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Abstract: Many cultural and natural processes form the archaeological record. Taphonomy, the study of the transition of
organic matter from living contexts (the biosphere) to geological contexts (the lithosphere), aids in understanding how
agents and processes affect skeletal remains in the archaeological record. In this paper the results of an actualistic tapho-
nomic study on deposition of bones in open-air and cave contexts in the high elevation Andes Mountains are presented.
Results indicate that within the first three months after deposition many bones are displaced or removed from sites and that
the agents that act in each context are different. Horizontal displacement of bones from their deposited locations is limited
in the cave context but is dominant in the open air site. Carnivores appear to be responsible for moving bones in open-air
contexts, and rodents appear to displace bones vertically in the cave context. Such naturalistic experiments are important in

particular areas of the world in which local taphonomic processes vary.
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Introduction

For nearly two decades archaeologists have recog-
nized a need for development of actualistic tapho-
nomic research in central, western Argentina (Borrero
2002; Gil 2006; Neme 2007; Neme et al. 1995; Neme
et al. 1999; Neme and Gil 2008). Several zooarchaeo-
logical studies that focus on differential preservation
of animal remains and agents of bone destruction
have been published during the last five years that
help fill this gap (Corbat et al. 2009; Fernandez 2012;
Giardina 2010; Otaola et al. 2012). However, none of
the studies report results from actualistic experiments
that characterize processes and agents within the
context of regional environmental conditions.

The archaeological trecord contains material
products related to human activities that occurred in
the past. These materials are invariably exposed to an
array of processes from the time they were discarded
to the time they are recovered and investigated by
archaeologists. Zooarchaeology focuses on the
portion of the archaeological record that comprises
animal remains (e.g., remnants of bones, teeth, horn,
antler, shell, and other biological residues from
animals) that are recovered from archaeological sites.
Within zooarchaeology, taphonomy is the study of

peri- and post-mortem events that affect remains of
animals in the passage from the biosphere to the
lithosphere, including diagenetic processes (Efremov
1940; Olson 1980). These processes make up the
taphonomic bistory (Lyman 1994) of faunas, which are
assemblages of animal remains from a particular
spatial and temporal context. It is important to
understand how these processes influence the
condition (e.g., shape, completeness, identifiability) of
animal remains because bone, shell, antler, horn, and
other types of remains can be added to, removed
from, or modified within any particular assemblage
during its taphonomic history. In order to understand
past human behaviors related to subsistence and
human ecology, it is important to understand the
taphonomic histories of zooarchaeological assemblag-
es.

Taphonomic analysis relies on the use of analo-
gies to make inferences about taphonomic histories of
faunas. In some cases, these analogies are based on
actualistic studies in which agents and processes that
cause signatures (effects) are observed; this type of
analogy is termed a relational analogy (Gifford-
Gonzalez 1991; Hodder 1982). For example, in
Haynes’ (1980) research on carnivore damage on

Ethnobiology Letters. 2014. 5: 94-103. DOI: 10.14237/ebl.5.2014.227. 94



ETHNOBIOLOGY LETTERS

Research Communication

skeletal remains, analogies are based on observation
of carnivores ravaging bones, from which characteri-
zations of gnawmarks were made. Recognition of
carnivore damage on bones from archaeological
contexts is made by relational analogy because similar
processes (gnawing) are inferred to have led to similar
effect (gnawmarks). Formal analogies are a weaker
type of analogy that simply attribute similar cause to
similar attributes without observation of the processes
that led to the effects (Gifford-Gonzalez 1991).
Actualistic studies provide a means to develop
relational analogies; taphonomists develop studies for
assessing different manners in which diverse agents
influence (preserve, move, damage) bone, which then
aid in the construction of taphonomic histories of
faunas. Relational analogies rest on the principle of
methodological uniformitarianism, where it is
assumed that natural laws do not vary with time;
therefore processes observed in the present are the
same as those that occurred in the past (Simpson
1970).

There ate two kinds of actualistic studies:
naturalistic  studies and controlled experiments
(Marean 1995). The main difference between these is
that in experiments, the analyst controls variables to
precisely understand the relations between the trace
(effects on remains) and the agent that generates it.
Taphonomic experiments can be performed in a
laboratory or with animals in captivity, but can also be
done in natural settings (Blumenschine and Marean
1993). In such cases, the researcher controls and
manipulates the variables of interest, in order to refine
understanding of the process being studied. In
contrast, in naturalistic studies the analyst does not
manipulate the parameters of the process being
studied, since those processes occur in a natural
context. A classic example is Behrensmeyer’s (1978)
naturalistic studies on bone weathering in which bone
was exposed to natural weathering agents for which
stages were described. The strength of experiments is
precise control of taphonomic variables, but a
weakness is that experiments do not occur in realistic
contexts. Naturalistic studies, in contrast, benefit from
being carried out in realistic contexts but allow less
precise control of taphonomic variables.

In this paper, I present two naturalistic studies
carried out in southwestern Mendoza Province,

Argentina, in the central basin of the Salado River, in
the Andes Cordillera (Figure 1).

In this area, archaeological research had been

carried out for more than twenty years. Zooarchaeo-
logical remains that are recovered from sites are highly
fragmented and preservation is poor. Several process-
es affect these faunal assemblages during their
taphonomic histories, and the aim of this study is to
understand the processes that influenced bones during
the initial stages after their discard and deposition.
The focus of this research is on the agents that impact
bones from goat (Capra hircus) carcasses immediately
after deposition in the high altitude environment of
the Andes. Although goats were introduced during the
historic period, this study focuses on those processes
that influence ungulate skeletons and bone in general.

The area is located in the Patagonia physiograph-
ic province (Cabrera 1971), zoogeographically this
region corresponds to the Fauna de Montana,
consisting of mammals such as Puma concolor and Lama
guanicoe, Lycalopex: culpaens, Dolichotis patagonum, Lagidinm
viscacha, Microcvia anstralis, Akodon andinus and Phyllotis
darwini migratory birds that live in small lagoons and
creeks (e.g., Anas sp. and Choelephaga picta) as well as
scavengers birds, such as [ultur griphus, Caracara
Plancus and Milvago chimango (Roig 1972).

Methodology

Experiments were done in two locations and replicat-
ed in two sequential years; January 2009 and January
2010. The different locations wete labeled “Context
A” and “Context B”. Context A study was in an open-
air site, and Context B was located in a small cave
(Figure 1, A and B). Context A is 150 m from El
Desecho creek, at 35° 11’ 56.2” south latitude and 70°
03> 49.3” west longitude, at 2082 masl. The cave
selected for doing these experiments (Context B) is
located 1100 m from the Context A, near Colorado
Creek, at 35° 12’ 03.4” south latitude and 70° 5’ 25.6”
west longitude, at 2200 masl. The cave has a depth of
55 m and a width of 4.8 m. Both contexts have
archaeological materials on the surface. Indeed,
Context B is located within the Cueva Arroyo
Colorado archaeological site, which had been excavat-
ed and reported previously (Lagiglia et al. 1994; Neme
2007).

Defleshed goat bones were deposited on the
surface and at 20 cm depth below surface in both
contexts. Bones were registered and photographed in
their locations of deposition; after three months the
bones were located, recovered, and studied in the
laboratory. In January 2009, a total of 48 skeletal
elements from a single goat carcass were deposited in
Context A. Thirty-six of these bones were left at the
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Table 1. Bones deposited in Context A and the assemblage found three months after this deposition. First experiment (2009)

and replication (2010).

Start End (Three months later)
GOAT (Capra hircus)
ELEMENT NISP Obs. NISP Bone modifications/Observations
Ribs 6 4 Moved from the original setting
2 Metapodials with 1°, 2° 8 Articulated 2 Rodent marks, moved from the original setting under
° and 3° phalanx the bush
E Humerus 1 1 Moved under the bush
; Scapula 1 1 Moved under the bush. Rodent marcs
Radius 1 - -
Tibia 1 - -
Proximal Femur 1 - -
Innominate 1 - -
Thoraxic vertebrae 14 Articulated 14 Remain articulated. Under the bush
Calcaneous 1 1 -
Astragalus 1 1 -
Scapula 1 1 Buried
§ Radius ulna 1 1 Buried
”g Thoracic vertebrae 7 Articulated 7 Partially unburied. Gnawed
3 | Tibia 1 1 Buried
& | Metatarsal with 1°,2°and 8 Articulated P Buried
3° pha.
Replication (Summer 2010)
Innominate 1 2 Carnivore Marks. Perforations.
Lumbar vertebrae 3 -
Tibia, radius, ulna 3 Articualted -
Femur 1 2 Carnivore marks —under the bush
° Ribs 6 4 Marks indet
& | Atlas 1 -
; Axis 1 -
Cervical vertebrae 4 -
Scapula 1 1 Under the east part of the bush.
Ribs 12 -
Tibia, calcaneus and 3 Articulated 2 Under the bush. The calcaneus was absent. Tibia have
astragalus helicoidal fracture.
o | Femur 1 1 Unburied
& | Scapula 1 1
> | Ribs 5 5
S | Innominate 1 1 Unburied
“ | Cervical vertebrae 4 4

surface near a Chuguiraga sp. bush, and 18 were buried
Im east the surface assemblage. In Context B a total
of 80 goat bones were deposited, 60 were deposited
on the surface and 20 were buried near the east wall
of the cave, 1 m from the cave entrance (Table 1 and
2).

After three months visible bones were mapped in
Context A and B, and it was noted if bones had been

displaced, buried, or unburied relative to their original
deposited locations. After recording, bones were
recovered and analyzed for taphonomic modifications
in the Department of Anthropology at the Museo de
Historia Natural de San Rafael. Post-depositional
modifications to bone surface, such as carnivore and
rodent gnawmarks or any other agent responsible for
bone-surface damage or fragmentation were recorded.
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Figure 1. Localization of the actualistic studies presented
in this paper. A: context A; B: context B.

The same three-month-duration experiment was
replicated beginning in January 2010 in both contexts.
In the replication, initial conditions from 2009 were
maintained, such as use of goat bones, locations of
deposition, starting-period for the experiment
(January), and the same interval between initial
deposition and subsequent observation (three
months). In Context A for the replication a total of 48
bone elements were deposited, 36 on surface and 12
bones were left in subsurface. In Context B 69 bone
elements were deposited on the surface and no bones

were buried (Tables 1 and 2).

Results

After three months in Context A and B, skeletal
elements were displaced from their original locations,
were modified, or were missing altogether. Post-
depositional  displacement and modification are
recorded in Table 1 for Context A and in Table 2 for
Context B. In the first experiment (2009) of the 48
bones that were originally deposited in Context A,
60% were visible and recovered three months later. In
the replication of this experiment, only 30% from a
total of 36 bones were recovered. Most of the bones
were displaced from their original deposition location

and were trapped under a Chuguiraga sp. bush; some
of the displaced bone exhibited carnivore marks
indicating that perhaps a small carnivore cached the
bones near the bush.

For buried bones in Context A, lumbar vertebrae
were “emerging” at the surface, exhibiting carnivore
gnawmarks and some evidence of pitting (Binford
1981; Haynes 1983, Lyman 1994), indicating that a
small carnivore excavated the remains (Figure 2a). In
the replication of this experiment, one buried femur
and one buried innominate were recovered at the
surface and exhibited carnivore damage (Figure 2b).
In Context B for 2009, only 46% of the specimens
were recovered after three months, and in the
replication in 2010 only 37% were recovered. None of
the bones deposited on the surface were in their
original positions. All of the bones that were buried in
Context B were recovered near their original place of
deposition.

Many bones recovered from Context A were
damaged by carnivore ganwing. In the 2009 experi-
ment, 28% of the bones exhibited carnivore gnaw-
marks and 8% of them showed rodent gnawmarks. In
the 2010 replication, carnivore damage was recorded
for 45% of the bones. Bones had been displaced
under the Chuguiraga bush, all of them exhibiting pits
or gnawmarks. One of the recovered tibiae exhibited
a helicoidal fracture, similar to those made to extract
medular grease (Binford 1981; Gifford-Gonzalez
1989).

In Context B, carnivores and rodents also
modified bones, though rodents were a more active
agent in this context (Figure 2c¢ and d). All the
elements found at the end of the first replication have
rodent marks and 3.5% exhibit carnivore damage. In
the 2010 replication, 84% of the bones were rodent
damaged and 3.8% exhibited carnivore gnawmarks
(Table 2). Some bones had a combination of gnaw-
marks, pitting, and cupping, and some bones exhibit-
ed complete destruction of spongy bone, which is
likely due to carnivore ravaging. Results of actualistic
experiments in fox dens (Lycalopex culpaens and L.
grisens) in northwestern Argentina and Patagonia show
patterns of damage like those observed here, not only
destruction of the epiphyses, but also pitting and
cupping on ends of the epiphyses (Fernandez et al.
2010; Martin 1998; Mondini 1995, 2003a and b).

Comparisons Between the Two Contexts
Variables analyzed in this short term study provide
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Table 2. Bones deposited in Context B and the assemblage found three months after this deposition. First experiment
(2009) and replication (2010).

GOAT

. Start End (three months later)
(Capra hircus)
ELEMENT NISP Observations NISP Bone modifications/Observations
Tibia 2 Distal frag. (1) 1 Rodent marks
Ribs 16 3 Indeterminate marks. Found in a den
Ulna 1 1 Carnivore marks. Fracture
Femur 2 Distal frag. (1) Rodent marks
Astragalus 1 -
© Matapodial 3 Articulated 3 Rodent marks
E 1° Phalanx 6 Articulated 6 Rodent marks
% 2° Phalanx 6 Articulated 6 Rodent marks
3° Phalanx 6 Articulated 6 Rodent marks
Thoracic V. 5 -
Lumbar V. 1
Caudal V. 2 -
Scapula 1 1 Rodent marks
Humerus 1 -
Innominate 1 -
Cervical V. 1 -
Radius Ulna 1 -
Metapodial 1 Articulated 1 Buried
1° Phalanx 2 Articulated 2 Buried
2° Phalanx 2 Articulated 2 Buried
§ 3° Phalanx 2 Articulated 2 Buried
“g Radius 1 1 Buried
8 | Scapula 1 1 Buried
@ | calcaneus 1 1 Buried
Astragalus 1 1 Buried
Ribs 6 6 Buried
Cervical V. 3 3 Buried
Replication Summer 2010
Tibia 2 1 Rodent marks
Astragalus 1 -
Calcaneus 2 -
Scapula 2 2 Rodent marks
Innominate 2 2 Rodemt marks
Femur 2 2 Rodent marks (1)
o | Ribs 26 10 Fragmented (2) Rodent(8)
& | LumbarV. 12 -
é Radioulna 2 2 Carnivore (1) Rodent (1)
Cervical V 3 1 Rodent
Axis 1 -
Atlas 1 -
Vertebrae 3 -
Caudal V. 2 -
Humerus 1 2 Ro/Carn? Liquens (1) Rodent (1)
Thoracic V 7 4 Rodent marks
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Figure 2. Different post-depositional damage. a & b: carnivore gnawing in context A; c & d: rodent gnawing in context B.

data on bone modification that occurs in the first
three months after deposition of skeletal remains.
This actualistic study is useful because it allows
detection of differences and similarities in how
taphonomic processes affect skeletal remains in the
two different contexts, an open-air site and a cave,
within the same physiographic region.

Surface assemblages of skeletal remains from
Contexts A and B showed a substantial loss of
skeletal elements after three months, illustrating that
the potential for disappearance of unburied faunal
remains is high in caves and open air sites in this
region (Figure 3a and b).

Gnawing damage to bone is important in both
contexts, but thete are important differences regard-
ing the agents involved. In the open air context
(Context A), carnivores were the main agent responsi-

ble for bone-surface modifications, and very few
bones were gnawed by rodents (Figure 3c). In
contrast, the rodents produced most of the gnawing
damage in the cave context (Context B) (Figure 3d).
Even though the common damages on bones
generated by scavenger activity of birds such as I w/tur
gnphus  (Andean condor), Coragyps atratus  (black
vulture), were not observed (e.g., digestive corrosion
on bones and/or the presence of pellets), avian
scavengers could be responsible for the displacement
and disappearance of some bones in open air context.
These processes were not observed in this study and
remain a topic for future study.

In both contexts, skeletal remains were common-
ly displaced from their original location of deposition.
However, horizontal and vertical dispersion of bones
differ according to context. Vertical displacement is
common in caves, due to restricted horizontal space
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Figure 3. Comparison between context A and B. a & b: differences in NISP percentages at the starting of the experiment and
at the end. c: carnivore marks in context A & B, d: rodent marks in context A & B.

and the high activity of fossorial animals that tend to
live there. Signs of rodent activity (e.g., krotovina and
rodent gnawmarks on bone) are common in cave
archaeological assemblages. Indeed, many actualistic
studies have been carried out in order to understand
the impact of rodent disturbance on archaeological
assemblages (Boceck 1986; Duran 1991; Erlandson
1984). In the open air context, even though some
vertical displacement was observed in this study,
horizontal displacement was more evident than
vertical displacement. However, some bones in the
open air site were vertically displaced. In Context A
some of the bones that were originally buried, were
removed by carnivores and recovered on the surface.
In addition, there is limited evidence of horizontal
displacement in Context B, as some of the remains
were found in the rocky part of the cave, at a higher
elevation than where they were originally deposited.

Final Remarks

The objective of this research is to understand agents
involved in the modification of zooarchaeological
assemblages in the Salado River Valley, in the Andean

portion of Southern Mendoza. In this actualistic and
naturalistic study (sezs# Marean 1995), initial variables
were controlled (such as locations of deposition), but
there was not strict control of what happened after
deposition. Given these conditions, the results
indicate that cave versus open-ait contexts are
important in this region in terms of taphonomy.

There are three important implications concern-
ing taphonomic histories in open air and cave
contexts made clear through this study. First, there is
an important loss of skeletal material in the eatly
stages of depositions in both contexts, which suggests
that remains that become part of the archaeological
record may only constitute a small proportion of the
originally deposited assemblage. Second, differences
in animal activity between assemblages in these
different contexts were observed. Carnivores were
more impactful in open air contexts, while rodents
were more influential in caves.

Third, it was obsetved in both contexts contrary
to what was expected, that vertical and horizontal
displacement of skeletal remains occurred. The extent
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of horizontal and vertical movement of bone varied
by context; however, this observation needs to be
tested via longer temporal experiments. The
actualistic studies presented in this paper are part of
a broader taphonomic investigation that includes
not only short term observations, but also longitudi-
nal actualistic studies of taphonomic histories of
assemblages comprising the remains of large
mammals (Otaola 2013). These longitudinal studies
carried out in different habitats of the Rio Salado
valley demonstrate additional differences in dis-
placement of skeletal remains in the different
contexts. At rock shelters and caves, the probability
of vertical mixing of material is higher, due to the
action of rodents and the horizontal limits of the
caves. At open air sites, carnivores are an active
agent that modify the composition of the assem-
blages and cause horizontal displacement of bones
(Otaola 2013). The results of this actualistic study
help to understand archaeological chronological
patterns observed in sites from this region, such as
inverted dates in caves, which has been observed at
Cueva Arroyo Colorado (Lagiglia et al. 1994), Cueva
Salamanca and Palulo Cave (Otaola and Llano in
press). In addition, rodent remains tend to be
common in cave sites but not in open air sites, but
carnivore temains occutr in both contexts (Otaola
2013).
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