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Abstract

Relative to other periods, there are very few recorded sites of middle Holocene age in Mendoza Province, Argen-

tina. This analysis weighs the preliminary results of a regional study in Mendoza against three possible explana-
tions for the small number of middle Holocene sites: poor visibility, reduced population density and behavioural
adaptation. While changes in visibility and population density cannot be dismissed, evidence suggests that the
scarcity of mid-Holocene sites in Mendoza reflects changed patterns of land and resource use triggered by

climate change. Archaeological data from the region fit the predictions of Charnov’'s marginal value theorem and

a cost-benefit model of lithic procurement, and suggest that hunter-gatherer groups curtailed their mobility during
the middle Holocene, producing a more cryptic archaeological record.

1 Introduction

Archaeological and palaeoenvironmental data indi-
cate that the middle Holocene (between 8000 and
4000 BP) was a time of warmer, more arid conditions
in many parts of the world (Albanese & Frison 1995;
Anderson et al 2007; Antevs 1948; Butzer 1957; Nufiez
& Grosjean 1994; Sandweiss et al 1999). Indigenous
populations living in areas affected by this trend ap-
pear to have been impacted by resultant changes in
resource availability (Antevs 1948; Deacon 1974;
Grayson 1993; Humphreys & Thackeray 1983; Meltzer
1999; Sheehan 1994). Researchers in southern
Mendoza Province, Argentina (figure 1) report a local
expression of this larger phenomenon, most notably
a conspicuous scarcity of archaeological sites dating
to the middle Holocene (Gil et al 2005; Markgraf 1989;
Nufiez & Grosjean 1994). (NB: Mendoza is the name
of both the province and its capital city. Hereafter,
Mendoza will be used to refer to the province. Thus,
‘southern Mendoza’ is the southern part of Mendoza
Province, between approximately 34-37° south lati-
tude.)

The perceived gap in the Mendoza record resem-
bles gaps reported for other parts of the western Hemi-
sphere during the middle Holocene (Antevs 1948; Gil

et al 2005; Grayson 1993; Humphreys & Thackeray
1983; Markgraf 1989; Meltzer 1999; Nufiez & Grosjean
1994; Sheehan 1994). The apparent similarity of re-
sponses across so vast and varied an expanse in-
spired a session devoted to middle Holocene adap-
tations at the 2008 Annual Meeting of the Society for
American Archaeology in Vancouver, British Colum-
bia (Garvey et al, this issue). The project described
here is still in its earliest stages and the data are
consequently few, but the Mendoza study serves as a
vehicle for a broader discussion of theoretical and
methodological approaches to the middle Holocene.

Two concepts guide the present research. First,
occupational hiatus at scales detectable in the ar-
chaeological record have profound implications for
our understanding of human adaptive capabilities and
it is correspondingly critical that we rule out non-be-
havioural factors whose expression can mimic aban-
donment or population diminution before interpreting
the significance of perceived gaps. Second, behav-
ioural ecological models offer a powerful means of
exploring the relationships between people and their
environments and of predicting responses to chang-
ing resource availability during the middle Holocene.
Testing archaeological data against these models’
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Figure 1 Mendoza Province, Argentina and the locations of sites mentioned in the text: 1 Gruta EI Manzano; 2 Arroyo Malo-3; 3 El Mallin

predictions can vastly improve our understanding of
both specific behavioural reorganisations and of larger
trajectories of human adaptive change.

2 Interpreting archaeological gaps: an example
from Argentina

Archaeologists in Mendoza report 206 radiocarbon
dates associated with cultural materials spanning the
millennia between ca 11,000 BP and European con-
tact (Gil et al 2005). The middle Holocene accounts
for over 36 per cent of the time since initial occupa-
tion, yet only 6 per cent (N=13) of the reported dates
fall within this period (Garvey, in press). The small
number of middle Holocene sites has traditionally
been explained in terms of local population dynam-
ics — rising death rates and falling birth rates — or
regional abandonment. These explanations imply that
populations simply expand and contract in response
to environmental change. Human behavioural flex-
ibility and decision-making, however, are important
and powerful counters to resources scarcity. When

local conditions deteriorate, hunter-gatherers can
make adjustments in settlement, subsistence and
technology in order to target new resources and use
previously-targeted ones differently. According to this
view, the hunter-gatherers of Mendoza may simply
have responded to middle Holocene conditions in
ways that made them less archaeologically visible,
giving the misimpression of abandonment.

To interpret gaps in archaeological records, we
must be able to distinguish human behaviours from
non-behavioural factors whose expression can give
the false impression of population diminution or re-
gional abandonment. In addition to reduced popula-
tion density, two plausible explanations might account
for the small number of middle Holocene sites cur-
rently known in Mendoza: poor archaeological visibil-
ity and behavioural adaptation. The material signa-
tures implied by these three explanations are not nec-
essarily mutually exclusive. Nonetheless, the most
likely explanation for any archaeological gap may be
determined by considering broad patterns among the
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material signatures in a region (Garvey et al, this is-
sue).

2.1 Visibility
Archaeological visibility is determined by three things:
preservation, site formation and sampling. Preserva-
tion affects site visibility proportionate to the quantity
of organic remains that comprise an assemblage and
the force of destructive agents in the deposition envi-
ronment. Low visibility due to poor preservation can
be diagnosed using proxies for increased reliance
on organic implements, such as an increased pro-
portion of stone tools designed to work bone or wood,
and indicators of a destructive environment. In
Mendoza, analyses are underway that will clarify the
degree to which preservation contributes to the lack
of middle Holocene sites in the region. These include
palaeoenvironmental reconstructions, detailed analy-
ses of trans-Holocene trends in bone weathering
stages (eg, Behrensmeyer 1978), and stone tool
analyses that will detect changing frequencies of
bone- and woodworking tools. Even at this early stage,
however, evidence suggests that poor preservation
cannot fully explain the gap in the Mendoza record,
namely, the few known middle Holocene components
in the province contain both stone and bone artefacts.
At Gruta El Manzano, a cave site in the eastern An-
dean piedmont (figure 1), none of the 63 bones de-
posited during the middle Holocene was modified
and stone tools are the dominant artefact type (table
1). AtArroyo Malo-3, a cave site in the Andes (figure 1),
bone artefacts outnumber stone artefacts by more
than 2:1, but none of them has been fashioned into a
tool. This analysis is coarse and permits multiple in-
terpretations, yet it provides evidence that stone tech-
nologies remained important and that at least some
bone survived the middle Holocene. If the sparsity of
middle Holocene sites in Mendoza were attributable
to poor preservation, we would not expect either of
these findings.

Natural site formation processes (Schiffer 1983,
1987) can bias archaeological visibility because they

are governed by geologic, hydrologic and climatic fac-
tors that are subject to fluctuation through time. Datable
episodes of deposition and erosion should be vis-
ible in river cutbanks, lake cores and archaeological
excavation units, and these can help to determine the
effects of site formation processes on middle
Holocene deposits. In Mendoza, climate changes
during the middle Holocene are likely to have influ-
enced site formation. The province is transected by a
number of major fluvial systems whose discharge is
largely governed by snowfall in the Andes (Gil et al
2005). Although the middle Holocene is character-
ised by a net decrease in precipitation, periods of
glacial readvance and subsequent meltwater dis-
charge during and after the middle Holocene (Stingl
& Garleff 1985) may have scoured or deeply buried
any middle Holocene archaeological deposits that
existed along waterways. Elsewhere in the region,
increased aridity may have exacerbated topsoil ero-
sion. Aeolian soil migration could have caused both
site deflation and increased sedimentation in par-
ticular microenvironments.

Stratigraphic evidence from Gruta El Manzano
suggests that site formation was affected by the mid-
dle Holocene climate. When the site was first exca-
vated in 1978, organic materials from the four lowest
culture-bearing levels inside the cave returned stand-
ard #C dates of 7330+150 BP (GAK-7259), 7110180
BP (GAK-7530), 7190+130 BP (GAK-7531), and
7070+170 BP (GAK-7532) (Gambier 1985:141). Re-
cently, archaeologists from the Museo de Historia
Natural de San Rafael (MHN) returned to Gruta El
Manzano to assess its condition and collect mate-
rial for a more systematic dating of the site (Gustavo
Neme & Adolfo Gil, personal communication 2006).
Two additional dates from upper strata, 2100+70 BP
(LP-1663) and 1300+50 BP (LP-166), confirm con-
tinued use of the cave after the middle Holocene
(table 2).

This refined stratigraphic sequence also shows
that the first part of the middle Holocene, between ca

total bone total stone bone:stone bone tools stone tools
Late Holocene Manzano 15 281 0.05:1 3 60
AMA-3 424 198 2.14:1 0 5
Mid-Holocene Manzano 63 1209 0.05:1 0 158
AMA-3 546 207 2.64:1 0 1

Table 1 Bone and stone counts at Gruta EI Manzano (Manzano) and Arroyo Malo-3 (AMA-3) during the middle and late Holocene
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Stratum 14C Date (cmbs) potential time span approx thickness of deposit
B 1300450 (50-60) ~800 years 60 cm

D 2100+70 (110) ~5000 years 30 cm

E 7330+150 (140-155) ~500 years 75 cm

E 7110+180 (155-175) - -

E 7190+130 (175-195) - -

E 7070+170 (195-215) - -

Table 2 Dated excavation levels from Gruta El Manzano. Note the difference in thickness between deposits of differing age and duration

7500 and 7000, was a time of rapid sediment accu-
mulation, when at least 75 cm of fine sand were de-
posited inside the cave. The subsequent five thou-
sand years, between ca 7000 and 2000 BP, are rep-
resented by a comparatively very thin deposit (approxi-
mately 30 cm; table 2). More detailed reconstructions
of site formation processes at Gruta El Manzano have
been proposed and will help to clarify the degree to
which middle Holocene archaeological visibility has
been affected by these phenomena. Scientists affili-
ated with MHN are currently working to understand
the region’s complex geomorphological history
(Sergio Diéguez, personal communication 2008).

Sampling procedures also determe what is ‘vis-
ible’ in archaeological records. Disproportionate fo-
cus on particular environment types can distort inter-
pretations of landscape use, for example. The mid-
Holocene archaeological record of southern Mendoza
currently reflects an overrepresentation of cave sites
in the Andes. Prehistoric hunter-gatherers exploited a
wide range of resources that were available at differ-
ent times and across diverse environmental zones
(eg, O’Connell & Hayward 1972). The preponderance
of cave sites is likely skewing our understanding of
prehistoric land use in Mendoza. An on-going, regional
surface survey is designed to distinguish sampling
biases from the natural or behavioural factors cur-
rently limiting archaeological visibility (Bettinger 1977,
Thomas 1973). It will do this by testing randomly in
many more environment types than have been tested
previously, from the Andes, east across the piedmont
to the plains (figure 1), thereby providing a sample
suitable for addressing alternative explanations of the
observed occupational gap in Mendoza. Since Janu-
ary 2008, seven previously unrecorded open-air sites
have been located by this method.

2.2 Population density

Temporal gaps reported in southern South America
and elsewhere in the western hemisphere have tra-
ditionally been explained in terms of decreased popu-
lation densities due to death or abandonment (Antevs

1948; Barrientos 2001; Gil et al 2005; Grayson 1993;
Guraieb 2004). Such explanations imply that people
were unable to adapt to middle Holocene heat and
aridity, or that environmental refugia were available to
receive displaced populations. A gap due to popula-
tion reduction can be distinguished from one caused
by poor visibility only when factors that affect visibility
can be ruled out. An argument of this kind would be
bolstered by fine-grained evidence of simultaneous,
severe environmental degradation. Additionally, be-
cause not all organisms are affected equally by
changes in climate (FAUNMAP Working Group 1996),
determining which of a region’s resources are limit-
ing to humans and how these were affected by mid-
dle Holocene conditions will help to determine the
likelihood of reduced population density.

Camelids, especially guanaco (Lama guanicoe),
are frequently reported to have been the primary sub-
sistence resource among hunter-gatherers in south-
ern South America through much of prehistory (eg,
Borrero 1990; Neme 2007; Neme & Gil 2002).
Zooarchaeological data show that this trend is also
borne out in southern Mendoza (Neme & Gil 2008). If,
all else being equal, body size can be taken as a
reasonable proxy for resource rank (Lyman 1994;
Madsen & Schmitt 1998; Munro 2004; Winterhalder
1981), guanaco can be considered the highest-rank-
ing prehistoric resource in Mendoza, at an average
adult body weight between 100 and 120 kg (de Nigris
2004).

Encounter rates with guanaco may have been re-
duced during the middle Holocene due to shrinking
and shifting plant communities and unreliable water
sources on the eastern plains, by glacial readvance
in the Andes and increased snowfall in the foothills.
The fact that guanaco remained the predominant prey
species throughout the middle Holocene requires
explanation. One hypothesis is that human popula-
tion densities decreased along with those of guanaco,
such that their proportions remained relatively un-
changed. However, studies of modern guanacos’ feed-
ing behaviour in various microenvironments indicate
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that they are drought-tolerant ‘generalist herbivores,
adapted to utilize a wide range of forage types in a
range of habitats’ (Raedeke & Simonetti 1988:200).
As such, guanaco population densities may not have
been affected by middle Holocene conditions.
Biogeographic reconstructions of shifting middle
Holocene plant communities may assist geographic
information systems-based modelling of archaeologi-
cal site locations, which may have shifted in response
to a key resource’s adjustment to changed conditions.

Another test of whether the perceived occupational
gap in Mendoza is owing to regional abandonment is
to track population densities in areas less severely
impacted by middle Holocene climate change. That
is, if people left Mendoza during the middle Holocene,
potential refugia should reflect concomitant increases
in population density (Hildebrandt & McGuire 2008).
Archaeological records in parts of North America indi-
cate that some groups came to rely more heavily on
fish and waterfowl during the middle Holocene, per-
haps as a response to reduced availability of larger
game (Sheehan 2002). The hunter-gatherers of
Mendoza may have responded in a similar way. Chil-
ean researchers report continued occupation of Pa-
cific coastal areas through the middle Holocene
(Méndez & Jackson 2006). Many of these sites con-
tain tools made of non-local stone, which can be ana-
lysed and compared with a growing database of
chemically-identified stone in Argentina (Duran et al
2004; Méndez & Jackson 2006). The hypothesis that
Mendozan hunter-gathers moved to the coast during
middle Holocene droughts will be supported if the
foreign stone in Chilean coastal deposits can be
traced to eastern Andean sources.

2.3 Behavioural adaptation
At this early stage of inquiry in Mendoza, poor visibility
and decreased population density remain plausible
explanations for the perceived occupational gap.
Nonetheless, preliminary evidence from a multifac-
eted regional study suggests that changes in land
and resource use may be giving the misimpression
of an occupational gap. If hunter-gatherer groups in
Mendoza substantially reorganised their settlement
and subsistence behaviours to adjust to changes in
resource availability, the archaeological record they
left may be cryptic and difficult to detect.

By their very nature, occupational gaps are hard to
approach from a behavioural perspective. Historically,
adaptive behavioural alternatives to abandonment or

death have received little attention in the literature on
occupational hiatus. Microeconomic models of hu-
man behaviour offer a powerful means of exploring
hypothesised relationships between prehistoric peo-
ple and their environments, and of predicting re-
sponses to changing middle Holocene conditions.
The behavioural ecological approach is based on the
assumption that humans seek to maximise benefits
relative to costs. The models designed to test this
assumption are intentionally reductionist. By reduc-
ing complex prehistoric behaviours to a subset of sim-
pler, well-defined variables, archaeologists can iso-
late that which is central to a problem (Friedman
1953:36; Winterhalder & Smith 1992). Models can be
used in concert to triangulate on specific adaptive
decisions. The marginal value theorem and a model
of lithic raw material procurement are applied here to
predict alternative responses to middle Holocene
changes in the Mendozan environment, generating
explicit hypotheses that are tested against archaeo-
logical data.

The marginal value theorem predicts the optimal
point of departure from a resource patch (figure 2;
Charnov 1976). Because the amount of energy avail-
able in a patch decreases as foragers consume its
resources, after a critical point the optimising forager
should move to a fresh patch or suffer diminishing
returns. This critical point — the optimal departure time
— is determined by the amount of energy potentially
available in the environment as a whole, that is, the
energetic returns from all possible patches relative to
their distributions. When potential environmental en-
ergy is high, ie, when resources are everywhere abun-
dant, the optimal departure time is relatively low; for-
agers very quickly deplete patches to the point be-
yond which they stand to improve returns by moving
to a fresh one. However, in this situation, optimising
foragers find only small amounts of inter-patch travel
acceptable. When resources become scarce, the
optimal departure threshold is raised and foragers
should remain in a given patch longer but be willing
to travel farther to get to a new one (Bettinger 1991,
Charnov 1976; Garvey in press).

According to the predictions of the marginal value
theorem, foragers in Mendoza should have become
less residentially mobile (sensu Binford 1980) when
resources grew scarce during the middle Holocene.
This would be reflected in a shift during the middle
Holocene from fairly uniform, short-term residential
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Figure 2 Graphical representation of the marginal value theorem (adapted from Bettinger 1991; Charnov 1976)

bases to greater site variability, including longer-term
residential sites and logistical camps (Bettinger 1991,
Binford 1980). Less frequent moves during the mid-
dle Holocene would have required eventual moves to
more distant locales because, given the impoverished
environment, the next patch of resources rich enough
to offset the cost of moving would have been farther
away. In light of this, the proposed occupational gap
in Mendoza may not reflect reduced population den-
sity, per se, but rather a reduction in the overall number
of sites, each occupied for a longer duration.
Multiple lines of reasoning from preliminary re-

gional data suggest that Mendozan sites were occu-
pied longer during the middle Holocene than during
other periods of prehistory. For example, lithic arte-
facts from Gruta El Manzano suggest long-term occu-
pation during the middle Holocene. If artefact frequen-
cies can be taken as reasonable proxies for intensity
of use (Adams 1998), extended occupation is sup-
ported by the fact that artefacts were deposited in sig-
nificantly higher numbers during the first part of the
middle Holocene than at any other time (figure 3).
The composition of the middle Holocene component
is also consistent with this hypothesis (table 3),
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Figure 3 Raw counts of lithic artefacts per natural stratum (as described by Gambier 1985) at Gruta El Manzano. Stratum F (140-215 cmbs)
dates to ca 7500-7000 BP. The average artefact count per 10-centimetre level within this stratum is 161.2. This more than 2.5 times higher than
the next largest count (Stratum A, 0-40 cmbs, N=235, average of 58.5 per 10 centimetre level), and nearly 50 times higher than the lowest, non-
zero count (Stratum B, 40-60 cmbs, N=7, average of 3.5 per 10 centimetre level)

Number Per cent
local material 753 62
informal tools 97 61
informal/local 62 64
non-local material 456 38
formal tools 61 39
formal/non-local 19 31
biface thinning 28 3
thinning/non-local 18 64
all tools 158 13
all debitage 1051 87

Table 3 Counts and percentages of raw material and tool types at
Gruta El Manzano during the middle Holocene

namely, it is dominated by local materials and infor-
mal tools, or ones that show little production effort
(Andrefsky 1998). Formal tools are less common and
are frequently made of non-local obsidian. The ma-
jority of the bifacial thinning flakes, of which there are
very few, are also of non-local obsidian. Finally, the
middle Holocene deposit is characterised by a tool-
to-debitage ratio of 0.15:1. Similar trends in local ver-
sus non-local materials, formal tool production and
use, and tool:debitage ratios have been associated
with long-term occupation (Andrefsky 1994, 1998;
Kuhn 1991; MacDonald 1991; Parry & Kelly 1987).

A pattern observed at EI Mallin, a cave site in the
Andean foothills along the Rio Diamante (figure 1),
also supports extended middle Holocene occupation,
as predicted by the marginal value theorem. Here,
artefact frequencies differ dramatically between units
inside the cave and out, as well as through time (fig-
ure 4). In middle Holocene levels, there are far fewer
lithic artefacts inside the cave than there are outside,
while the opposite is true of late Holocene deposits.
This suggests extended occupation and a consequen-
tial preference for a well-maintained interior living
surface during the middle Holocene. Late Holocene
artefact distributions suggest stays of shorter dura-
tion, with less incentive to expend effort in floor clean-
ing during that time.

If middle Holocene Mendocinos were indeed less
mobile than their predecessors, we might make pre-
dictions about where to find these long-term occupa-
tion sites through additional behavioural ecological
models. According to the predictions of the central
place foraging model of subsistence, middle
Holocene base camps should be located close to
essential resources with high transport costs
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Figure 4 Number of lithic artefacts recovered from the interior versus the exterior of the cave at El Mallin. Level 5 dates to the middle Holocene

(Marlowe 2006; Zeanah 2000, 2002). During the hot,
dry middle Holocene in Mendoza, water may have been
the resource governing mobility, as it appears to have
been in other semi-arid zones of the western Hemi-
sphere (eg, the Great Basin; Jones et al 2003). In-
deed, all of the presently known middle Holocene
sites in Mendoza are located in upland valleys of major
rivers and their tributaries. Because resource biomes
are arranged vertically in western Mendoza, changing
rapidly with elevation in the Andes, if middle Holocene
hunter-gatherers were bound to water sources, they
may have tracked seasonally-available resources
from the upland river valleys in the west, downstream
to the rivers’ lower courses to the east, straying little
from the river valleys over the course of the seasonal
round (Garvey, in press).

2.4 A model of lithic raw material procurement

The marginal value theorem is a simple yet powerful
model for predicting behaviours during periods of cli-
mate change. The implications of the model extend
beyond settlement reorganisation; changes in re-
source use should likewise be reflected in the ar-
chaeological record. An economic model of stone pro-
curement predicts changes in material type frequen-
cies based on the costs of obtaining partiuclar
matierals relative to the benefits they afford. Weigh-
ing archaeological data against this hypothesis fur-
ther improves our understanding of potential behav-

ioural adjustments to middle Holocene conditions.

Some have argued that long-term occupation sites
should exhibit less variation in lithic raw materials
and a greater reliance on local stone than short-term
occupation sites (eg, MacDonald 1991; cf Andrefsky
1994, 1998). This prediction stems from the rationale
that short-term occupations are associated with mo-
bile groups whose movement across the landscape
is likely to bring them into contact with more varied
stone sources (Andrefsky 1998). From a behavioural
ecological perspective, this phenomenon might have
its root in more fundamental aspects of human deci-
sion-making.

Bettinger and colleagues (2006; see also Ugan
et al 2003) describe a model that formalises the
commonsense notion that, as more time is devoted
to particular subsistence activities, it becomes in-
creasingly beneficial to invest in more costly strate-
gies that increase returns. That is, technology should
track changes in the intensity of resource use. When
the currencies and constraints are appropriately de-
fined, this model can be used to predict lithic raw
material use. Stone types differ in their costs of pro-
curement, ease of use, and the benefits they afford,
just as technologies differ with respect to manufac-
turing costs and return rates (Garvey, in press). In
Mendoza, for instance, basalt appears to be charac-
terised by a modest procurement cost, given that it is
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Figure 5 Basic model for establishing the critical use time for raw materials, beyond which threshold a tool user will achieve a higher return rate
by switching from lower-cost, lower-quality basalt to higher-cost, higher-quality obsidian. The dimension time is divided into procurement plus
manufacturing time to the right of the origin, and use time to the left of the origin. Return rates lie along the y-axis (adapted from Bettinger et

al 2006)

immediately local relative to sites with middle
Holocene deposits, but it is a low-quality material with
a correspondingly low return. Obsidian, on the other
hand, gives a higher return, but its procurement cost
is also higher, since obsidians are located at appre-
ciable distances from archaeological sites, often
through the rugged terrain of the Andes. The return

rates of basalt and obsidian relative to the time it takes
to procure and craft tools from each, defines a critical
use time (figure 5). The amount of time devoted to a
task must exceed this critical threshold for higher-
quality, harder to obtain obsidians to be viable in the
presence of lower-quality, but readily available basalts.

Given that the marginal value theorem predicts
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restricted movement during the middle Holocene, we
should expect lower-quality, local basalts to be preva-
lent the lithic assemblages of this period in southern
Mendoza. In part, this is due to the fact that excursions
to localised obsidian sources in the Andes would have
inflicted both opportunity and absolute costs that may
not have been justifiable during the hot, dry middle
Holocene. Furthermore, groups staying longer in par-
ticular locales are likely to have widened their diet
breadth to include low-ranked resources such as
small game and plant foods (Garvey, in press; Jones
et al 2003). Thus, subsistence may have been too
generalised, and specialised tool use times too low,
to warrant trips for high-cost, high-return raw materi-
als (Bettinger et al 2006; Garvey, in press). This pre-
diction is borne out by the frequencies of obsidians
and basalts at Arroyo Malo-3 where local, lower-qual-
ity basalts predominate in middle Holocene compo-
nent (figure 6). During the late Holocene, basalt use
decreases and the use of obsidian increases dra-
matically. At Gruta EI Manzano, basalt and obsidian
occur in relatively equal proportions during the mid-
dle Holocene (figure 7). However, when all raw mate-
rials are considered, local materials constitute the
majority of the collection (table 3). Similar to the trend
seen at Arroyo Malo-3, use of non-local obsidians in-
creases markedly during the late Holocene (figure 7).

The pronounced shift in stone use after the mid-
dle Holocene further strengthens the argument that
middle Holocene sites in Mendoza are few because
of changed landscape and resource use. At the start
of the late Holocene (ca 4000 BP), non-local, high-
quality obsidians become more common, eventually
coming to dominate lithic assemblages (eg, figure
7). This trend implies either increased mobility, as
the marginal value theorem predicts for periods of
climatic amelioration, or more specialised tool use
resulting from a changed subsistence focus. That is,
subsistence resources probably rebounded after the
middle Holocene, but human populations appear to
have increased substantially as well, which would
have created competition and the need to intensify,
thereby driving the need for the high-quality raw mate-
rials one supposes are needed to manufacture spe-
cialised tools (Garvey, in press; Gil et al 2005).

The observed changes in the duration of occupa-
tion, site composition, and lithic raw material use
through the middle Holocene, are consistent with the
behavioural ecological predictions of the marginal
value theorem and the model of stone procurement
described by Garvey (in press). This suggests that
behavioural reorganisation contributes to the per-
ceived gap in the middle Holocene record of south-
ern Mendoza, Argentina.
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Figure 6 Trends in obsidian and basalt use at Arroyo Malo-3 through the Holocene
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Gruta El Manzano
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Figure 7 Trends in obsidian and basalt use at Gruta EI Manzano in the middle versus later Holocene

3 Discussion and conclusions

Granting that the data are currently few which support
the hypothesis that the Mendoza gap is due to human
behavioural adaptations, the evolutionary framework
proposed here provides a number of empirically test-
able predictions. An on-going regional study will pro-
vide the representative sample necessary to address
alternative explanations of the observed occupational
gap in Mendoza. Artefact frequencies and richness
indices, as well as site location and catchment data,
will define discrete settlement categories and inform
inferences about the subsitsence-settlement sys-
tems of which they were part, clarifying land and re-
source use at different times during the Holocene
(Bettinger 1999; Bettinger & Baumhoff 1982; Bettinger
et al 1994; Chatters 1987; O’Connell & Hayward 1972;
Shott 1986). Geochemical sourcing of obsidians and
basalts will make it possible to measure the diversity
of stone types among archaeological sites and the
distances that these types were transported over the
Mendoza landscape, and thereby to infer patterns of
mobility and overall foraging radii (eg, Bamforth 1990;
Basgall 1989; Eerkens et al 2007; Eerkens et al 2008;
Jones et al 2003). Furthermore, determining which
resources were limiting to human populations dur-
ing different periods and how these particular re-

sources were affected by climate change will help
define the range of alternatives available to prehis-
toric Mendocinos. Understanding these relationships
and, ultimately, how humans responded to major cli-
matic fluctuations in Argentina will clarify larger trajec-
tories of hunter-gatherer adaptive change worldwide.

The Mendoza project is designed to address both
a puzzling and controversial archaeological phenom-
enon in Argentina and more general aspects of hu-
man action and decision-making in the face of re-
source scarcity. These theses are by no means ex-
clusive to southern South America; similar gaps have
been reported for a number of regions throughout the
western hemisphere (Antevs 1948; Gil et al 2005;
Grayson 1993; Humphreys & Thackeray 1983;
Markgraf 1989; Meltzer 1999; Nufiez & Grosjean 1994;
Sheehan 1994) and elsewhere in the world (eg, Dea-
con 1974). Assessing responses to changing climatic
conditions using a behavioural ecological framework
permits comparison of these far-flung cases while
avoiding environmental determinism and ad hoc de-
scriptions. Behavioural models isolate variables that
are central to a particular outcome, thereby reducing
the unnumbered complexities of reality to a tractable
number of abstractions (Friedman 1953; Winterhalder
& Smith 1992). Archaeological data can then be tested
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against the resulting predictions for a more scientifi-
cally rigorous assessment of past behaviours. This
rigourous approach has not been applied widely to in
the study of perceived occupational hiatus.

True gaps in archaeological records may help to
define human adaptive capacity. Identifying real gaps
requires a regional approach and careful study of ex-
tra-behavioural factors that might also cause sparse
archaeological records. Failure to distinguish be-
tween natural and cultural causes of sparse records
may lead, at best, to an inaccurate reconstruction of a
region’s prehistory. At worst, concluding that people
are incapable of adapting to environmental change,
without first testing alternative hypotheses, could lead
to a fundamental misunderstanding of human be-
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