated farther inland than st present (Amaud 1965).
Lentacker identifies at least seven species of marine fish at Cabego da Amoreira and
Cabego da Arruda, the most common being eagle ray (Myliobatis aquila) and meagre
(Argyrosomus regius), followed by sea bream (Sparidse), including gilthead (Sparus aurata)
(Lentacker 198Ga, Tables 2 and 5). Sparidae are usually found in shallow coastal walers,
mmudumwmduﬁn‘thcwinm.hqmuhmtdbnckish conditions,
however; and enter estuaries to spawn between June and September (Lentacker 1986a,
Arnaud 1989). Arnaud observes that meagre is today fished off-shore, but notes that at the
m«fﬂumuumuhmmmmms.dommumml
mdmubmmww).Mmhdu.thm.ﬂm.ﬁchiuiﬂikelyuhue
been more productive during the spring and summer than at any other time of year
(Lentacker 1986a).
Awﬁcwdnhnﬁmhpm&dwinmdlnmmwaﬂyu
cmuM(mwmwuamo).mnmommmwm
waterfow] and marshland species, including curlew (Numenius arquata) and various
Anseriformes, particularly mallard (Anas platyrhynchos) and Greylag goose (Anser anser);
and most are present only during their winter migration. Permanent residents are also
represented, particularly carrion crow (Corvus corone), and also woodcock (Scolopax
m).um(mmm),mmmumu(ww
1986a).
mwemwmmmwmnummauu
mmumumamumwmmmu
wmmumumummm,mm
memmmm).umd“memmum
(Clarke 1976:458). Twe other species of pine are ales present, vis., Aleppo pine (P.



A similar assemblage of faunal remains is reported for the Sado middens (althoagh
birds are very scarce), and Amaud proposes that here there is some evidence of seasonality.

edule and Scrobicularia plana in a ratio of 3:1 (Amnaud 1966, 1989). The presencs of thess
a distamee of 30 km from the sea (Admiralty 1943). Oyster (Crassostrea angulata) is present
rasor clam (Ensis spp.) was recovered enly at Arapeuca. Also present is the marine gastroped

1989).

mammals are deminated by red deer and, secondarily, wild pig. Aurochs, teo, is of some

17



environment (Amaud 19680, Rowley-Conwy n.d.a).

Rowley-Conwy (n.d.b) reports that st Fiais the range of mammals present is broadly similar
are dominated by rabbit. Roe deer, however, is more commen than at Cabege do Pes; and
mBMnhﬁﬁ&m&nﬂm“mmnmwﬂd
functioned as a base camp (Rowley-Conwy n.d.b; cf. Binford 1978, Legge and Rewley-Conwy
1968).

The analysis of meiluscs and crustaceans cellected st Fisis reveals significant
prosent are Screbicularia plans (47.5% by weight!) and eyster of. Cresscstres angulste




idea). A small number of fish testh was also

conat.
bossstoms). All are typical of this recky littoral teday (Lentacker n.d., Lubell e al. 1989,
At Mode Tojeire the faunal assemblage is made uwp entirely of melluses and




present. Aurochs, felid, welf, red fox, and hare are ales represented (Lentacker n.d.).

Jackes 1968).
is not understeed at present, hewever (Lubell and Jackes 1988).
assemblage is clearly do rinsted by limpets. Fish vertsbrae and fra

Estremadure



Alentaje const thet are dated between ca. 7500 bp and 5600 bp display a marked uniformity,
appearance of these large pebble tools on coastal sites may suppert a functional
interpretation that they were used to remove molluscs from rocks (Amsud 19686); it has also




in the Sade Valley may be explained by the lack of suitable raw material; and in fact a
muddy, rather than a coarse-grained substrate has been suggests
above).

dating te the eartier Moselithic, or Epipalacelithic ("Mesolftico de fécies arcaica ou

and 7600 bp suggests that economic strategies invelving the exploitation of a wide range of
Palaselithic (Zilhiie of al. 1987; ¢f. Straus of al. 1961, Dennell 1983, Price 1967). The presence
early Moesslithic context at Penta da Vigia, demenstrates sles a continuity in lithic technelogy
(Museu Nacienal de Arqueciegia ¢ Etnologia 1969:22; see also Clark 1836:xiv), correlating
with Perreira and Leitse's (1985) Portuguess Asilian tradition.

However, meny coastal sites in this area were likely inundated between ca. 10,000 bp
and 7500 bp during the Flandrian tranagressien when ses levels rese by 100 m to the pressnt
level (cf. Shackioton 1985). A coastal strip up to 60 km wide was lost (Arnaud 1966), and
of 8 move extensive cconemic systom (cf. Clarks 1976:406). The Pandsire shell midden, dated
hMthhb-Mb&Mﬁlﬂlﬂﬁﬂiﬂﬁnﬁiﬂﬁn
later Meoselithic represented by the Muge concheires.



available will be discusesd.



CHAPTER THREE
HUNTER-GATHERER ECONOMICS, SETTLEMENT, AND SEASONALITY

Whﬁcmﬁdnﬂmm.fuﬁdmham
faced by hunter-gatherer societios (Ames 1985:157); and is an important facter in both the
determination of site lecation, and in decisiens of ressurce scheduling (see alse Bailey and
Parkingten 1968). Jarman (1972) predicts that sites may be located close to the mest static
and most relisble rescurce. Jechim (1976) cbeerves that the placement of base camps near
secure resources is in fact a commen response by hunter-gatherers, accompanied by the
establishment of satellite extraction camps near other, mobile rescurces (Jochim 197663, see
alse Carlsen 1979:131). Carlsen and Mikkelsen (1979) further nots that a strategic response
te seasenal variatien of sbundant ressurces is the relecation of the base camp in an area
where thess reseurces can be expleited more officiently (Carissn 1979:133), characterized by
group movements within an snnual migration circuit (Mikkeloen 1979:79-80).

Vita Finsi and Higgs (1970:5) recegnise that many eccupation sites lie at the junction
of twe ecelegical sones, allewing for the integration of sconemically complementary ressurces.
Mellars and Reinhardt (1978:380-381) alse cbeerve that the location of sites near the
M‘MMWW“.*M‘W“MW
nete that site lecation en waterways ensbles ease of transport and communication.

Mehils Huater-Gethersrs

Binford (1960) distinguishes betwesn Toraging’ and ‘collecting’ systems. Feraging systems, or
mMmMMﬂmuth
torms of ressurces, such as equaterial forests, and ales with areas in which ressurces eccur
Mh“McWMwhm--M
%0 & situstion in which concumers are ¢lese 1o ene eritical rescures, but far from ancther
ogually impertant ressuree (Biaford 1989; see alee Carlosn 1979:113-135). Biaferd and



Figure 1.

on & shert-term but eften regular basis, which include flold camps (functioning
the same astivities will be undertaken mere froquently in the same places (Binford 1962:20-
31).

Weedburn (1900, 1962) classifies hunting and gathering secisties in terms of




leMwamhlﬁwmmmhm-ﬁdm
boats and fishing gear, fish weirs, stockades, beshives), and wild products which have been
1983:523).

In & study of the Tuluaqmiut Nunamiut, Campbell (1968) recognises the eccupatie
of a lake-side home base by all or most of the band during the warmer months of April, May,
and August to Octeber, followed by seasonal disbending and the occupation of smaller
settlements in sheltered valleys by two or mere families during the colder months of
November to January or April. He also recognises a number of spec sites,
Mb—hdﬂuwﬂdﬁm'ﬁhmmm
visiting and trading (Campbell 1968:15-17, Figure 2). A similar meodel of summer
aggregation and winter dispersal is advecated by Jechim (1976) in his study of the Meselithic

eccupstions, prebably on tributaries of the Danube (Jechim 1976:130-131, 171-174).

muw(m:u)mu&mmm:&mk
mmmm-ﬂhhﬂ.huﬂ-dnmi
ssasenal ressuress whith essur in the same plase. Awamber dPvesserchers in fact advesate &
more sedentary way of lifs, ot least in cortsin prepitious aress, during the Bureposn
Mosolithic (Dennell 1963, Svelshil 1900a).



Matson (1985:346) defines a sedentary hunter-gatherer society as one in which a single
settlement is occupied for a substantial portion of the year, and regularly reoccupied. He
further states that “the notien of a sedentary settlement pattern as contrasted with a mobile
falling somewhere in between”. Bailey and Parkingten (1988:9) offer a similar definition:
“mest people stay in one settlement for most of the year”. They also acknowledge a
continuum between a fully sedentary economy and a fully mobile economy; and cbesrve that
in coastal areas an intermediate sedentary-cum-mebile economy appears to be common, in
which the community is tied to a single fixed base, but groups move to various locations to

ular ressurces. A variant of this model is offered by Price (1985: 358) in a




1963:113).
Ainu economy was based on spring and autumn salmon fishing, and deer hunting in
the sutumn and early winter. Extra food stores, especially salmon, were prepared as an
Watanabe (1968:73) proposes that a fundamental factor relevant to the residential

sutumn, deer hunting during the autumn; 4) hillsides aleng the vallay, the location of
around the source of the rivers (net available to all groupe), the lecatien of hunting huts: bear
(Watanabe 1963:72).



the Ertebslle (ca. 6600 bp to 5200 bp) in Zealand (eastern Denmark) and Scania (southern
Sweden); and Noe-Nygaard (1983) recognizes a more settled way of life in Denmark during

base camps were established in coastal areas of Norway during the Mesolithic. Mikkelsen
(1979:80) proposes that settlements were located near the boundaries of different ecological
sones, each sone having been exploited by task groups occupying temporary camps which

migratory resources aggregate seasonally, were particularly favourable for the development

with stored foods when no migratory visitors were available. He identifies estuaries as
by boat or on foot along river valleys. Paludan-Maller (1979:125) also recognises the
importance of highly productive estuary ecosystems in the mesolithic economies of
camps ocoupied by at least a pertion of the lecal greup on a perennial basis during the Boreal



ﬂmmidmhﬁduhrj-ﬁhhuhhnmmuiﬁthnﬁn-mﬂmnznmﬁc
middens are composed of sediment, bone fragments, and intertidal molluscs (particu

identifies red deer as the major food source; and suggests that plant foods including acorns,
beechnuts, haselnuts, juniper, and cereal grasses were also utilised (Clark 1983:98-100).
Shellfish may have provided either a permanent dietary supplement, or an “insurance
resource” exploited intensively when other staples were unavailable or of diminished
productivity (Clark 1983:102).

Clark advocates that base camps would have been strategically located along
ecological zones, imhhﬁgmmwmmmnh-hmnufﬁdm;ndm
deer, the coastal plsin grassland and parkiand habitats of the horse and aurochs, the alpine
gone in which chamois and ibex were available on a seasonal basis, and estuaries in which
molluscs were available throughout the year. He also suggests that distant rescurces may
have been exploited by task groups sent out on a periodic basis, and that travel would have

ing river valleys (Clark 1983:108, Figure 9.4).

Clarke (1976) predicts high levels of human occu
view of this region’s high potential primary productivity, which is the result of a unique

shelf littoral (Clarke 1976:468). He notes particularly the high primary and edible
productivity of major estuaries snd associated marshes and lagoons (Clarke 1976:464, Tables
1&2).

Estuary ec s support a lesser number of permanently-residing estuary-
densities are higher. Purthermere, the edible prepertion of net productivity is high; and it




occurrencs in certain seasons only (McLusky 1971, 1981, Table 1.6; Walne 1972; Barnes &
in salts, glycogen, and vitamin A, are present throughout the year in great numbers (Clarke
1976:466, Erlandson 1988:108, Paludan-Muller 1979:126, Yesner 1980:729). Fish, ducks, and
as perennial residents and seasonal visitors (Paludan-Muller 1979, McLusky 1981); and a
wide range of edible water-related and terrestrial plants is also available (Clarke 1976:466).
The high resource potential of the Portuguese estuaries is complemented by that of adjacent
terrestrial environments. A range of very productive habitats, including marshlands,
grasslands, and forests, is rich in waterfowl, game birds, and mammals; and a wide variety of
herbaceous plants, root tubers, and rhizomes, and trees and bushes that bear edible fruits,
nuts, and berries (Clarke 1976:458, Roche 1972; see also Dimbleby 1978, Yesner 1980:729).
of mesolithic hunter-gatherers in Temperate and Mediterranean Europe between the
latitudes of 35° and 55° North, including Portugal (Clarke 1976:450).

The Settiement Model

1980:730). Specific resources located at some distance from the home base, or seasenal
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nutritional needs (Binford 1983:8). At the upland cave of Balma El Gai (Catalonia, Spain),
which is identified by Cuilaine ef al. (1962) as a kill site associated with the exploitation of
dﬁ.wﬂdpﬁ.ihﬁ.mdmﬂnmﬂﬂcﬁémEitbnnﬁmmmpmdmﬂl
mﬂ(ﬁﬂbhﬁl)ﬂwghmn-mlm“m
(Fife) identified by Deith (1983a, 1986) as a regular source of raw material for the

strategy for the Sado valley during the Mesolithic. He advocates a two-season settlement

pﬂ:ﬁmvﬂvbzpnmm@msmﬁ:hﬁhnnzmmﬁngmdmmmr sociated
iﬁhimmhﬂtﬂlﬁﬁﬂldﬂsBﬂﬁ,mﬂﬂlh‘:ﬂhﬂ“ﬂrﬁ!miﬂﬂidﬂmm

utilized by task groups. Deith (n.d.) suggests that the winter collection of molluscs at a
rescurces were unavailable or in short supply.
ﬂhhﬂhﬂﬁdmu&mﬁuﬁmm-ﬁmﬁdbmwmiﬂu

The question of seass



ied by all or most of the local group for part of

(ef. Amand 1989).
portion of the local group, or a co-reside




The faunal assemblage of Cabego do Pez includes a wide range of mammals
and crustacesns appear only in very low frequencies (Arnaud 1966, 1989). Amaud suggests
Mﬁsﬁmhh&uﬂunwﬂbﬂmm“ﬁnqﬁwhﬂ&g
mhuuumﬁmmummwumwu
while marine fish are available only during the spring and summer when they enter the
mummmmmubwbydhsdm-ﬁ“ﬁk
de Romeiras; and Arnaud suggests that they tos may have been occupied during the winter,
or during a transitional peried betwesn winter and spring (Amaud 1969).

m%wmw)hambﬁmmﬂﬁnmmupnm
" Cabego do Pesz; and determined that the animals were killed between September and
Jm.uammm.ﬁdtnﬂhmudnﬁr&miﬁph
southern Eurepe is not restricted to spring as it is in the north (Rowley-Conwy n.d.b:3). Deith
reports the winter collection of molluscs at Cabego do Pes, and autumn-winter or early spring
ummmmmma.w.mmmr.mmd
diagenetic changs on specimens from the former site (Deith n.d). Such change involves the
dissolution and reprecipitation of shell material, with isotopic exchange between shell
carbenste and ground water (Deith 1965b:119); as a result seasonal determinations on
melluses from Cabege do Pes are questionable.

Sites lecated farther downstream on or near the Sade contain lower frequencies of
mammal remains, but fish and crustaceans are better represented (Arnsud 1986, 1969).
Mmum&&m-quw“n“.dmﬂrhn
qm&hwmﬁ-&m.ﬁ&m%hhu“w&ig
hmwimmﬂMhMMMmﬁni
marine fish were recovered at Arapouce, including meagre and Speridas which are known to
mmumumm—wumumavnﬂ
wm.u-u(mwuu*mmmdﬁ-



Evidence for the autumn-winter collection of molluscs st Arapouca (Deith n.d.)
However, the pressnce of ‘winter’ rescurces at a ‘summer’ site does not necessarily invalidate
Arnsud’s interpretation: Binford (1962:15-16) predicts that sites may be utilized
it occupation of this site since large and small

available year-round (Arnand 1980). A wide range of plant foods would have been available,




(Rowley-Cenwy n.db:3). Deith (n.d.), however, has demonstrated the potential value of



s were conductad at the mesolithic shell

In the spring of 1908 preliminary investigati

municipality of Lourinha, abeut 50 km northwest of Lisbon (Figure 2). The open-air site is

asl at the crest of the interfluve; to the seuth, the valley rises more steeply to just 00 m ael.
lecated just sbeve the fleed plain, at a peint where the vegetable gardens give way to the







river mouths; ports and fishing harbours are kept open only by frequent dredging (Admiralty
1942, Ferreira 1962). The more extensive palascestuary of the Alcabrichel liss to the south of
Porto Nove, now a sandy beach knewn as the Praia de Santa Rita (Zilhie «f al. 1987). Tidal
penetration is severely restricted, especially during the drier spring and summer months;
and, in fact, intertidal shellfish are not collected on the river today (J. Zilhiio, pers. comm.
1988), due in part to the sand berm at the meuth of the river, and also to & decrease in
stream volume as a result of the widespread drilling of wells for domestic and agricultural
purposes (Carta Militar de Portugal, Series M888, Shest 361, 1970).

The alluvial deposits of the flood plain of the Alcabrichel presently support the
cultivation of coreals, fruit, and vines. These depesits are of Recent erigin; and are the result
of the rise in sea level during the Flandrien tranegression, and, more recontly, an increase in
eresion brought sbeut by the intensification of agricultural activities (Ferreira 1982,
Beckinsale and Beckinsale 1975; cf. Vita Finsi 1969).

Limited palynelegical evidence suggests that during the 8th millenium bp seuthern
Portugal supperted widespread decidusus eak forests and csastal pine weeds. A pellen core
taken from an sncient coastal lageon near the Sade estuary, dated between ca. 7500 bp and
6500 bp, reveals a predeminance of arboreal pollen frem humid Mediterranean decidueus
species (particularly cak, Quercus spp.), trus Mediterransan sclerophyllous species (such as
olive, Oles spp.), and littoral Mediterranean pines (Pinus spp.)(Mateus 1965). Pine appears to
have beon sbundant en the litteral during the Bereal phase of the Holocene, but declined
sharply by the beginning of the Atlantic. Alse present in the inner areas of fluvial basins was
alder (Alnue 59p.), ash (Prexinue opp.), and olm (Ulmus spp.XArnaud 1906).

The sbundance of eak and the desline of pine is ales indicated in the Serra da Bstrela
of north-eontral Portugal, where twe pelien sores have boen ebtained st Lagea Compride,
losated at an clovation of 1000 m ael. Van den Brink and Jansesn (1965) recegnise seven
polion senes in & soguence dated from the 10th millenium bp to loss than 1000 years ags; twe
of thess senes ave of interest here.



followed by pine which decreases in frequency throughout the sens. Birch (Betuls spp.) is
present in low frequency; juniper (Juniperus spp.) and alder are present in very low
frequency; and elive is present speradically. Non-arbereal polien, also occurring in low
and grasees (Cerealis). A date of 8310 + 160 bp has been detsrmined near the top of SDE-3,

Pertugal presently enjoys a maritime variant of the Mediterranean climata with warm, dry

are generally mid-Decomber to February; and the lowest temp ss usually occur in

rangs between 10.3°C in January and 22.1°C in August (Table 2). Rainfall eccurs mainly in
the sutuma and winter, with in excess of 00% of the tetal precipitation falling at this time
(Lines Escarde 1970). Drought conditiens (i.e. loss than 30 mm of rain per month) eccur
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may cease to flow completely. However, with the onset of the sutumn and winter rains,
The late Boreal-early Atlantic phase is associate

s at that time. In

that the range of delta O18 values is lighter than that for modern shells from the Sado
(1973, 1977) reports the presence of a crab, s tangeri, found today in Algarve and

Palynological evidence from the Lagos Comprida indicates that olive was present
Mtwhm.m:m&umﬁwMMmhﬂnmmﬂhm
ofolivoathiﬂ:crMdﬁﬁﬂ;tbﬂﬂtbﬂ@hﬁﬂﬂhiﬂdﬁﬁﬁﬂihijﬁn
ted from palynolegical data by Huntley

ostuary were in fact 2°C higher than at present.

Easavatien



exposed for approximately 100 m on its southern flank where it has been damaged by a
Mutﬁnmbm,hﬂexmﬁmsnmbdmukﬁﬁﬂiﬁgmiddm remains
intact. Lithic material and faunal remains, including molluscs, were recovered during the
excavations; and a radiocarbon date of 7800 + 110 bp was later obtained, based on a sample
of bone (Lubell pers. comm. 1969).

Preliminary investigations included the excavation of three one-by-one metre test
unitl.undtheclnril'ofammmﬁdomﬁmofﬂniadmtﬁigg'!‘wﬂiieemunig(ﬁ
and F7) were sited one metre north of the roadcutting section (F10) near the centre of the
wnﬂdmdmdu.andaMm&ﬂl)m“ﬂimﬁﬂdﬂmcﬂ:ermt
units (Figure 3). Each unit was excavated in § cm or 10 cm artificial levels using trowel and
brush, and all fill was screened through 5 inm mesh. Finds were stored in level bags (lithics,
bone, shellfish), and a one-litre bulk sample was collected in each 5 cm spit of F7 for
quantitative analyses of the midden deposits. Field identification of mammal bones was
undertaken by M. Jackes.

In test unit F'7 (Figure 4), concentrated midden deposits 40 cm to 60 cm thick were
overlain by 120 cm of grey/brown colluvium containing scattered bone and shell fragments,
lithic waste, and modern potsherds; moreover, no evidence of soil profile zonation was
observed (cf. Shackley 1975:3). The colluvial overburden had been disturbed by ploughing
which also appears to have damaged the upper part of the original midden, resulting in the
depesits. The midden is underiain by brown sandy deposits at ca. 160 em bs, replaced by
ehnydbwmdhtmlﬂumd”uummﬂémdhdzumﬁm
deposits was composed of a high concentration of shells, rock, and ash within a black sandy









sandy ition of the matrix (Table 4)Mayne 1967).1

anMlﬂe-hﬂmlhglmdm:g—phm.mnmmﬁum

145 cm to 150 cm bs, and four pieces in level 150 cm to 155 cm bs (Tables 5 and 7). Similar

midden deposits (net including bulk samples), most of which are of lagomorph. The highest
proper, again mainly of lagomorph but including bird, and possibly redent, reptile, and sheep

Test unit T1 was excavated to a depth of 140 cm be. Bene, shell, coramic, and Nthic

ﬂgﬁhﬁﬂﬂ'miﬁﬂ—md‘
hiﬁ-ﬁllﬂhni!ﬁhﬁld‘ﬂ




- j:i

&n’

Level
130 16.7
128 227
130 312
138 27.7
145 194
160 182
158 16.7

110
39
8.0
5.0
85
9.5
28
_89

ccoccocoe aﬁ.

“Mean 216

8o 8.1

12
27

Note: hﬂmmmdmmﬁ“mfm



“Tov Cor B Myt B0l Ven Ost Pro Bal Ple FPis Mam Pul Lit
130 106 1 1 4 1 3z 1 s 3 2
128 160 5 3 15 4 1 2 4 5 1
10 118 5 1 23 3 4« 19 4 T 2
138 37 10 6 7T 3 5 3 2 2 5§ 1
140 25 1 4 4 5 5 6 2 32
145 175 11 3% 1 2 3 20 38 3 15 19 6
150 48 6 &5 9 1 2 5 3 3 5 2
156 37 4 12 3 3 2 2 2 1
—All 80 & 12 66 13 1 233 66 11 3 3 43 17

Tov_Cer B Myt 8ol Ven Ost FPro Bal Ple Pis Mam it
e 13 3 23 1 11 1 - 1 4
7 3% 16 8 38 5 1 2 2 9 10
% 92 15 8 9 3 4 1 $ 10 6
8 17 3 6 1 1 1 2 32
920 10 4 3 2 3 2 32
100 3 4 3 1 1 1 38
10 § 7 1 % I _ 33
“Al 110 6 38 % 2 ® 4 0 0 10 36 136

Note: Laevels 80 to 110 are 10 em spits.

Cer C. eduie
Ser 8 plans
Myt M. edulis
Ven V.deccusols




One-litre bulk samples were collected from eight 5 cm artifical levels of unit F7 between 120

identification was net possible for all spe ories due to the very fragmantary
nature of the material (cf. Shackleton 19689).

Mammal bene was prossnt in low frequency througheut the midden. Fish (Plosss),
and ereh or lshater (Plessyemata) appesred in very low froqguency in enly ene and twe lovels




Taeble 7. Pandeire test unit F7: >3 mm fraction of 1 litre bulk samples (weight in grams).

Ple usl Pis Mam Pul Cha Roc ~ Lit
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6.0

e 138 88 T4
27 N4 118 75
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35
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1 228 127 64 78 13 30 27

2.1
452
438
M3
173

82 34
1.5 o1
01 118
09 09
31 46
25 38

938 84 41

ue 1885 46 B0

3 159 117 &9 173

. 188 128 23 &7

49 219 179 17 40 04 01

Charcoal

Pul Pulmonata (terrestrial gastropod)

Pisces
Roe Rock
Lit Lithies

Cha
Roe

Pis
. Prossbranchia (marine gastrepod)

Ost
Bal
Ech

unidentifiable shell fragments

Bchineidea (sea urchin)

Belanus pp.
Ple  Plescysmata (crab/lobster)

usf



V. decusssts appear to have been the more important foed seurces (Table 9). Furthermore,
smaller barnacies were prebably breught to the site attached to molluscs or rocks.
In Figure §, the frequency by weight of the five major shellfioh species is presented in
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Subphylum Clses __ Pamily (-ee) Spp.etgen (Kay)

Balanidae Balanus spp. (Bal)

Spp. ot gen. indet. (Beh)




+ = present.

Table 10. Pandsire test unit F7: maﬁﬂﬂﬂMilmmﬁ

semples (weight in grams).

ﬁ_& “Ber % — 8¢l Ve Ot U>s U2
110 — 83 0 3.0 1.6 06 F 40
118 1.,!.4 67 21 23 15 23 107.3 48
120 344 128 (¥ ] 74 26 39 131.7 76
126 20.7 314 118 75 6.0 52 w%1L8 111
130 429 219 179 79 40 38 203 14.8
138 60.1 228 127 64 78 69 290.7 124
140 462 158 128 23 8.7 11.6 175.8 99
145 438 148 185 4.6 80 108 13 93
150 4.3 159 11.7 89 73 119 208.6 8.7
186 173 8 Y ] 84 41 18 163.7 82
100 9.7 8.0 49 20 1.3 1.7 48.1 4.7
108 138 u 67 a8 1.0 0.7 128.5 7.4
178 28 0.4 0.3 9.8 kX ]

“Meen 131 iﬁ_ 90 &1 41 8.1 50 83

8D 183 885 67 37 24 40 815 33

Nete: See Table 8 for kay o taxa.

Lavels 106 and 178 are 10 em spits.
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shells of differing robustness, especially in the case of the thin-shelled razor clams
(Solenidae). The curves representing unidentifiable shell fragments (<2 mm and >2 mm
145 cm be. A chi-square test was employed to investigate variability in the frequency of the
the .05 level of significance (cheerved x% value: 39.44; degress of freedom: 28; critical x3 value

Discussi
A number of geomerpholegical changes have occurred in the Alcabrichel drainage basin
The pressnce of intertidal molluses in the Pandeiro midden, particularly C. edule, S. plana,
pessibly birds, and eortainly shelifich; ressurces which are, in fact, typical of the ecsnemy of




recovered; but limited palascecological gical studies do

suggest that acorns, pine kernels, hassinuts, juniper berries, and bracken roots would have

In levels 145 cm to 150 cm bs, and 150 cm to 155 cm bs of unit F7, the high frequency
Mbaﬁm.mmﬁuntﬂnhnuﬂhﬂm,ﬂnmjmhﬂﬁmdy
cm be) to 7800 ¢ 110 bp. Immediately sbove the feature lie the more highly concentrated

These observations point to the possiblity of a single episode of site occupation.
may be the result of repeated occupations in the same general area, particularly since shell
middens may accumulate at a rapid rate (Waselkov 1967:143). However, it was also observed
that the upper part of the Pandeiro midden has been truncated by ploughing, and it is not
hwnjudhwwhﬁnmdumﬁnﬁhﬂtsdqﬁhafmmlmﬂm
Purthermore, the high frequency of lithic waste recovered in unit T1 compared to that
cccupations in close preximity along the estuary, nor a more ce
eccupstion of the site can, st present, be ruled eut.




SEASONALITY DETERMINA

Analysis of shell growth was undertaken on a sample of cockles (Cerastoderma edule
optical mkwlﬁmmﬁmd:tﬁmﬁ.heﬂdﬁmthcmthiﬂn

shell growth of C. edule on the Mino and Vigo estuaries of western Spain near the Portuguese

mﬁmimmmcnhﬂdﬂhmmnwlgmmx(mmn)
wall of the organism (Pannella 1975). In the Cardii ae, growth increments are added arcund

Mlm-mﬂm&dﬂi-m-hnﬂnﬂlmppfwﬁdmg
mﬂhﬂhﬂi“&hﬂfnﬁﬁhlﬁﬁlﬂ.%ﬂ




Figure 6. m-ﬂm_mmamﬂmmm-dmm



local tidal establishment is known (cf. Figueras Montfort 1967:36, Deith 1965b:120), and may
be presented in terms of solar days or lunar months.
per 12.42 hr peried, or 1.93 high tides per 34 hr solar day. In any lunar menth (28.51 lunar
days, or 29.53 solar days) there are potentially fifty seven high tides (Clark I1 1974, Perkins
1974, Pannella 1975). However, it should be noted that actual tidal records depart from
interference; and tides may also be affected locally by the bottom topography of sea shore or
estuary (U.S. Naval Oceanegraphic Office 1965:1, Pannella 1975:274).

In the sastern Atlantic, spring tides of maximum vertical range occur with a
and earth are in eppesition. Neap tides of minimum vertical range occur with a similar
periodicity at the first and third quarter of the meon when sun, meon, and earth are in




hﬁ—-ﬂmhﬁhmnﬂﬂnﬁgﬂﬁjhﬁ(@nﬁﬂﬂﬂﬁ
1963:746).

Parvow 1971, Clark II 1074, Perkine 1974, Whyte 1978, Deith 1963a). Rendom events in bade







disturbance line extending back inte the shell structure, and a greeve on the cuter surface of
&MMMM“MWMM%M(M
1Xcf. Ham 1976:69, Corrate 1967:176). Other disturbances are also marked by a distinctive
line; but their more sudden appearance may result in a narrow greove on the shell surface,
mwmm.mw:mmm&mmmam
10).

It is difficult to differentiate between winter and 'other’ growth disturbance when
examining the surface sculpture of the shell, and any cbesrved evidence of grewth
distarbence may be mistakenly attributed te winter growth stoppage (Pannella and
MacClintock 1968:71). However, when a cross-ssction or acetate-peel replica of the shell is
examined, the sbeve-noted differences in grewth prior to, and following the event can be
cbeerved; and winter or ‘sther’ growth disturbance may be differentiated (cf. Rhoads and
Panella 1970, Ham and Irvine 1975).

Pxaparation of Acstate-Peal Reclices
mm«mmmmmmwumm
Pannells (1970:146-7), Farrew (1971:573-4), Richardeon et ol. (1979:378), Kennish ef al.
(1960), Deith (19632:438), and Cerrate (1967:176). Six precedural steps were undertaken
invelving cleaning, sectiening, embedding, grinding and pelishing, siching, and replicating.

1) Cleaning. Archaselegical specimens to which midden matrix and ether debris adhered
m.uuh.-mmmmuwhmmum
then cleaned with testhbrush and dental prebe under running water. Comparative specimens
weve beiled in a 5% selution of hydregen perexide (HgO3) to remove soft tissue.

Q“Vﬂmm“nﬂyhﬂ-b"ﬂ*mhhdh
ﬂﬁhﬂd—huﬂ.ﬂ.awwu-lmm-vﬂf



in order not to exaggerats the width of growth increments (¢f. Farrow 1971:573, Plate 108(2)).

3) Embedding. One half-section of each valve was embedded in Cold Cure epoxy resin. The
cut section was positioned near the surface to facilitats grinding and polishing.

4) Grinding and Pelishing. Cut sections of valves were ground to the line of the mid rib in
ovder to expose the axis of maximum grewth, using lepidary wheels with the following
sequence of grit sizes: 330, 400, 600. The sectiens were then polished on lapidary wheels
using 6u diamond pewder, follewed by 0.00; alumina powder. Shell surfaces were thoroughly
cleaned with scap and running water bstween sach stage to aveid contamination by larger
particles (cf. Kennish ef al. 1960:509-600).

8) Etching. Valve sections were immersed in a weak solution of hydrochloric acid (HC)) in
order to enhance details of growth increments (cf. Farrow 1971:574). A series of tests was
undertaken to determine the eptimum etching time (¢f. Rheads and Pannella 1970:146),
which proved to be a ene-minute immersien in 1% selution of HC! (ene part concentrated
(38%] HC1 to ene hundred parts distilled Hg0). Each sample was then thorsughly rinsed in
water to wash away the acid, and set aside te air-dry.

6) Replicating. Etched valve sections were floeded with acetone; and a piece of acetate film,
basked by a glass slide, was firmly applied to the surface. A small weight was placed en tep
Mh“bmlh“-ﬁlﬁomwmm
veplica was then removed and mounted between twe glass slides.

Asstate-pesl replisas of comparative end archacslegical specimens were examined by
means of optical misressespy at magnifications of x00, x150, and x000. Tidal grewth
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and 3; Parrow 197187-8; Perking 1974:49-50; Clark 11 1974).
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1 1 3 1
2 1 : 1
3 1 3. 1
4 M2 1 n1 200 108.8 0
] 1 ] 87 0
6 1 0
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7, sach of which attained a height of 16.7 mm during their first year. Figueras Montfort also

nes. 1 te 5 may repressnt an earlier spat settiement during the 1988 spawning seasen, and
specimen nos. 6 and 7 a later settlemer

increments ranges from 165 te 304, with a mean of 187.2 + 14.3! (Table 11). Generally, tidal
growth increments appear fairly uniform; and ne grouping of increments was cbeerved. This
Deith 1906:74). Specimen nes. 1 to 3 display ene ‘other’ grewth disturbance line prier to
line and winter growth line ranges from 80 to 113, with & mean of 92.0 £ 14.9.

N o m

1 Specimen ne. § is net included here sines this individual appears to be anemalous.



Since there are potentially 1.93 high tides per solar day on the Portuguese coast; this
calculation gives a range of 85.5 to 106.7 selar days, and a mean of 97.0 £ 7.4. Therefore,
following winter stoppage, shell growth resumed bstween 34th February (specimen no. 3) and
16th March (specimen ne. 7). The mean date of growth resumption is 5th March, and the
statistical rangs represented by ene standard deviation is 23th February to 13th March.
Alternatively, the number of tidal growth increments counted between growing edge
and winter growth disturbance can be converted to lunar months using the following
formula:
(m

(na. of grawth incraments)
(potential ne. of high tides per lunar month)

There are potentially fity seven high tides per lunar month en the Portuguese coast; and so
this calculation gives a range of 2.9 to 3.6 lunar menths, with 2 mean of 3.3 £ 0.3. (Figure 7).
Lunar menths can be converted to sclar days using the following formula:

amn)

(no. of lunar months)(ne. of selar days per lunar month)

There are 29.53 solar days per lunar menth; therefore this calculation gives a rangs of 85.6 to
108.3 selar days and & mean of 97.5 £ 7.5, indicating that shell growth resumed between 23rd
Pebruary (specimen ne. 3) and 16th March (specimen ne. 7). The mean date of growth
resumption is 4th Mareh, and the siatistical range represented by ene standard deviation is
23vd February to 15th March. It aan b soen thet statistically identical results are ebtained
whether caleulating directly from tidal growth increments to selar days, or indirectly through
luner menths.

The sbove calculations indicate that Hllowing winter steppage, the resumption of
shell growth is predisted during a peried of approximately three wesks betwosn late
Pebrusry and mid-Mareh. The resumption of shell growth csincides with the eccurrence of
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many otherwise-intact cockles, and to the fragmentary condition of much of the material.
Evidence of winter growth disturbance was observed on four individuals only (Table 12).

Specimen nos. 1 to 4 each exhibit one winter growth disturbance line, and specimen nc
displays one ‘other’ disturbance line between growing edge and winter disturbance line.
bance line.

Additionally, specimen nos. 5 to 9 each exhibit one ‘other’ growth dists

Shell Height

The shell height of the sample ranges from 18.0 mm to 23.4 mm, with a mean height of 20.5 +
1.9 mm. The first year growth range of specimen nos. 1 to 4 is 8.4 mm to 16.4 mm, with a
mean of 12.23 £ 3.0 mm. Clearly, first year growth in the archaeological sample is significantly
less than that cbeerved in the comparative sample (range 16.7 mm to 23.8 mm, mean 21.1 ¢
3.0 mm). A number of factors which influence shell growth have been identified. It is
suggested here that the archasological sample represents a high-shore colony in which
growth stunting has resulted from extended periods of emersion during high tides of
minimum range, and this hypothesis will be discussed below.

Tidal Growth Increments

In specimen nos. 1 to 8, tidal growth increments form regular groups or patterns, each group
consisting of a series of growth increments which become progressively wider, then
surface sculpture of the shell is not nsually indented.

line (where possible) in specimen nos. 1 to 4, and between growing edge and ‘other’
disturbance line in specimen nos. 5 to 9. In specimen nos. 1 to 3, growth

n
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30 to 60, and the mean is 50.8 £ 8.5 (excluding group 1, the group closest to the growing edge,

Growth increment patterns or groupings have been cbserved on a number of intertidal
repeated each lunar month (Evans 1972, 1975; Farrow 1972; Richardson ef al. 1979). In a
study of the basket cockle, Clinocardium nuttali, from the Oregon coast of the United States,
Evans (1972, Figure 1; 1975, Figure 1B) observed a fortnightly pattern of shell growth
increments. The pattern is influenced by the peculiar nature of the mixed semidiurnal tides
every two weeks at the time of new and full moon, results in a regular pattern
of wide (spring tide), and narrow (neap tide) growth increments (Evans 1972:417; Pannella
1974, Fig 3.85). Farrow (1972) also cbeerved tidal patterning on specimens of C. edule from the
would not be immersed at high water neap tides. The pattern produced is one of wider
growth increments during spring tides, and narrower increments, or even brief periods of

Figure 8).
Researchers ales predict a monthly pattern of growth (Rhoads and Pannella 1970,
Clark 11 1974, Berry and Barker 1978, Luts and Rhoads 1960). The actual alignments of sun,
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shore ceckles may not be immersed at high water during neap tides of minimum oecillation

The potential number of tides, and therefore tidal growth increments, per lunar
minimum oecillation, the actual number of growth increments per monthly group is likely to
vary. A chi-square test was employed to investigate variability in the frequencies of cbeerved
growth increment groups in specimen nos. 1 to 4 (Table 13; groups 2 to 5 were used in the

groups (chesrved x2 value: 14.119; degrees of fresdom: 9; critical x2 value at the .06 level of
significance: 16.9190). A second chi-square test was used to investigate variability between
the mean number of growth increments cbeerved in the same specimens (Table 13), and the
potential number of high tides per lunar month (i.e., 57). There was found to be no significant
difference at the .05 level of significance (cbserved x3 value: 2.465; degrees of freedom: 3;
critical x3 value at the .05 level of significance: 7.81473).

The growth increment greupings cbeerved on the archaeclogical sample are
the distinctive growth lines ceincide with periods of minimum tidal oscillation when growth
incroments may be missed. Thevefors, it is propesed that the period between winter grewth
steppage and the death of the individual can be calculated by counting growth increment




specimens (cf. Cerrato 1967:177)Figure 9).

above, this fact would suggest that the individual died between mid-October and early
the sixth month following growth resumption; i.e., mid-September to early October, and mid-

disturbanes line does occur near the time of the summer solstice when growth disturbance is

; i.e., mid-July to early August. While this

predicted for high-shore individuals (Figueras Montfort 1967:378-7, Perkins 1974:49-60), it

may simp!, represent a random or individual event since no similar disturbance was
disturbance line occurring within one (specimen ne. 9) or two (specimen nos. 5 to 8) lunar
months of death (Figure 9). In the absence of winter growth lines it is not possible to
hﬂﬁﬁ--m;mummlhl.ﬂunnlﬂﬁﬂmmﬂhtmgdﬁ
The majority of specimens (nos. 10 to 30) revealed no evidence of winter or other
Mmm.hmiﬁﬂmmnmmlﬂm
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growth sequence (Deith 1985b:121).

Di .
nﬁmmmmmmammmmwmm-hﬂm
shell growth analysis: the lines between increments must be visible, they must have
ehmohgialﬁmiﬂwm.mdthunnuthammﬂmuk«ﬁmwhkhbmnﬁnl
growth (Deith 1965b:121). Previous attempts to determine seasonality based on the analysis
Mﬁwmwmummwkhhnpwmmﬂléﬂhm
dnﬁultymdnﬁcmwuhtmmmmthdnmhnumduhniﬂﬂh
disturbance events, and the inability to identify a datable point in the annual growth
mbwbidnmhnqmtmﬂiimmﬁmldbonmd(m n.d., Lentacker in
liss. 18.i.89).

It has been demonstrated here that winter growth disturbance lines can, in fact, be
ﬁuﬁﬁdmmﬂmmmnmmmmmihﬂﬁ
Mmmhmummmmwmmmm
be possible, based on the interpretation of cyclical patterns of growth and growth
disturbance, even when individual tidal growth increments are not distinguishable.
m.mmwmmhmcMMm&.gn
more reliable than determinations made on counts of individual tidal increments, since
qumhmwmummmtdmﬂh following
mmhlihlybmmmthuhnm.‘mu)pﬁﬁdﬁm
illustration: a count of growth increment groups between growing edge and winter
Mm;m.au.tdwww(ﬂumﬂhhhﬂu
fith menth (using formule (11D



from high-shore levels only. Larger, more succulent individuals are usually found on the
lower shore; and it might be expected that this area would be exploited preferentially,
particularly during late summer-early autumn when equinoctial tides expose the lowest
levels of the shore (Farrow 1972:64-66, Figures 3 and 4; Deith 1986:75). The fact that only
ively, this fact may be the result of adverse

micro-ecological conditions which inhibited the cc



Two major problems relating to the mesolithic economy of southern Portugal have been

terms of alternative hypotheses. A further problem has been outlined, that of difficulties
Evidence obtained during preliminary investigations at the mesolithic site of
the later Holocene, and the presence of estuarine species in the midden deposits demonstrate
that the site was located on the palascestuary of the Aleabrichel drainage basin. A wide
An@cm&ﬁmtnmmﬁ,m“qmuuhu
analyses of midden deposits and visual ex minstion of site stratigraphy. However, it was also




It has been demonstrated that seasonality determinations can be undertaken by
present in large numbers on many Portuguese sites dating to the early Postglaci

summer to mid-autumn. However, the sample was taken from one location only of an
scarce.
Bailey and Parkington (1988:9) observe that while seasonality studies may

problems.
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