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In archeofaunal assemblages from different parts of the world there is a predominance of diaphysis over
articular ends. This differential proportion of diaphysis over epiphysis also characterizes a considerable
proportion of the faunal samples from Patagonia, especially those from caves and rockshelters. However, the
assemblages recovered from open-air contexts in south Patagonia shows an inverse pattern: a predominance
of the epiphysis over the diaphysis of guanaco (Lama guanicoe) long bones, contrary to the expectations
derived from their respective bone mineral density (BMD) values. The archeofaunal information obtained
from six open-air sites is presented and the pattern is evaluated and compared considering the diaphyseal
and epiphyseal long bone structure, the densitometric values obtained by Stahl (1999) for South
American camelids, the environmental characteristics related with the substrates (lacustrine clay and
sand dunes) of the sites and the regional taphonomic information. It is proposed that in dynamic
environments such as those here considered, the observed pattern is related to weathering/abrasion,
acting differentially on the types and position of the tissues that form the diaphysis and epiphysis. When
the diaphysis begins to open and fragment the fracture stops in the epiphysis. Such process would be
accelerated in cultural contexts as a result of obtaining nutrients from long bones -considered of low
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processing cost (sensu Marean & Cleghorn, 2003)- and blanks for artifacts, causes bone to be fractured.
Besides, the lack of large carnivores in Patagonia is another important factor that would affect the
differential representation on epiphysis over diaphysis. Similar results obtained on different substrates
can sustain the expression of the pattern on a regional scale while indicating that it corresponds to open-
air site contexts in general. Thus, the correlation between present elements and BMD would result in a
partial tool to evaluate the integrity of archaeofaunas from Southern Patagonia open-air sites.

Keywords: SOUTHERN PATAGONIA, DIAPHYSIS/EPHYFISIS, OPEN-AIR SITES, BONE MINERAL

DENSITY, WEATHERING/ABRASION.

Introduction

One of the main patterns obtained from
zooarchaeological researches is related to
the highest representation of long bone shaft
fragments over articular ends. This is a robust
pattern that has been observed regardless age
and source of the assemblages, being identifiable
both in old and new world contexts, and
from the Lower Paleolithic to pastoral groups
(Marean & Kim, 1998; Pickering et al., 2003;
Yravedra & Dominguez-Rodrigo, 2009).
Ethnoarchaeological results and experiences
in natural contexts indicate that among the
possible factors for this occurrence, we can
find the activity of carnivores (Binford,
1981; Faith & Behrensmeyer, 2006; Faith et
al., 2007; Marean & Cleghorn, 2004), the
role of weathering and BMD - which is greater
in diaphysis than epiphysis (Elkin, 1995;
Lam & Pearson, 2004; Stahl, 1999), and human
activity through the implementation of culinary
practices. The latter involves the differential
destruction of the epiphysis for nutrients
(Binford, 1978, 1981; Enloe, 1993; Gifford-
Gonzélez, 1989; Outram, 2001). This pattern
was also recognized in guanaco (Lama
guanicoe) archaeofaunal assemblages from
multicomponent stratified caves and rock
shelters from Patagonia (among others,
Borrero et al., 1998-1999; Bourlot et al.,
2009; De Nigris, 2001; Mengoni Gonalons,
1999; Rindel, 2009; Savanti et al., 2005).
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However, the archaecofaunal assemblages
recovered in open-air contexts of this region
showed an inverse pattern: a predominance
of the epiphysis over the diaphysis of the
guanaco long bones, running counter to the
expectations derived from their respective
BMD values. This differential preservation,
mostly related to large mammals, was
already identified by Conard and colleagues
in sand dune environments from South
Africa (Conard et al., 2008).

The objective of this work is to discuss
the possible causes of the differential
preservation pattern observed in guanaco
long bones of from open-air zooarchaeological
contexts of Southern Patagonia. The possibility
of this as the result of human behavior,
taphonomic process or the interrelationship,
is explored using different frames of reference
(Binford, 2001) and evaluating the guanaco
archaeofaunas from five sites located in
different regions of Santa Cruz province,
Patagonia, Argentina. The sites lay on
different substrates. Three of them are on
lacustrine clay sediments in the Perito
Moreno National Park -PMNP- (Istmo lago
Belgrano —ILB- and Lomadas Este Alero
Destacamento Guardaparques -LEADG) and
Pampa del Asador (Cerro Pampa 2- Ojo de
Agua -CP 2 OA). The other three sites are
dunes of the Lake Cardiel (Grippa Si Lito
No -GSLN and La Siberia 5 -LS 5) and
Lake Tar (Rio Meseta 1 -RM 1) (Figure 1).



These sites were chosen in order to investigate
different environments and substrates from
regions that show marked contrasts in
ecological terms (among others, elevation
above sea level, precipitation) to assess the
regional expression of the observed preservation
pattern.

The obtained results are the basis for
discussing different implications for the
study of archaeofaunas. These are not only
relevant to the archaeology of Patagonia but
also contribute to the discussion of the problem
on differential preservation of epiphysis and
diaphysis. This issue was initially proposed by
Binford (1988) and continued and extended
by Marean and colleagues on the basis of the
study of bone collections from Eurasia (among
others, Bartram & Marean, 1999; Marean,
1995, 1998; Marean & Assefa, 1999; Marean
& Cleghorn, 2003, 2004; Marean & Kim,
1998; Pickering ef al., 2003; Yravedra and
Dominguez-Rodrigo, 2009). These authors
emphasize the importance of considering the
diaphysis of long bones and not only the
articular ends in the quantifications, as was
done by Stiner (1998, 2005). It is important
to point out that the Patagonian case here
highlighted is completely different to the one
observed in the Old World, suggesting that the
role of local conditions should be considered
while the faunal analysis is performed.

General frameworks of reference

Southern Patagonia, the studied regions and
the guanaco

Southern Patagonia is characterized by a
high environmental heterogeneity and low
climate predictability (Endlicher & Santana
Aguila, 1988; Sturzenbaum & Borrelli, 2001).
This situation is directly related to the strength
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and persistence of westerly winds as the
southernmost of Patagonia is located in the
anticyclone area of the South Pacific, which
reaches the east of Patagonia after discharging
most of the humidity at the western edge of
the Andes. These winds are more intense
during spring and summer, when they have a
high drying power of the surface (Mazzoni
& Vazquez, 2000). According to their elevation
these regions can be discriminated in lowlands
(250-300 masl) and highlands (+ of 900 masl),
which has implications regarding seasonality
due to temperature and snow load.

The low endorheic basin of Lake
Cardiel (49° 00" S, 71° 45° W) is located
approximately 300 masl and carries a low snow
load. The weather is arid/semi-arid with an
annual rainfall between 100 and 270 mm. The
environment corresponds to a shrub steppe,
Western Patagonia District, Patagonian
province (Cabrera & Willink, 1980). This
general framework also applies to the case of
the lower basin of Lake Tar (250-300 masl).

The upper basin of the Perito Moreno
National Park (47°40 'S, 72 ° 30' W) -between
900 and 1000 masl- includes the basins of
the Lakes Belgrano, Nansen, Azara, Volcano,
Mogote and Burmeister. The climate is
temperate-cold and the annual rainfalls are
between 200 and 400 mm. Due to the altitude
and longitudinal differences, there are several
environments within the Park area: mainly
grass-shrub steppe and the Andean Nothofagus
forest. The other highland area is the basalt
plateau of the Pampa del Asador (48° S, 71°
30" W); a grassy steppe environment located
at 1100 masl (Cabrera & Willink, 1973).

The guanaco was the main prey for
hunter-gatherer populations along the whole
occupation of Patagonia (among others,
Borrero, 1990a; Mengoni Gofalons, 1999;
Miotti, 1998). As a generalist herbivore, it is
basically a grazer but it can also browse
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according to the offer of available food and
the time of the year. It lives mostly in open
places, occupying areas of steppe or prairie,
even though it can make use of the forest
habitat (Cajal & Ojeda, 1994; Montes et al.,
2000). Adult individuals have a weight average
between 88 kg and 120 kg (Raedecke, 1978)
while sex differences in body size are not
significant. Its behavior may be described as
seasonally territorial, though with exceptions
related mainly to zones with water
availability (Oporto, 1983). Three basic
structures may be identified in guanaco wild
populations: family groups, male groups and
solitary individuals (Puig & Videla, 1995).

The composition of the bones and the bone
mineral density

The bone matrix has a dual structure
composed of organic (collagen and other
proteins) and inorganic material (mineral)
(Lyman, 1994). The collagen fibers form
the matrix or structure in which the inorganic
component -composed of hydroxyapatite
crystals- is arranged. The mineral content
(calcium and phosphorus) provides the
hardness of the bones and their resistance or
compressive strength whereas the fibrous
organic portion provides their elasticity,
flexibility and supply tensile strength (Pierce
et al., 2004). The arrangement of both parts
on the bone governs the direction of the
bone fracture (Johnson, 1985; Lyman, 1994;
Miotti, 1998). The structural unit of compact
tissue is the osteon or Havers system,
consisting of blood vessels, collagen fibers,
lymphatic vessels and arteries, which are
longitudinally oriented to the axis of the
bone (Lyman, 1994; Miotti, 1998). They are
also accompanied with the collagen fibers
arranged in the same direction leading the
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reaction of bone to stress (Davis, 1987;
Johnson, 1985; Miotti, 1990-1992). This is
the case of the diaphysis while the epiphysis
is composed of trabecular bone. Both types
of tissues differ in their density, porosity and
arrangement of the collagen fibers (Lyman,
1994). When the bone is fresh this
heterogeneous distribution of the different
bone tissues allows fractures in the diaphysis
to spread to the epiphysis, where the spongy
tissue is stroked. There, the breakage is
stopped due to the differential density and
structure of the bone diaphysis, which causes
a deviation in the wave of energy (Miotti,
1990-1992). While the osteons operates as a
mechanical unit of the compact bone, moisture
content is an important factor controlling the
fracture. The fresh bone has a greater capacity
for energy absorption which allows it to contain
the stress, unlike those bones in a dry state
or with a high degree of dehydration at the
time of the fracture (Johnson, 1985, 1989).
Thus, the dry bone behaves as a brittle
inorganic material and can tolerate only a
small amount of force before breaking. That
is why weathering, which promotes loss of
moisture in the bones, is a relevant variable
(see Conard et al., 2008). In this regard,
Tappen (1969) and Tappen & Peske (1970)
showed that the orientation of the crack lines
and weathering fractures are generated during
the process of drying and collapse of the element
and they are related with the orientation of
most collagen fibers. As indicated by Gifford-
Gonzalez (1989) and Shipman (1981), the
loss of tension of the collagen fibers causes
cracks perpendicular to the direction of
thereof. This process would differentially
affect epiphysis and diaphysis because the
higher mineralization of the latter would
make them more brittle (Lyman, 1994).
Another important variable in relation
to the representation of skeletal parts is the
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bone mineral density since this property shows
variability between bones and its portions.
This affects the potential for preservation of
the elements involved (among others,
Beherensmeyer, 1978; Lyman, 1994; Elkin,
1995; Ioannidou, 2003; Lam et al., 1999).
In relation to the guanaco it has been shown
that the ontogeny generates variability in
BMD (Gutiérrez et al., 2010). Stahl (1999)
established different scanning places for
each of the bones of the South American
camelids. For example, a proximal humerus
with a fragment of attached diaphysis may
have three density values. Thus, greater
accuracy is achieved in understanding the
process that makes the preservation of the
present skeletal parts. The information
provided by this author agrees with the
values provided by other studies on BMD of
South American camelids (Elkin, 1995) and
with those obtained for other ungulates.
These studies support the expectation that the
more robust and harder parts of the different
elements are the more resistant to taphonomic
processes and likely to preserve (Ioannidou,
2003; Kreutzer, 1992; Lam et al., 1998, 1999).
In this sense, Marean & Cleghorn (2003)
postulated a model in which they proposed
two sets of bones characterized by elements of
high and low survival. This critical distinction
is given by the higher density and lack of
trabecular tissue, with high fat content in the
diaphysis of the elements of higher survival.
At the same time, the authors divide the process
of destruction in nutritive and nonnutritive.
The former is due to the action of animals
attempting to obtain nutrients from the
bones, while the latter is due to chemical and
mechanical processes mediated by BMD.
Control measures have been proposed
for the archaeofaunal assemblages considering
the representation of proximal and distal
ends of the humerus and tibia (Binford, 1981;
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Borrero, 1990a). As the proximal and distal
ends of these elements are different in their
BMD values, they are informative of the
integrity of the assemblage. While this is a
useful measure when there is no detailed
taphonomic studies (see Barberena, 2008),
it does not account for what happens to the
diaphysis.

The regional taphonomic information

Observations were conducted in the basin of
the Lakes Tar and San Martin (Belardi et
al., 2010) where guanaco long bones from 10
guanaco skeletons deposited in open air settings
and showing different weathering stages
(sensu Behrensmeyer, 1978) were collected.
These observations were complemented by
those carried out on isolated bones as the
regional archacological research was developed.
Weathering is considered to be the primary
agent for generating variation in the states
of preservation of the different elements.
The marked differences in temperature that
occur in southern Patagonia would collaborate
with that process (see also Pasda, 2005:14).
These observations were complemented in
Pampa del Asador and in the Lake Cardiel
basin, both on skeletons and isolated bones.
It is important to emphasize that fractures on
long bones were not caused by human action.

It is interesting to emphasize that in the
case of the shaft, the cracks are produced
according to the orientation of collagen
fibers (Behrensmeyer, 1978; Tappen, 1969;
Tappen & Peske, 1970) so they split in two
pieces subsequently. It is important to note
that some shaft pieces remain attached to
one of the epiphyses, while others fall away
as splinters (Figure 2). The explanation for
the observed pattern would be related to the
different position of the tissues that conforms



Belardi et al.

Figure 2. Different and progressive weathering stages on guanaco radius-ulnas.

the bony structure of the shaft, where the
tissues follow the longitudinal axis of the bone.
On the contrary, the fibers in the epiphysis
are arranged transversely and are very flexible
due to the presence of spongy tissue. So, when
the shaft begins to open and to fragment
according to that pattern, the destruction
process stops in the articular joint because
of the transversal position of the fibers
respect to the bone axis. So it is expected
that the weathering stages in long bones
archaeofaunal samples diminish towards the
epiphysis (Figure 2).

Methodology

The frequencies of guanaco long bones
(humerus, radius ulna, femur and tibia)
recovered at six open-air archaeological
sites assemblages from lake basins and
plateaus of southern Patagonia are analyzed
and compared on the basis of NISP (Figure
1). This is carried out with the objective of
finding whether the pattern aforementioned
is a local feature or could have a regional
character.
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The diaphysis diagnostic zones,
established on the base of topographic traits,
were used for skeletal identification (Mengoni
Gonalons, 1999). For NISP tallying, diaphysis
counted as one only when they were found
as isolated pieces of bone that could be
assigned to a skeletal element. Certainly,
this can lower the number of represented
diaphysis given that the ones attached to the
epiphysis were not considered but for evaluating
the advance of fractures, fragmentation and
the related weathering stages (see below). In
the same vein, it is worth mentioning that all
the studied sites have more diaphysis fragments
than the ones recorded, but they were in an
advance weathering stage that not allowed
them to be recognized as any skeletal element.
So, their remaining “fossil presence” was almost
none. Long bone fragments were not assigned
to diaphysis in a broad sense with the aim of
getting a better understanding of the pattern
of differential preservation by skeletal element.

In order to show the BMD differences
in bones and their different segments, the
values published by Stahl (1999) are used.
Lam & Pearson (2004) have suggested the
possibility that this methodology results in
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an underestimation of the shaft density because
it does not consider the structural heterogeneity
of the medullary cavity of long bones.
However, in that case this aspect merely
emphasizes the densitometric differences
between diaphysis and epiphysis.

A comparative basis is established to
evaluate whether there is a differential
representation of epiphysis over diaphysis,
considering that the fracture of the latter
would generate at least, two longitudinal
fragments, either as a natural or intentional
fracture, for example, to obtain the bone
marrow. Thus, ideally one would expect
that the long bone fracture produces two
diaphysiary segments and two epiphysiary
ones. It must be noted that these numbers are
much more than minimal for the diaphysis
because the expectations derived from the
experimental work performed by of Binford,
where the long bones of caribou (Rangifer
tarandus) -an ungulate as large as the
guanaco- were fractured, shows markedly
higher frequencies than the ones recently
proposed (see Binford, 1978, 1988).

Table 1. Mean bone mineral density values for
Camelid long bones (from Stahl, 1999)

Anatomic Portion Mean BMD
unit
Proximal 0.52
Humerus | Diaphysis 0.92
Distal 0.89
Proximal 1.11
Radius- Diaphysis 1.26
ulna Distal 0.81
Proximal 0.93
Femur Diaphysis 0.99
Distal 0.66
Proximal 0.65
Tibia Diaphysis 1.43
Distal 1.18
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The shafts of the humerus, femur and
tibia are the regions of highest BMD. The
exception is the shaft of the radius ulna,
whose value is placed after the olecranon
(Stahl, 1999). However, in order to emphasize
densitometric differences between epiphysis
and diaphysis, the values of the scanned
sites were averaged and grouped into three
regions: proximal epiphysis, diaphysis and
distal epiphysis. Based on the highest BMD
of the diaphysis, the main expectation is that
the epiphyses are more prone to destruction
processes (Table 1). Furthermore, when each
bone is considered separately, the higher BMD
values of the distal end of the humerus and
tibia are shown, the opposite occurs in the
radius-ulna and femur.

Based on BMD values, the integrity
of each bone in the different assemblages
considering the percentage of representation
of diaphysis and epiphysis were assessed.
The purpose of this was to illustrate the
degree of relative impact on BMD in the
composition of the studied assemblages.

The other central point of this analysis
is related to weathering, for which the
stages appropriately described and defined
by Beherensmeyer (1978) are used.

Archaeofaunal assemblages

The studied assemblages were recovered from
the surface of open-air archaeological sites in
lowlands and highlands, which show functional
variability (Table 2 and Figures 1 and 3). In
addition, the assemblages are mainly from
different moments of the late Holocene (last
2500 years BP). Among the faunal materials,
the ones from guanaco predominate. While there
may be cases of contamination by the
incorporation of modern bones, the presence
of processing traces and the association with



lithic materials support the human populations
as the main agent of accumulation.

Highlands

Perito  Moreno National Park (PMNP):
Istmo Lago Belgrano (ILB), Lomadas Este
Alero/rockshelter Destacamento Guardaparque

(LEADG) sites

The ILB and LEADG sites (both on clay
substrates of lacustrine origin) are in an
environment of shrub steppe near to patches
of Nothofagus forest (Rindel, 2009). They
have been postulated to be of limited
activities. The evidence supports the emphasis
on the execution of the initial stages of the
processing of guanacos. The frequency of
limb bones is much higher than the axial
skeleton, with the exception of the pelvic
and shoulder girdles, which are present in
important amounts.

Belardi et al.

The fragmentation index is low in
both assemblages and a high frequency of
modifications is recorded in association with
the implementation of the perimeter marking
technique and/or transverse fracture (this
involves the preparation of the diaphysis by
a complete or incomplete groove around the
surface, so straight edges transversal to the
long axis of the bone along with the
separation of the articular ends of their
diaphyseal segments are produced -Bourlot
et al., 2009; Mufioz & Belardi, 1998; Rindel,
2009; Rindel et al., 2007).

The weathering profile is moderate
to advanced, with most of the elements
corresponding to stages 2 and 3 (Rindel, 2009).

Pampa del Asador (PA): Cerro Pampa 2 Ojo
de Agua (CP 2 OA -PA) site

The Cerro Pampa Ojo de Agua (CP 2 OA)
site is located on the plateau of the Pampa

Table 2. NISP per site considering each skeletal segment for each of the four long bones studied. References:

px: proximal, dia: diaphysis, ds: distal.

Highlands Lowlands
PMNP Cerro Pampa Lake Cardiel Lake Tar
(clay substrate) (clay substrate) (sandy substrate/ (sandy substrate/
sand dunes) sand dunes)

Anatomic Unit ILB LEGAD CP20A GSLN LS5 RM 1

Px 6 4 10 15 4 12
Humerus dia 31 15 7 9 2 21

Ds 44 6 39 22 7 23

Px 35 14 15 17 12 15
Radius-ulna dia 23 13 6 13 - 10

Ds 31 13 24 18 4 7

Px 19 7 27 11 12 11
Femur dia 10 15 13 14 1 6

Ds 28 5 19 11 2 15

Px 16 5 11 11 7 11
Tibia dia 8 7 12 22 - 15

Ds 26 7 25 12 5 6
Total 278 111 208 175 56 152
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del Asador, in a shrub steppe environment
(Rindel, 2009). Archaeological material lay
on a clay substrate close to a spring. The
archaeofaual assemblage also corresponds
to the execution of limited activities, with
an emphasis on the early stages of processing.
It has been proposed for these upper areas a
logistic and/or seasonal use during the late
Holocene (Goili et al., 2000-2002), in contrast
to the use of lowland areas like Lake Cardiel,
which has evidence of residential use during
this time of occupation. The frequency of
limb bones is much higher than that of the
axial skeleton with the exception of the
pelvic and shoulder girdles which have high
values. The bone assemblage exhibits a high
frequency of processing marks that belong
to perimeter marking and/or transverse fracture
(Bourlot et al., 2009; Rindel et al., 2007).
As in the above cases of the PNPM, the
weathering profile goes from moderate to
advanced (Rindel, 2009).

Lowlands

Lake Cardiel: Grippa Si Lito No (GSLN)
and La Siberia 5 (LS5) sites

The archaeological sites LS5 and GSLN are
located on the eastern margin of Lake
Cardiel, in an environment of sand dunes in
the shrub steppe. The spectrum of activities
carried out would be more extensive than
the represented in the sites listed above.
Zooarchaeological studies indicate that in both
sites the activities conducted were dominated
by the early stages of guanaco processing,
dismembering and initial disarticulation
(Bourlot, 2009; Savanti et al., 2005). The
assemblages show high frequencies of upper
fore and upper hind leg, with skulls also
well represented in the case of GSLN. The
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level of the skeleton fragmentation is mostly
low. There is also a high frequency of
perimeter marking/transverse fractures in
bones, which is consistent with their fresh
and semi-fresh state (Bourlot, 2009; Bourlot
et al., 2009). The samples show advanced
weathering profiles (Bourlot, 2009).

Lakes Tar and San Martin: Rio Meseta 1
(RM 1) site

The Rio Meseta 1 site lays on a sandy
substrate at the east bank of Lake Tar, in the
sub-shrub steppe (Belardi er al., 2010).
Multiple activities would have been made there.
The recovered archacofaunal assemblage
shows processing evidence (cut marks and
percussion marks), among which include items
that have perimeter marking/transverse
fractures, indicating that at least a part of
this sample is the result of human activity. The
anatomical profile exhibits a low frequency
of axial bone contrasting with the predominance
of appendicular long bones. Considering the
fragmentation state of the assemblage, long
bones are extensively fractured. This is
reflected in the high frequency of negative
impact scars and perimeter marking. On the
contrary, bones with cancellous tissue or
portions where trabecular fat can be extracted
are not entirely broken. In this sense, the
percentage of complete bone reaches 69%.
The weathering of the assemblage is
moderate to advance.

Results

The retrieved information on the sites for
each of the long bones studied is presented
in Table 2 and their percentage of epiphysis
and diaphysis in Figure 4.
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In most of the analyzed sites there is
a predominance of the epiphysis of guanaco
long bones over the shaft fragments (Figure
4). If it is expected, as proposed, that two
fragments were set at least from a fractured/
broken diaphysis. So, the frequency of shaft
recorded must be markedly greater, but to
the contrary in 70.8% of the cases one of the
two epiphyses prevails and in all cases but
one (the humerus in PMNP) there are more
epiphysis than shafts (X7, = 321.24; X?ys.
v=235 = 35.17). Therefore, the expectation
derived from the BMD values cannot be
hold. Nevertheless, problems of differential
preservation would be recorded in relation
to the proportion of the epiphysis, since in all
assemblages the elements with greater
BMD tend to preserve. Thus, the humerus is
the one that fulfils the expectation of a
greater representation of its distal epiphysis.
Meanwhile, with the exception of site CP 2 OA,
in the radius-ulna, the proximal epiphysis
predominates, although the differences are not
as obvious as in the humerus. The representation
of femurs is more variable, as in the case of

the site LS5 which best fits the expectation
of the BMD. With the exception of site RM1,
the tibia fulfils the expectation of a greater
representation of the distal epiphysis.

The average length of the diaphysiary
fragments ranges from 87 to 104 mm (Table 3),
which has collaborated with its identification.
The representation of specimens with little
impact of weathering is very low and its
highest incidence is reflected in Stages 2
and 3, emphasizing that in all sites there are
specimens in stage 4 (Table 3). On this
basis, it can be argued that the identifiable
threshold markedly decreases from stage 4.

The indicated trends show not only a
higher frequency of epiphysis over diaphysis
in all the studied sites but also variability in the
proportional preservation between proximal
and distal epiphysis. Thus, it can be argued
that there is variability in the incidence of
BMD-mediated factors that would be acting
in the conformation of the archaecofaunal
profiles from the sites. Internal variations in
the weathering stages of the shafts and
assemblages in general would be related to

Table 3. Diaphysis percentages according to their weathering stages (including the four long

bones studied) and mean length of splinters per site.

Highlands Lowlands
Lake Cardiel Lake Tar
(cla Psl\:lll lt)ra te) (cCl:rrsouf):tT;)ti) (sandy substrate/ | (sandy substrate/
¥ y sand dunes) sand dunes)

Weathering

o ILB LEADG CP2 OA GSLN LS5 RM 1
stages (%)

0 1.09 3.55 0.17 10.89 0 0

1 8.32 16.12 5.33 9.9 0 15

2 30.14 35.79 40.96 29.7 66.66 63

3 36.89 37.97 40.96 29.7 0 13

4 24.57 6.28 12.4 17.82 33.33 8

5 0 0.27 0.51 1.98 0 0
Mean length of | ) 15 | 9687 87.46 87.63 | 878 100.21
splinters (mm)
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the moment of interception by the

archaeologists, as it is discussed below.

Discussion

In the analyzed sites from PNPM, Cerro
Pampa and the lower basins of the Lakes
Cardiel and Tar there is a predominance of the
articular ends of guanaco long bones over
the diaphysis fragments. This pattern, which
considers the functional diversity of sites as
well as the environmental and ecological
variability of their areas, can be extended to
other open-air settings in sandy and clay
substrates from southern Patagonia.

What is the reason for this pattern?
The answer should consider both cultural
and natural aspects. In the first case, with a
broken long bone few shaft fragments would
be generated as they may be attached to each
of the epiphysis. A second possibility,
complementary to the first one, would be
related to the transport of the shafts after the
epiphyseal removal. Finally, the intense
processing of the epiphyses to remove the
bone marrow, for example, may cause a failure
in the analytical recognition (see Enloe, 1993).

All these possibilities could have
happened in the studied archaeological
contexts. However, although the fracture of
the bone would leave the shaft attached to the
epiphysis, they would follow the destruction
pattern observed in the taphonomic samples:
from the diaphysis to the epiphysis, in this way,
the latter would continue to predominate. The
case of the transport of the shaft is difficult
to assess, so still remains as a possibility.
Nevertheless, the evidence indicates that, at
least some of them have remained at the
site. The intense processing of the diaphysis to
obtain the bone marrow may be supplemented
with the available on the articular ends
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(Outram, 2001; see Bourlot, 2009 for cases
in southern Patagonia), generating a very low
anatomical identification of the archaeofaunal
assemblages; although in these sites the
processing has been concentrated on the
diaphysis (Belardi et al., 2010; Bourlot,
2009; Rindel, 2009). A fourth possibility is the
use of epiphysis as bone tools -pounders-
(Hajduk & Lezcano, 2005). So, human
manipulation may delay the decline of the
bone. However, the frequency of such tools
in most of the analyzed assemblages is low
(Belardi et al., 2010; Bourlot, 2009; Bourlot
et al., 2009; Rindel, 2009). Thus, although
there are cultural aspects related to the
processing and use of the bones that could
have generated the observed profiles, they not
totally explain the pattern.

Sandy and clay sediments are generally
alkaline, a condition for a good preservation
of the bone material (see Belardi ef al., 2007).
However, these are deposits whose dynamic
is controlled by the sediment supply, the
intensity and variation of wind direction,
topography of the area, soil formation and
vegetation. In southern Patagonia the processes
of erosion and deposition are almost continuous,
making cycles of exposure and burial of
archaeological materials (among others,
Bourlot, 2009) that threaten the stability of
the bone specimens (see Conard et al.,
2008; Guichon et al., 2000; Massigoge et
al.,2010).

Archaeological deposits are affected
by the absence of vegetation cover to the
extent that, by deflation, lithics and bones are
re-exposed on surface. When these processes
are intense, the bones are deposited on a
matrix of clay/dry sand, increasing the
moisture loss from the bones. In this sense,
the high temperature that the surfaces of the
sites reached in summer by direct exposure
to sun and wind action would also affect the
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Figure 4. Percentages of epiphysis and diaphysis for each of the four long bones studied.
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bones, accelerating the drying process
(Conard et al., 2008; Johnson, 1985). This
would cause the rapid decline of one of the
main features of the bones, flexibility and,
thus, the resistance to stress. The point is
whether the diaphysis loss its moisture content
faster than the epiphysis or whether they
present lower moisture values as a fresh
bone. In addition, wind action on clay and
sandy substrates generates abrasion, helping
to destroy those bones that already were
fragmented by weathering. Genniesse (1982,
in Lyman, 1994:86) studied the abrasion
caused by sand particles on the bones and,
even when the results were not statistically
significant, he noted that more osseous tissue
was removed when an abrasive force is
perpendicularly applied to the grain bone
than when it was applied in parallel, in which
case the bone element tends to erode into
smaller fragments. Taphonomic observations
suggest that diaphisis are the first to suffer
fractures when exposed to open-air conditions,
indicating that dehydration occurs faster.
They begin to fragment (peel and crack)
following the natural line of the collagen
structure into the epiphysis. It should be
noted that the epiphysis keep together the
“vectors of collagen fibers". As diaphysis
open, more surface area is exposed to
weathering and abrasion, which accelerates
the process of exfoliation of the surfaces
and the deepening of cracks. The corollary
of this development is the gradual loss or
disappearance of diagnostic features of the
diaphysis and the conservation of the
epiphysis (see Figure 2). Thus, the articular
ends can become highly weathered but still
be identifiable to certain extent. Therefore, in
those specimens where there is a shaft segment
attached to the epiphysis, weathering would
decrease towards the latter (Belardi et al.,
2010). Moreover, human population needs
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for the nutrients contained in the medullar
cavities of long bones as well as for blanks for
bone tools, cause the fracture of the diaphysis.
The cooking of the different elements, add a
further impact factor that changes the
morphology of the collagen fibers, even
with the presence of flesh and moderate
temperatures (Koon et al., 2003).

The above findings provide new
elements of analysis to previous models that
discuss different lines of assessment of the
preservation potential of archacofaunal remains
(see Cruz, 2007, for a Patagonian case study).
They show substantial differences with
recovered assemblages in caves and
rockshelters; where archacofaunal materials
are not directly exposed to solar radiation,
the chances of abrasion are less and their
moisture remains relatively constant.

In the same way, variation is introduced
into the model proposed by Marean &
Cleghorn (2003, 2004) within the set of high
survival elements. The bibliography of the
Old World is prolific in cases in which the
scarce survival of the articular ends is
mediated by the activity of carnivores, since
these parts retain nutrients for a long time
after being used and discarded by humans
and, therefore, become attractive resources
to scavengers. An important issue is that in the
Old World carnivore/scavenger niches are
composed of animals capable of producing a
high degree of bone modification (Binford,
1981; Marean & Cleghorn, 2007). This is
not the case for the Holocene Neotropical
animal communities, where carnivores were
not able to introduce significant distortions in
the frequency of skeletal parts of carcasses
left by humans (Mondini & Muiioz, 2008).
In Patagonia the only large carnivore is the puma
(Felis concolor) that rarely has a scavenger
behavior. Instead it is characterized as a hunter
who occasionally consumes completely their
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prey (Borrero & Martin, 1996; Borrero et al.,
2005; Mondini & Mufioz, 2008). Moreover,
in Southern Patagonia there are two species
of foxes, Patagonian red fox and South
American grey fox (Pseudalopex culpaeus
and P. griseus, respectively). Although both
species include carrion in their diet (Silva et
al., 2005; Zapata et al., 2005), their small size
greatly inhibits a significant degree of bone
destruction on large prey (Borrero, 1990b,
2002; Martin, 1998, 2006). Thus, the absence
of a scavenging behavior for the puma and the
size of carnivores involved are other factors
contributing to the preservation of the epiphysis.

Conclusions

In open-air archaeological sites like ILB,
LEADG, CP 2 OA, GSLN, LS5 and RM 1
the expectations for bone preservation
according to densitometric values are not
completely fulfilled, as was observed in the
differential representation of diaphysis and
epiphysis, regardless the methodology for
BMD calculation (see for example FElkin,
1995 vs. Stahl, 1999). The articular ends, of
lower BMD, have a greater potential for
survival in the environments (highland and
lowland settings) and substrates (clay and
sand) here recorded (see Tables 2 and 3).
This does not necessarily indicate that the
bone assemblages are well preserved, but
there are parts that survive better than others,
even when it has been shown that BMD
varies with the ontogeny of the guanaco
(Gutiérrez et al., 2010; Massigoge et al., 2010).
In these cases, differences in the proportional
representation of epiphysis of a same
element seem to be informative (Binford,
1981; Borrero, 1990a).

Thus, the results of the correlation
between NISP/MNE values and BMD at open-

60

air sites can be misleading. Therefore, before
explaining the absence of diaphysis shafts by
cultural reasons in relation to transportation,
processing, handling and consumption, natural
causes should be considered. These results
corroborate those obtained by authors such as
Lam & Pearson (2004), Faith & Behrensmeyer
(20006), Faith et al. (2007), and Conard et al.
(2008) indicating that, regardless of the
BMD, other variables such as depositional
environment and the size, shape, strength,
thickness of the cortex and hardness of
bones must be considered when establishing
the survival rate of the different segments.

It is suggested that differences in the
representation of diaphysis and epiphysis in
different open-air contexts of Patagonia would
be related both to the time of interception of the
assemblages by archaeologists and differences
owing to hunter-gatherer decisions. In this
sense, further observations on long bone
destruction processes in Patagonia actual
settings are still needed, since in complex
contexts, cultural and natural factors have
been important. The process would begin
with humans breaking bones for marrow,
using for such purpose control fracture
techniques like perimeter marking/transverse
fracture (Rindel, 2009; Rindel et al., 2007,
2009; Bourlot et al., 2009). The result of the
implementation of these techniques would
leave the articular ends separated from
diaphysis fragments. From this, a differential
destruction process would be produced,
primarily affecting the diaphysis fragments.
Burial and re-exposure of bones along the
depositional history of the assemblages
would collaborate to accelerate this process
of differential destruction which ends with
shaft fragments so destroyed that they would
be no longer identifiable, together with fragments
of articular ends that still retain their diagnostic
features.



The archaeological implications of
the information here discussed are important
because they positioned open-air sites
within a larger framework where complete
bones or shaft fragments could be present,
but there are factors that produce differential
preservation of the articular ends, contrary
to expectations derived from BMD values.
Thus, the quantification of archaeofaunal
open-air assemblages will tend to focus on
them. This is not necessarily followed from
arguments presented by Stiner (1998, 2005)
or impair the value of the results achieved
by Marean and colleagues (among others,
Bartram & Marean, 1999; Marean, 1995,
1998; Marean & Assefa, 1999; Marean &
Cleghorn, 2003, 2004; Marean & Kim,
1998; Pickering et al., 2003). We extend the
range of variability known on processes that
lead to differential preservation of skeletal
remains, as well as contributed to establishing
methodological care for quantification. These
are results obtained on the basis of bone
structure knowledge -arrangement and type
of fibers, moisture content-, and depositional
and substrate contexts at open-air sites, like
direct exposure to changes in temperature,
abrasion and absence of large carnivores.
The results also allow the refining of
previous models and have implications for
discussions on archaeofaunas integrity and
quantification. At the same time, they
provide new references to evaluate
comparisons between assemblages from
open-air contexts and stratigraphy in
Patagonia. Finally, it is necessary to
emphasize the relevance of the issues raised
for the case of environments with
unsaturated niches of carnivore and with
little capacity for destruction of the
epiphysis, such as South America, Oceania
and Madagascar.
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