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The transport and processing of large mammal carcasses by humans seems to provide a perfect data-set for the
application of foraging theory. However, such applications in archaeology have generally been unsuccessful in that the
results diverge widely from the predictions of foraging theory, and ethnographic applications have been rare and the
results mixed. These applications require good estimates of skeletal element return rates, but to date we have
insufficient net return rate data. Using some basic parameters we can rank skeletal elements by gross return rate, and
classify them into high cost and low cost elements. We examine three of the best data-sets on hunter-gatherer skeletal
element transport (Hadza, Nunamiut, and Kua), and find that the Nunamiut and Kua data diverge significantly from the
Hadza data. We argue that this difference is not due to differences in skeletal element transport, but rather that the
Hadza data-set represents observed instances of transport while the Nunamiut and Kua data-sets represent discarded
bone assemblages that were scavenged by carnivores. Thus the Nunamiut and Kua sets represent a first stage in bone
destruction after discard by people, and this would be followed by further destruction as such assemblages are
transformed into archaeological samples. This result, when joined to taphonomic data on skeletal element survival,
leads to a general model of bone survival that separates skeletal elements into two groups: 1) a low-survival set defined
by a lack of non-cancellous thick cortical portions, and 2) a high-survival set defined by the presence of thick cortical
bone portions lacking cancellous bone. The archaeological representation of the low survival set is primarily the
product of post-discard destructive processes, and most low survival elements also belong to the high cost set. The
relative abundance of the high survival elements in archaeological contexts is primarily the product of what was
discarded after processing, and most of these belong to the low cost set. Foraging theory needs to be linked to the
realities of skeletal element survival and destruction as understood in taphonomy, connecting the general and middle
range theory, respectively. We need a synthetic taphonomic-foraging theory model, and we provide some foundations
for that model here.
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Introduction
Numerous authors have argued that foraging theory
is a powerful explanatory device for interpreting
zooarchaeological data (Broughton, 1994a, 1994b,
1998; Grayson & Delpech, 1998; O’Connell, 1995;
Raab, 1992). By foraging theory we refer to the set
of models widely understood as optimal-foraging
models, where the goal is generally maximization
of foraging efficiency (Krebs, et al. 1981; Stephens
& Krebs, 1986).
Foraging theory in
zooarchaeology has most typically been used in the
analysis of species representation and skeletal
element abundance (SEA).
The former is
especially prominent in recent zooarchaeological
literature
(Broughton, 1994a, 1994b; 1998;
Broughton & Grayson, 1993; Grayson, 1991, 2001;
Grayson, et al. 2001; Grayson and Delpech, 1998;
Stiner, et al. 1999; Stiner, et al. 2000), and there is
optimism that the approach is working.
The processing and transport of large
mammal carcasses would seem to provide a perfect
data set for the application of foraging theory. A
carcass can be conceptualized as a patch of skeletal
elements, each with a pursuit and handling cost.
The nature of carcasses makes the parameters
simple: at the time of encounter, the pursuit costs
are nearly zero, leaving butchery and transport as
the primary costs.
Unfortunately, both in
ethnographic and archaeological contexts,
applications in zooarchaeology have generally
been unsuccessful in that the results often diverge
widely from the predictions of foraging theory.
Specifically, food utility is negatively related to
SEA, producing “reverse utility curves” at many
residential sites where the opposite is expected
(see discussions in Grayson, 1989; Lyman, 1985,
1992; Marean & Frey, 1997). Grayson & Cannon
(1999: 143), after summarizing the lack of success
of studies examining relative skeletal element
abundance (RSA) and food utility in the Great
Basin, summarize the frustration well: “it is no
surprise that 20 years after their introduction into
hunter-gatherer studies, the analysis of the
relationships between RSA and body part utility
have led to a tremendous increase in our
understanding of post-depositional processes and
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to a much deeper understanding of modern (and
observable) human behavior, but do not seem to
have contributed much to our understanding of
subsistence, and of interactions with the
environment, among prehistoric hunter-gatherers.”
White’s (1952, 1953, 1954, 1955) seminal
papers on the interpretation of SEA focused on
interpreting element representation relative to
nutritional return, distance from camp, and group
size, albeit with rather anecdotal support. The
ensuing 50 years of research focused on replacing
anecdote with true measures of nutritional value
and investigating the relation between SEA and
behavior, only to hit the inferential glass ceiling
identified by Grayson and Cannon.
This is
surprising, since a recent review of foraging theory
applications to animal behavior suggests that
foraging theory works well when the prey item is
immobile, such as a carcass with parts to be
chosen, although not when the prey are mobile,
such as with the application of the diet breadth
model to species choice (Sih & Christensen, 2001).
The application of foraging theory to the analysis
of SEA in archaeological sites would be valuable
in at least two ways. First, it would allow
zooarchaeologists to examine butchery and
transport decisions with more rigid but welldefined economic hypotheses.
And second,
examining decisions to take or leave a skeletal
element, when informed by an understanding of
return rate and rank, could help us identify the
impact of very specific socio-ecological contexts
that impact butchery and transport decisions in
ways that are not obviously congruent with return
rate.
The principles of foraging theory have
also been applied to ethnographic data on huntergatherer transport, and as we discuss below, the
results are mixed. For the archaeologist,
ethnographic applications of foraging theory to
skeletal element transport have at least two
potential functions. First, successful applications to
ethnographic cases have the affect of increasing an
archaeologist’s confidence in the utility of a
theoretical approach, and in this case foraging
theory. By successful, we mean that the results do
not diverge dramatically from the fundamental
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expectations of foraging theory. If applications of
foraging theory were rarely successful in
ethnographic contexts, then it is unlikely that
archaeologists would consider foraging theory
potentially instructive about carcass transport in the
past. The epistemological legitimacy of this
conclusion is arguable, but the impact on the
archaeologist is not.
Second, ethnographic applications of
foraging theory are our best source for generating
theoretical statements about the precise relations
between behavioral contexts and skeletal element
choice. Though Binford (1978) did not explicitly
use foraging theory for his investigations of
Nunamiut butchery and transport, he did provide
nutritional yield estimates for skeletal elements,
and compared these to skeletal element
representations at Nunamiut sites. Furthermore,
Binford argued that special contingencies always
impacted the choice of skeletal elements for
transport, affecting the range of parts taken and
sometimes even the rankings.
For example,
Binford argued that a tendency to take only the
choicest skeletal elements (the gourmet strategy or
curve), analogous to a narrow diet breadth, resulted
from situations where there was a surplus of food.
In other words, skeletal elements were abandoned
because the hunter-gatherer calculated that more
productive parts could be harvested by ignoring
lower-ranking parts.
Regular and consistent
ethnographic documentation of relations between
particular contexts and skeletal element choice
could be the foundation for archaeological
applications of foraging theory. The general rarity
of applications of foraging theory to skeletal
element transport in ethnographic contexts is thus
unfortunate for the archaeologist.
We have two primary goals in this paper.
First, we investigate current ethnographic results
on skeletal element transport and how these
correspond with gross return rates and new net
return rate data. Our second goal is to begin to link
applications of foraging theory to SEA within the
context of skeletal element survival and destruction
as understood in taphonomy. We will thus seek the
connection between our general and middle range
theory, respectively. When this is done, we believe

the patterning revealed through the archaeological
and ethnographic applications of foraging theory
becomes more comprehendible.
We accomplish these goals in four steps.
First, we review the extant database on return rates
for the skeletal elements of bovids and cervids (the
large mammals that dominate most Paleolithic
zooarchaeological samples). Second, we conduct
an examination of the fit between the three best
ethnographic data-sets on skeletal element
transport, and the predictions of foraging theory.
We agree with Grayson and Cannon that, to date,
applications of foraging theory to archaeological
SEA have largely failed to go beyond the
identification of post-depositional processes of
bone destruction. However, we believe there is a
solution to this problem, and as a third step we
articulate a general taphonomic model of skeletal
element destruction and survival (based on years of
actualistic studies) and discuss how it allows us to
go beyond the limitations identified by Grayson
and Cannon. Finally, we illustrate the utility of this
approach with an application to two Mousterian
sites from the Zagros Mountains (Iran).

What do we know about skeletal element return
rates?
Zooarchaeologists are restricted to the
examination of the bony parts of carcasses, and this
constraint determines the proper units of
observation for our discussion since we are
interested in the zooarchaeological record. When
we examine the ethnographic data for its
consistency with the predictions of foraging theory,
we must treat bones as the items that are being
chosen, even though it is the associated nutrients
(flesh, marrow, and bone grease) that are
nutritionally important.
Bartram (1993) and
Monahan (1998) have provided useful discussions
of this problem, which results in a lack of perfect
fit between the way people disarticulate and
transport carcass parts, and the zooarchaeologist’s
units of observation. Thus the butchery phase of
an assemblage’s taphonomic history provides an
17
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initial disconnect between nutritionally meaningful
carcass parts and the zooarchaeologist’s units of
measurement. Furthermore, skeletal elements are
then subjected to a series of destructive processes
that cause them to survive in ways that do not
perfectly reflect their original representation. Our
goal in the next section is to examine how well
ethnographically documented skeletal element
transport reflects measurable qualities of
nutritional returns, and in following sections we
examine the impact of destructive processes.
However, before we discuss the former we must
review what we know about skeletal element
nutritional return rates.
We already have most (but not all) of the
necessary facts to allow us to apply foraging theory
productively to zooarchaeological cases. If we can
assume that people had first access to a carcass,
and that the anatomy of animals in the past is
analogous to closely related animals in the present,
then we have many basic parameters that are often
unknown in other archaeological applications of
foraging theory1.
1) We know at the time of encounter the
abundance of each food item. For example, we
know that the skeleton of a mammal has two
femora and one sternum. In contrast, archaeologists
focusing on species choice, for example, rarely
know the abundance or density of species that
people encountered in the past.
2) We know, reasonably precisely, the gross
caloric yield of each food item relative to the
caloric yield of every other available food item on
the carcass, and at least can rank them by gross
return. This information derives from the numerous
and growing published studies of meat, marrow,
and grease from each skeletal element (e.g.
Binford, 1978; Blumenschine & Caro, 1986;
Blumenschine & Madrigal, 1993; Brink & Dawe,
1989; Emerson, 1990; Jones & Metcalfe, 1988;
Metcalfe & Jones, 1988). Importantly, we now

1

In this discussion, we focus on bovids and cervids, and assume
that the animal has been hunted or otherwise encountered prior
to feeding by other carnivores.
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know that within family-level taxonomic groups
the relative yields of skeletal elements are tightly
correlated (Binford, 1978; Blumenschine & Caro,
1986), meaning that for the purposes of ranking we
can use extant species yields as proxies for extinct
species yields within family groups.
3) We know, reasonably well, the caloric
yield per caloric source, such as fat versus protein,
and the nutritional value of these sources (Binford,
1978; Emerson, 1990; Speth, 1987; Speth &
Speilman, 1983).
4) Handling costs (skinning, transport,
defleshing, marrow removal, and grease removal)
should all be easily estimated through experimental
and ethnographic work, but our knowledge is
incomplete.
Handling costs for carcass processing
Numerous zooarchaeologists studying
SEA have utilized points one through three above
and examined the fit between skeletal element
utility (gross returns) and SEA at archaeological
sites (e.g. Binford, 1984; Marean, 1992; Speth,
1983; Thomas & Mayer, 1983), and these could
arguably be considered applications of foraging
theory. Technically these studies fall short because
the unit of measure should be a post-encounter
return rate that accurately estimates both costs and
benefits (net return rate), not a gross return rate.
What costs are relevant here? When a carcass is
encountered and decisions are being made on what
to transport, there are several costs, at least
intuitively to us, that should determine the
subsequent actions of on-site consumption and
selection for transport. In the discussion below we
discuss these costs, beginning with those that we
may never know, followed by those that we are
beginning to understand.
Transportation costs should vary mostly
based on the size of the skeletal element and thus
should be relatively easy to estimate per unit of
time walking. If we assume that all skeletal
elements from a single carcass are going to the
same location, then the added costs of distance of
transport should be a constant that varies by
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element weight, and then applied to all elements
from a single carcass encounter event. In other
words, if walking with a giraffe femur adds two
calories per minute, while a giraffe rib slab adds
three calories per minute, then the cost for each
element is the time traveled corrected for the
constant. It is likely that we can never know what
this distance is in archaeological investigations.
The initial costs of carcass processing are
associated with skinning and gutting. Skinning the
carcass probably does not create substantial interbone variation in costs, except in several specific
cases. First, the skin is tightly bound to the
metapodials and phalanges and requires substantial
effort to remove. Butchers not interested in
marrow processing, for example commercial
butchers, often leave this unit unskinned, and
clearly skinning substantially raises the costs for
marrow processing of these elements. Similarly,
skinning the head requires relatively more effort
than most other parts of the carcass and probably
raises these costs as well. Most of these costs
should be relatively easy to quantify with sufficient
observational data, but we do not know of any
published data at this time.
Once a carcass is skinned, it is generally

disarticulated to facilitate transport when the
body size makes it impossible for one person to
carry alone. Costs of disarticulation will also
vary by element, with some joints being tightly
bound (e.g. tibia and astragalus) while others
are easy to separate (e.g. humerus and radius).
Binford’s (1978) original utility indices
attempted to deal with these disparities with the
concept of “riders” – relatively lower utility
bones riding on higher utility bones due to their
proximity and robustness of binding. Costs
associated with disarticulation should be
relatively easy to quantify with sufficient
observational data, but again we know of no
published data at this time.
The final costs associated with
extracting nutrients from the skeletal elements
(defleshing, marrow extraction, and grease
extraction) should vary between skeletal
elements and should be easily estimated with
sufficient observational data. We have some
data on the handling costs associated with
rendering grease from animal bones (Lupo &
Schmidt, 1997), the handling costs associated
with accessing marrow from bovid and cervid
bones (Binford, 1978; Jones & Metcalfe, 1988;

Table 1. The processing times in seconds associated with marrow extraction of artiodactyl
bones from three published studies
Taxon
1

Caribou

Hartebeest and Wildebeest2

White-Tailed Deer3

Humerus

510

126.75

239.5

Radius

540

216.25

321.5

Metacarpal

486

173.25

309

Femur

456

144.5

262.5

Tibia

552

170.75

413

Metatarsal

522

159.75

236.5

1 Phalanx

426

99.375

252

Average

499

156

291

Skeletal Element

st

1

Binford, 1978
Lupo, 1998
3
Madrigal & Holt, 2002
2
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Table 2. The return rates in Kcal/sec (Lupo, Jones and Metcalfe, and Madrigal and Holt) and ml/min
(Binford) associated with marrow extraction from three published studies
Taxon
Caribou1
4.4

Caribou2
2.98

Wildebeest3
3.16

Hartebeest3
1.34

White-tailed deer4
8.79

4

2.67

1.5

0.87

5.07

Metacarpal

2.5

1.67

0.73

0.33

2.77

Femur

6.48

4.56

3.25

1.48

13.46

Tibia

6.95

4.64

4.8

1.58

15.27

Metatarsal

5.86

3.91

0.8

1.03

5.06

1st Phalanx

0.56

0.38

4.635

1.605

0.45

Average

4.39

2.97

2.70

1.18

7.27

Skeletal element
Humerus
Radius

1
2

Binford, 1978
Jones & Metcalfe, 1988

3
4

Lupo, 1998
Madrigal and Holt, 2002

Lupo, 1998; Madrigal & Holt, 2002), and the
handling costs associated with meat removal from
white-tailed deer (Madrigal & Holt, 2002).
Binford (1978: 26, Table 1.7) provided
marrow cavity volume and mean processing time
for caribou for all limb bones, mandible, scapula,
pelvis, and first and second phalanx. These were
then used to calculate a net return expressed as ml/
min. Jones and Metcalfe (1988) re-evaluated this
data and presented return rate data as calories/hour
using a constant of 4 kcal/ml for marrow. Lupo
(1998) provided average marrow wet weights and
processing time for several impala, wildebeest,
hartebeest, and zebra for all the limb bones (1998:
661, Table 2), skull (1998: 662, Table 3), and
materials (marrow and fat pad) associated with the
first phalanx (1998: 663, Table 4) along with very
useful data and discussions about several points of
variation in gross yield and return. Lupo provided
several variations of gross yield based on different
models of health status, as well as net return rates
expressed as Kcal/sec (1998: 666, Table 9). Her
bovid return rates correlated well with each other,
though not all significantly, while her zebra return
rates tended to differ markedly from the bovids.
Madrigal & Holt (2002) recently provided marrow
weights and processing times for the limb bones
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and first and second phalanges of white-tailed deer
(2002: 751, Table 3), and these were used to
construct net return rates as Kcal/hr (2002: 751,
Table 4, here expressed as Kcal/sec). Both Lupo
and Madrigal & Holt used a constant of 9.37 Kcal/
g for marrow yield. It may be pertinent to note that
Binford’s data appear to have been recorded under
normal butchery circumstances, while both Lupo’s
and Madrigal & Holt’s are more experimental in
nature in that processing times were recorded
under controlled and staged conditions. However,
all participants appear to have been skilled at
butchery, while only Madrigal & Holt’s hunter did
not practice butchery as a subsistence activity –but
as a regular sport.
Our main concern here is to compare the
consistency between these results, so we will
restrict our analysis to those skeletal elements
found in each study, and will only use values
calculated from adults. With Lupo’s processing
time data we have used the average for wildebeest
and hartebeest since both are Size 3 (Brain, 1981)
animals and overlap in size, and there are only two
hartebeest in her sample. However, for her net
return rate data we follow her Table 9 and use
hartebeest and wildebeest separately. Processing
time data are summarized in Table 1, and return
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Figure 1. The relationship between net marrow return rates for a) Binford’s caribou and (1978) and Lupo’s
(1998) wildebeest, b) Binford’s (1978) caribou and Lupo’s (1998) hartebeest, c) Madrigal and Holt’s (2002)
deer and Lupo’s (1998) wildebeest, d) Madrigal and Holt’s (2002) deer and Lupo’s (1998) hartebeest, e)
Jones and Metcalfe’s (1988) caribou and Lupo’s (1998) wildebeest, and f) Jones and Metcalfe’s (1988) caribou and Lupo’s (1998) hartebeest.
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Table 3. Mann-Whitney Test results showing U
(above) and p value (below) of processing times
between the different studies
Caribou1
Hartebeest and
wildebeest2

Hartebeest and
wildebeest2

49
0.0006
3

White-tailed deer

49

49

0.0006

0.0006

1

Binford, 1978
Lupo, 1998
3
Madrigal & Holt, 2002
2

rate data in Table 2.
There are clearly some differences
between these studies in processing times with all
being significantly different from the others (Table
3). Perhaps more worrisome, these differences are
often not in the direction anticipated. For example,
we would expect that the processing times should
vary by size with bones from large animals
requiring more time to process. This is not the
case since the processing time data for Madrigal
and Holt’s white-tailed deer (the smallest animal in
the sample) and for Binford’s caribou are
significantly higher than Lupo’s combined
hartebeest and wildebeest data. However, there is a
clear tendency toward correlation in the processing
times, though not all are significant (Table 4). In
Table 4. Pearson Product-Moment r squared
(above) and p value (below) statistics of processing times between the different studies

Hartebeest2and
wildebeest
White-tailed deer3

Caribou1

Hartebeest and
wildebeest2

52.80%
0.0644
31.50%
0.1899

30.10%
0.2021

other words, while the times themselves differ,
skeletal elements tend to rank in processing effort
in a similar manner, though not strongly.
The marrow return rate data also show a
complicated picture.
While Lupo’s data are
internally consistent, they differ fairly dramatically
from Madrigal and Holt’s (Table 5). Compared to
Jones and Metcalfe, Lupo’s wildebeest is similar
and hartebeest different. Again, these differences
do not always scale as expected since Madrigal and
Holt’s deer (the smallest animal) has the highest
average return rates, and generally it is expected
that larger size results in higher net return (e.g.
Broughton, 1994a, 1997) . The correlation analysis
of the return rate data is also problematic in that
Lupo’s data do not correlate with the other
studies2, while the other studies correlate well with
one another (Table 6). On inspection of the plots
(Figure 1), it is clear that all result in a monotonic
increasing relationship.
The plots, plus the
leverage statistics of the regression analysis,
indicate that Lupo’s proximal phalanx data differ
markedly from the other studies, and when
removed bring her data in line with the others.
In summary, the current studies of processing times
and return rates for marrow extraction rank bones
in similar ways, with the exception of the proximal
phalanx, but the actual times and rates differ
substantially between the studies, and not in
predictable ways. These differences might reflect
differences in the experience and tools of the
participants, but that seems unlikely given that the
Eskimo display the longest times, though one could
argue that the un-staged nature of the observations
resulted in a more relaxed procedure. The manner
in which the studies were conducted is a likely
contributor to the variation.
For example,
Binford’s and Madrigal and Holt’s time
measurements started at the very beginning of bone
preparation for marrow extraction, and ended at the
time of the last hammerstone blow. Lupo’s (1998)
time measurements began after significant
preparation of the bones for processing.
This

1

Binford, 1978
Lupo, 1998
3
Madrigal & Holt, 2002

2

2

Binford’s return rates are expressed as ml/min, so we use the
recalculations of Jones and Metcalfe.
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Table 5. Mann-Whitney U Test statistics (above) and p
value (below) of Kcal/sec return rates between the different studies. Binford used a different measure (ml/min),
and thus the comparison is not applicable here, and we
use Jones and Metcalfe.

phalanx mass on the fire, these bones will be more
easily broken after fat and ligament have burned
away. Most other skeletal elements do not require
this pre-processing, though metapodials are more
easily processed after some scraping of the
periosteum. Since Lupo’s costs only include
breaking a previously cleaned bone, the proximal
phalanx could rank higher in her study than in
Binford’s and Madrigal and Holt’s because theirs
includes the substantial bone preparation time. To
develop useful return rates, we need numerous
studies that both replicate different approaches to
marrow processing, as well as provide multiple
replications of the same approach.
Madrigal and Holt’s (2002) is the only
published study to provide net return rates for meat
processing (defleshing), and their data on three
white-tailed deer are summarized in Table 7. The
deer gross return data correlate well (r2 = 79.6, p
= .0005) with Binford’s (1978) caribou Meat
Utility Index (MUI), suggesting that there is close
correspondence between these researchers in their
estimates of gross yields per skeletal element for
these closely related taxa. While actual processing
times per skeletal element are predicted to increase
with body size, it is likely that the ranks of
processing times and net return rates should remain
the same. However, this remains a hypothesis in

Caribou1 Wildebeest2 Hartebeest2
Wildebeest2

25
1

Hartebeest

2

White-Tailed Deer

1
2

3

6

35

0.0181

0.2101

10

11

6

0.0741

0.0981

0.0181

3

Jones & Metcalfe, 1988
Lupo, 1998

Madrigal & Holt, 2002

likely had an impact on the proximal phalanx
calculations. The proximal phalanx is encased in a
tight, tough, and slippery mass of fat and ligament.
In our experience, we found it nearly impossible to
process the proximal phalanx for marrow without
some type of preparation, particularly with very
large bovids. The tight ligamentous mass and fats
surrounding the phalanx frustrates a seating on an
anvil such that a clean hammerstone blow is nearly
impossible. An effective alternative is to throw the

Table 6. Pearson Product-Moment r squared (above) and p value (below) of return rates between the
different studies
Caribou2
Caribou1

Caribou1

Wildebeest3

Hartebeest3

99.70%
0.000

Wildebeest
Hartebeest

3

3

4

White-Tailed Deer
1

Binford, 1978
2
Jones & Metcalfe, 1988

0.10%

0%

0.9462

0.9627

6.40%

5.70%

78.50%

0.58

0.6046

0.008

77.20%

75.60%

17.20%

22.30%

0.0092

0.011

0.355

0.2845

3

Lupo, 1998
4
Madrigal & Holt, 2002
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24

285

175

36

420

77

Cervical

Thoracic

Lumbar

Rib

Pelvis/Sacrum

15

270

38.5

124

62.5

54

194

42

46.5

157

OV12

116

545

55

157.5

170

82.5

420

52.5

115

165

OV13

69.3

411.7

43.2

152.2

172.5

117.2

318

41.5

93.8

167.3

Processing
time

790

1620.3

214.7

1756

1586

591

3022

253.3

544

1091

Grams Meat
Yield

4811.1

9867.8

1307.3

10694

9658.7

3599.2

18404

1542.8

3313

6644.2

Kcal Gross
Yield

69.39

23.97

30.28

70.28

55.99

30.72

57.87

37.18

35.31

39.71

Average
Kcal/sec

2

9

8

1

4

8

3

6

7

5

Rank
Kcal/sec

5.09

5.33

3.43

4.88

3.82

2.64

10.33

1.52

2.99

4.61

Meat Utility
Index

5

1.7

3.7

3.2

10

6.7

6.7

12

9

9

Preference
Nunamiut

Note: These values differ slightly from Madrigal & Holt 2002. Their Kcal/hr rate is calculated as an average of three separate Kcal/hr estimates, while
this one is the average processing time/average Kcal, then estimated per second.

215

30

Radio-Ulna

Tibia

120

Humerus

340

180

Scapula

Femur

OV11

Skeletal element

Processing time in seconds

Table 7. Processing and yield data for 3 deer (OV11-13) from Madrigal & Holt (2002) and caribou data from Binford (1978).
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need of testing with further calculations of meat net
return rates.

process), the difference in processing costs
between bones is so low, and the return (of fat) so
va l u a b l e, t h at t h is s ee ms un l i ke l y.
Ethnoarchaeological observations may help to
resolve this point.

Summary of processing costs
Grease extraction is the most labor-intensive of the
three nutrition-extracting activities, and for people,
requires either boiling of the bones (typically
fragmented), hanging bones in the sun and catching
the grease, or intensive fragmentation followed by
ingestion. As Lupo and Schmitt (1997) argue,
grease extraction is likely to be practiced only
when nutrition is in short supply, or when people
have an abundance of protein but lack adequate
carbohydrate or fat (see Speth & Spielman, 1983).
Marrow extraction is a low cost activity
relative to grease extraction in that it only requires
a couple of minutes to completely process a bone,
particularly if flesh has already been removed. The
caloric costs of this activity are minimal since the
action includes a low-level of bodily action with
small animals, though we note that this increases
with the body size of the animal and the thickness
of the cortical bone. Importantly, costs associated
with marrow extraction do not differ dramatically
between bones (on the order of seconds or a few
minutes at most). For this reason, we believe it is
unlikely that differential marrow processing costs
figure strongly in decisions to transport or not.
Once transported, there is the decision to marrow
process or not. Madrigal and Holt (2002) have
argued that if limb bones are processed, then the
isolated shafts will survive carnivore ravaging,
while non-processed bones will be removed by
ravaging carnivores. We agree that this is true.
However, they then argue that this process strongly
shapes the ultimate skeletal element patterning
such that limb bone abundance no longer reflects
what was transported, since many bones could be
left unprocessed and thus deleted. For this
argument to hold, one must argue that even if some
limb bones were transported to a site, people would
opt to not process them because their return rates
were lower than others. Since the caloric cost of
processing is so low for any limb bone (particularly
once it is prepped by the prior meat removal

Net vs. gross return rate in ethnoarchaelogical
examples
Binford (1978) provided justification for the
explanatory power of his utility measures in two
ways: examining the degree of fit between his
utility measures and a measure of Nunamiut food
preferences (arrived at by polling nine Nunamiut,
Binford, 1978: 41-43), and comparing his gross
return rate data with an extensive analysis of SEA
at a variety of historic Nunamiut sites. Binford
examined the fit between his marrow index and
polled Nunamiut marrow bone preference and
found a compelling linear relation (1978:43, Figure
1.10). Binford’s marrow index is dominated by the
gross return for marrow. Foraging theory posits
that foragers should be attempting to maximize net
returns, so we should find that net marrow returns
correlate even better with Nunamiut preference.
However, while all show positive relations
between net return and Nunamiut preference, none
are significant (Binford’s caribou rs = .086; Lupo’s
wildebeest rs = .543 and hartebeest rs = .371;
Madrigal and Holt’s deer rs = .543).
Given
Binford’s success with his marrow index, it would
seem that Nunamiut rank marrowbones on gross
return, not net.
Madrigal and Holt (2002) have provided
the first published net return rate data for
defleshing, and there are some interesting patterns
revealed. First, the differences in processing time
between skeletal elements are not all that dramatic,
generally just several minutes. Second, thoracic
vertebrae and the pelvis/sacrum unit have the
highest return rates, while the return rate of the
very meaty femur is dramatically lowered by its
relatively high processing times.
This high
processing time of the femur is inconsistent with
our, admittedly anecdotal, experience. It is
important to note that Madrigal and Holt (2002)
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Table 8. Skeletal elements ordered highest to lowest
standardized food utility index, and classified into high
and low cost sets.
Skeletal Element
Femur
Sternum

Butchery Cost
Low
Low

Tibia
Rib
Pelvis/Sacrum
Thoracic
Scapula
Cervical
Humerus

Low
High
High
High
Low
High
Low

Lumbar
Radius/Ulna
Phalanges
Mandible
Atlas/Axis
Skull

High
Low
High
High
High
High

Metatarsal
Metacarpal

Low
Low

state that the vertebrae and pelvis/sacrum unit were
not fully processed. Those with butchery
experience know that the main muscle masses on
these areas are easily removed with filleting
actions, yet there are still significant amounts of
adhering muscle in the cavities formed by
processes. These require substantial effort to
remove, and this is best accomplished by simply
boiling it off the bone. In the future it would be
useful to provide net returns on a “quick” versus
“complete” strategy of defleshing, as butchers may
vary their decisions based on nutritional needs.
3

These generalizations come from anecdotal discussion with
colleagues and personal experience. One of us (CWM) has
participated in and observed butchering with stone and metal
tools of about twenty goats and one pig for the purposes of meat
removal for roasting. However, Binford (1978, 1981) also provides some useful comments on butchery effort, and we have
benefited from observations communicated by Larry Bartram
and Peter Nilssen.
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Without precise data on this “complete”
defleshing strategy, the best we can do at present is
to group bones qualitatively into high cost and low
cost groups based on anecdotal experience3. Table
8 shows these groupings, and the bones are ordered
by the gross return rank of Metcalfe and Jones
(1988). We placed all vertebrae and the pelvis/
sacrum in the high cost group for reasons discussed
above.
Clearly, this classification is only a
hypothesis that should be tested by quantitative
data. This bipartite division correlates closely with
long bones (low cost) and non-long bones (high
cost), except for the scapula, which is clearly a
low-cost bone.
Binford’s meat utility index provided an
extraordinary linear fit with the Nunamiut meat
preference (Figure 2a), with only the femur falling
far outside the pattern (1978: 41, 43). The femur
was ranked low relative to its gross yield, and this
may be explained by Madrigal and Holt’s (2002)
observation that the femur has high processing
costs. Binford’s result suggested that Nunamiut,
for the most part, perceive the value of the meat
associated with skeletal elements in a manner that
accords well with the measured gross meat yield of
those elements. However, Madrigal and Holt’s deer
gross meat return (average Kcal) does not correlate
significantly (Figure 2b) with Nunamiut meat
preference (rs = -.317, p > .05; a negative
correlation is expected as the ranking starts with 1
= most preferred). Following the logic of foraging
theory noted above, we would expect net return to
provide a tighter fit with Nunamiut meat
preference. However, the correlation is weaker
(Figure 2c) when deer net meat return (Kcal/sec) is
compared to Nunamiut meat preference (rs = .11, p
> .05). Interestingly, Monahan (1998: 416) also
found among the Hadza that the high gross return
femur was transported far less than expected.
These results collectively suggest that Nunamiut
rank skeletal element preferences based on gross
returns, not net.
How does the ethnographic record of transport
correlate with return rate?

Large Mammal Skeletal Element Transport

Figure 2. The relationship between Binford’s (1978) Nunamiut polled preference for meat bones and a) Binford’s (1978)
meat utility index, b) Madrigal and Holt’s deer gross meat yield, and c) Madrigal and Holt’s deer net meat return.

As we noted earlier, zooarchaeologists often
examine SEA with regard to gross nutritional rank,
while we have argued that a more strict application
of foraging theory requires net nutritional rankings.
Our goal here is to answer two simple questions.
First, is there any evidence in zooarchaeologically
described ethnoarchaeological samples from
hunter-gatherers that they choose to transport
skeletal elements with regard to their gross or net

nutritional rank? Second, if the answer to question
one above is yes, then does gross return or net
return fit best with the ethnographic data on
skeletal element transport?
Unfortunately, there are a limited number
of ethnographic and ethnoarchaeological
investigations that provide sufficiently detailed
data on skeletal element transport for an
application of foraging theory. We will examine
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three cases that sample cold, sub-tropical, and
tropical environments. The gross skeletal element
rankings we will use are derived from Metcalfe and
Jones’ (1988) revisions of Binford’s (1978)
original data, and we will rely upon their whole
bone estimates. We will also use Madrigal and
Holt’s (2002) new net return data for white-tailed
deer. Only bovids and cervids will be examined
and it is assumed that their utility rankings are the
same (there is some support for this in Binford,
1978). We will lump bovids and cervids of similar
body size into the size groups used by Brain
(1981), and assume that utility rankings do not
change by size group (again, there is support for
this in Emerson, 1990). We will not examine
individual cases of carcass butchery and transport,
but rather will lump together groups of events.
This is consistent with the palimpsest nature of
most archaeological assemblages. We will attempt
to control for net return rank by employing
Madrigal and Holt’s (2002) new data on net
returns, though we recognize the potential
problems with using white-tailed deer net returns
as a proxy for other animals. We will use the high
cost/low cost classification previously suggested as
a coarse way to model a more complete defleshing
scenario.
The Hadza
The Hadza, a hunter-gatherer group occupying the
arid bushlands and grasslands of the Lake Eyasi
basin in northern Tanzania, have recently been the
target of study by two different research groups:
the Wisconsin group (Bunn, et al. 1988) and the
Utah group (Hawkes et al. 1995; Hawkes et al.
1997; O'Connell et al. 1988; O'Connell et al. 1989;
O'Connell et al. 1992). The Hadza hunt a variety
of large mammals, but their observed hunts are
dominated by impala (Size 2), zebra (Size 3), with
smaller numbers of hartebeest (Size 3), wildebeest
(Size 3), buffalo (Size 4), and eland (Size 4).
Monahan (1998) recently synthesized the data from
both teams of Hadza researchers, and he argues
that there is broad agreement between the results of
the two groups. He conducted an analysis of the
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combined skeletal element data-sets from all
published papers, and he came to several important
conclusions: 1) Size 1 and 2 animals are frequently
transported completely or nearly completely, 2)
except for ribs, post-cranial axial elements are the
most commonly transported elements, 3) ribs and
long bones are frequently discarded at the
encounter site, and 4) Hadza try to maximize food
transport and minimize transport weight by
processing at the site those bones that are easily
defleshed. With regard to point 2, we note that
Monahan’s Figure 5 shows an interesting switch in
skeletal element transport across body sizes. While
Size 2 and 3 carcasses are dominated by transport
of post-cranial axial parts (the six top ranked
skeletal elements are all axial), with Size 4 and 5
various limb bones move into the top ranks, with
humerus and femur ranking first and third,
respectively.
Figure 3 shows the percentage minimum
number of animal units (%MAU) transported from
kill-butchery locations to residential sites for Size 2
bovids plotted against the (3a) standardized food
utility index (SFUI) and (3b) Madrigal and Holt’s
net return rates. Size 3 and 4 (grouped together due
to the small sample sizes) are plotted the same way
in Figures 3c and 3d. High and low cost sets are
differentiated. It is important to note that the
Hadza data are actual observed instances of
skeletal element transport.
The Size 2 pattern shows that both high
cost and low cost skeletal elements have a flat to
slightly positive relation to food utility, though
neither correlation is significant (p > .05).
Importantly, the high cost and low cost sets group
separately, with the high cost set generally being
transported more commonly. Thus, even while the
Hadza tend to transport Size 1 and 2 completely
(Monahan, 1998), Size 2 still show some
selectivity that fits our skeletal element division by
processing costs. The larger Size 3 and 4 animals
show the same division between high cost and low
cost sets, with the former also being transported
more commonly. However, there is a greater
separation between the two sets of elements.
These data substantiate Monahan’s (1998)
suggestion that transport is more selective with
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Figure 3. The relationship between Hadza skeletal element transport frequency (in % Minimum Animal Units) of
a) Size 2 bovids and Standardized Food Utility, b) Size 2 bovids and Net Meat Return of Madrigal and Holt
(2002), c) Size 3 and 4 bovids and Standardized Food Utility, and d) Size 3 and 4 bovids and Net Meat Return of
Madrigal and Holt (2002). Solid regression lines apply to High Cost elements, dashed regression lines to Low
Cost elements.

larger-bodied animals. When plotted against net
return rate, there is virtually no detectable
correlation for both Size 2 and combined Sizes 3
and 4 (Figures 3b and 3d, respectively).
Overall, these data fail to show any
patterning that is similar to the reverse utility
curves so common in residential archaeological
sites. Conversely, the data fail to show significant
positive relations with gross return as measured by

SFUI and net return as estimated by Madrigal and
Holt (2002). However, if we accept our division of
the skeletal elements into high cost and low cost
sets, the data clearly show that the high cost sets
are being transported more commonly than the low
costs sets, and within the two sets there is a flat
relation between utility and transport, suggesting
that when a set is transported, it is transported
completely. As Monahan (1998) suggests, field
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Figure 4. The relationship between Kua skeletal element transport of Size 3 bovids (mostly gemsbok) pooled from all
residential sites, relative to a) Standardized Food Utility, and b) Size 2 Net Meat Return of Madrigal and Holt (2002).
Solid regression lines apply to High Cost elements, dashed regression lines to Low Cost elements.

processing of low cost skeletal elements is having a
strong impact on the patterning of this data.
The Kua Basarwa
The Kua are a Khoi-San speaking people
inhabiting a semi-arid sub-tropical ecosystem in
eastern Botswana (Bartram, 1993, 1997). The Kua
hunt a variety of animals that overlap with the
Hadza in size range: steenbok (Size 1), bush duiker
(Size 1), and gemsbok (Size 3) are their
predominant prey. Bartram’s (1993) detailed study
of hunting, butchery, and bone transport includes
substantial data on SEA in various settings. Unlike
the Hadza study, Bartram’s skeletal element data
are not observations of transport, but are rather
tabulations of skeletal element accumulations that
remain at abandoned residential sites. The Kua
sites have a short time depth of accumulation and
disturbance prior to collection (several days to
weeks), but it was reported that hyenas and jackals
scavenged from these assemblages before
collection and tabulation (Bartram et al., 1991;
Bartram, 1993, 1997; Bartram & Marean, 1999).
Figure 4 shows the largest sample, the
pooled residential sites of Size 3 bovids (mostly
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gemsbok), plotted against SFUI and net meat
return. Relative to the Hadza, the Kua sample
shows no clear distinction between the
representations of high and low cost skeletal
elements. However, unlike the Hadza, the low cost
skeletal elements show a positive but insignificant
relation with SFUI (r = .41, p > .05) while the high
cost skeletal elements show a negative but
insignificant relation with SFUI (r = -.15, p > .05).
Clearly, the Hadza pattern of skeletal element
transport differs from the Kua pattern of skeletal
element representation at abandoned residential
sites. Furthermore, the Kua sample shows no
correlation with net meat return (Figure 4b).
The Nunamiut Eskimo
Binford’s (1978) classic study of the Nunamiut
Eskimo, a group of Inuit that focus on caribou
(Size 3), provides another useful
ethnoarchaeological reference. It is important to
note that Binford’s (1978) study differs from the
Hadza research in that he did not make direct
observations on skeletal element transport. Rather,
he collected and excavated bones from recent
historic sites; sometimes many years after the time
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of deposition (unlike the Kua study), and in most
cases had some reasonable knowledge about events
at those sites. This means that it is very likely that
some of the bones were removed by scavenging
carnivores, particularly wolves, domestic dogs, and
wolverines.
Binford (1978) observed this
happening on several occasions, and noted that

both camps used below were home to domestic
dogs.
We have chosen to examine the samples
from two sites. The Rullond site (Binford, 1978:
376, Table 7.11) was occupied by a single family
with 14 dogs, and a second family who camped
nearby. Altogether, the occupation represents 20

Figure 5. The relationship between Nunamiut skeletal element transport of caribou (Size 3) as represented by a)
caribou at the Rullond site and Standardized Food Utility, b) caribou at the Rullond site and Net Meat Return of
Madrigal and Holt (2002), c) caribou at the Kakinya site and Standardized Food Utility, and d) caribou at the Kakinya site and Net Meat Return of Madrigal and Holt (2002). Solid regression lines apply to High Cost elements,
dashed regression lines to Low Cost elements.
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people for a maximum of 39 days. The site was a
favored location from which to make fall hunting
sorties on the migrating caribou. The Kakinya site
(Binford, 1978: 380-381, Table 7.13) was occupied
during the fall migration hunting season by 5
people and 15 dogs. For each site, we use the total
SEA. Binford notes that the Kakinya site, unlike
the Rullond site, preserved substantial internal
structure and included a dog bone yard that is
missing from the Rullond site (having been eroded
away by meltwater). These two sites were chosen
because they are residential sites, and have the
largest samples of Binford’s published data.
Figure 5 shows caribou SEA at these two
sites plotted against SFUI and net meat return. The
patterning is very similar between the two sites.
The most obvious difference between the Hadza
and Nunamiut pattern is that the Nunamiut pattern
shows a complete reversal in the representation of
high cost and low cost skeletal elements. At both
the Rullond and Kakinya sites, low cost elements
are more abundant than high cost elements. At the
Rullond site, the low cost skeletal elements
correlate positively and significantly (r = .79, p
< .05) with food utility, while high cost elements
correlate negatively but insignificantly (r = -.35, p
= .13) with food utility. At the Kakinya Camp, the
low cost skeletal elements correlate positively and
nearly significantly (r = .78, p = .07) with food
utility, while the high cost skeletal elements
correlate negatively and nearly significantly (r = 63, p = .09) with food utility. Neither site shows a
correlation with net meat return. Interestingly,
with the Nunamiut data the high cost set begins to
take on the reverse utility pattern so common in
archaeological sites. As we argue below, we
believe this is due to post-discard destructive
processes.

Summary of ethnographic cases
Overall, these cases show that in the one
ethnographic case (the Hadza) where direct
observations of skeletal element transport were
available for analysis, high cost elements were
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transported more commonly than low cost
elements. However, within these classifications
skeletal elements tended to be transported in equal
proportions. Clearly, as Monahan (1998) has
argued, and Metcalfe and Barlow’s (1992)
discussion indicates, field processing plays a
critical role in Hadza skeletal element transport
decisions.
In the two cases where direct
observations of transport were not available (Kua
and Nunamiut), and the samples available for
analysis were bone accumulations resulting from
skeletal element transport and destructive
processes, the low cost skeletal elements were
present in proportion to their food value while the
high cost skeletal elements were not. Not a single
sample from any of these ethnographic examples
shows a positive correlation with net meat return as
recently estimated by Madrigal and Holt (2002).
There are at least two potential explanations
for the differences seen between these huntergatherer groups. First, we could argue that there are
clear differences in the way these three groups
transport skeletal elements. If this were true, then
the Nunamiut would clearly be practicing a lowcost long bone dominated transport strategy, the
Kua would be practicing an unbiased strategy
where neither high nor low cost skeletal elements
were favored, and the Hadza would be practicing a
high-cost axial bone dominated transport strategy.
Alternatively, the difference between these
three samples may result from differences in the
timing of data collection relative to deposition and
site abandonment. Both the Nunamiut and Kua
studies document that carnivores were active at
these sites after people discarded the bones. The
Hadza observations, by contrast, were made before
carnivores had access to the bones. We believe the
Kua and Nunamiut pattern can be explained by the
well-known tendency for non-long bones to be
selectively removed by carnivores from humanly
discarded bone assemblages (Bartram & Marean,
1999; Blumenschine & Marean, 1993; Capaldo,
1995; Marean et al., 1992). We believe that these
three data-sets represent successive stages in the
formation of a faunal assemblage: 1) the Hadza
assemblage represents a pristine unmodified faunal
collection of transported elements, 2) the Kua data-
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Figure 6. The main features of high and low survival skeletal elements. The critical distinction is the lack of greasy trabecular
bone in the shaft of the high survival element, and its high density.

set represents an assemblage after several weeks of
attrition, and 3) the Nunamiut assemblage represents
an assemblage after several months to years of
attrition. One of the final stages in the taphonomic
history of a skeletal element assemblage is the
attrition that occurs in the sediments, as the
transported assemblage becomes an archaeological
assemblage. This late stage is significant for all
archaeological faunal assemblages, as we will see by
examining two archaeological cases. But first we
develop a basic model that fits the Nunamiut and
Kua pattern and can be used to help guide skeletal
element applications of foraging theory.
A general taphonomic model
The primary problem for zooarchaeologists wishing
to apply foraging theory principles to SEA is that
virtually all faunal assemblages are subject to
33

processes of destruction after people have
transported and discarded the bones. Here we will
distinguish between nutritive and non-nutritive
processes of bone destruction. This is a variation
on similar ideas by Blumenschine (1986, 1988) and
Capaldo (1997). This distinction is important
because the nutritive and non-nutritive processes
affect bones in different ways.
Nutritive processes of destruction are those
that result from animals attempting to extract
nutrition from the bone and thus are targeted at
bone portions where nutrition and bone is not
easily separated. Nutrients include marrow within
the cortical portions of long bones and mandibles,
bone grease that all bovids and cervids store in
cancellous bones, and brain matter. Importantly,
marrow is separable from cortical bone before
consumption, and carnivores typically crack, spit
out, ignore, or avoid cortical bone portions (e.g.
Binford et al., 1988; Blumenschine & Marean,
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1993; Blumenschine, 1988; Bunn & Kroll, 1986;
Marean & Spencer, 1991).
Grease is not
mechanically separable from cancellous bone by
non-human animals, and thus carnivores chew and
swallow the cancellous portions of bone, allowing
the digestive tract to render out the grease (e.g.
Binford et al., 1988; Blumenschine & Marean,
1993; Blumenschine, 1988; Brain, 1981; Marean &
Spencer, 1991). To survive these nutritive
processes of destruction and thus be countable to
the zooarchaeologist, a bone must have a
substantial portion that has thick cortical bone and
no cancellous bone (Figure 6). Any bone portion
with associated cancellous bone will likely be
destroyed or deleted by carnivores scavenging
human meals, and we know this process to be
geographically and environmentally widespread
(Bartram, 1993; Bartram et al., 1991; Bartram &
Marean, 1999; Binford, 1978; Binford et al., 1988;
Blumenschine, 1988; Bunn, 1991; Capaldo, 1995;
1998; Selvaggio, 1998; Yellen, 1991). A wide
variety of taphonomic studies in both naturalistic
and experimental conditions, all cited above, have
demonstrated the correctness of these
generalizations, and it is now safe to say that these
statements can be considered a law of site
formation process that must guide all
zooarchaeological analyses.
Non-nutritive processes of bone destruction
include those processes that are not the result of
animals attempting to derive nutrition. These
include trampling, sediment compaction, chemical
leaching, burning, and any other chemical or
mechanical process that destroys bone. It is widely
believed that these processes are density mediated,
meaning that the level of destruction is negatively
related to the skeletal element’s density (Grayson,
1989; Lyman 1984, 1985, 1992). If this is so, and
there is still little experimental research that has
documented the relationship between density and
survivability in reaction to non-nutritive processes,
then there are two important propositions that arise.
First, skeletal elements that lack at least some
portion that is reasonably dense will rarely survive
in an identifiable state. Bone density studies have
shown that the densest parts of bovid and cervid
skeletons are the thick cortical bone portions of
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long bones, and teeth (Kreutzer, 1992; Lam et al.,
1998; Lyman, 1984). Second, the only skeletal
elements that will record relative abundances that
reflect their original discard abundance are those
that have similar portions and high density.
This discussion leads to three rules that
guide the choice of skeletal elements for studies of
SEA using principles of foraging theory:
1) The skeletal element must have a substantial
portion that has thick cortical bone and lacks
cancellous bone (Figure 6).
2) The density through that portion must be high,
and the elements chosen for analysis must have
similar densities through the cortical portion.
3) That portion must be identifiable to skeletal
element, and zooarchaeologists must identify and
quantify it accurately.
These rules allow us to divide the skeleton
into two analytical sets that are useful for
investigating different processes. These sets we
will call high survival and low survival elements.
High survival elements are those that generally
fulfill criterion 1 above. This set predominantly
overlaps with low cost skeletal elements. These
include all of the long bones, mandibles (these
basically function like a long bone due to their
dense cortical bone and open medullary cavity),
and crania (due to the presence of teeth and
petrosal). These bones can accurately represent the
relative abundance of skeletal elements, and may
be usefully investigated using a foraging theory
model.
The relative representation of low survival
(predominantly high cost) elements will reflect
their ability to survive the variety of processes that
affected the assemblage after its transport and
discard. These elements include all vertebrae, ribs,
pelves, scapulae (which have thick cortical bone
but are difficult to identify and quantify when
fragmented), and all tarsals, carpals, and phalanges
of Size 1 and 2 animals since these tend to get
swallowed by carnivores (Marean, 1991). These
elements will be useful for evaluating the level of
destruction to which the assemblage has been
subjected, and are thus taphonomically but not
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Figure 7. Map of Iran showing the location of Middle Paleolithic sites, including those discussed in the text (Kobeh and
Kunji).

behaviorally informative.

Kobeh is a small cave near Kermanshah in
the west-central Zagros Mountains in Iran (Figure
7). Kobeh occurs at 1300 m a.s.l. in the Tang-iKnisht valley next to the rising slopes of the
Zagros Mountains, and is very close to Warwasi
(scale on Figure 7 does not resolve their positions).
The Tang-i-Knisht valley is a smaller side valley of
the main Kermanshah valley near the town of
Kermanshah. The cave is approximately 12 m
deep by 7 m wide at the mouth. Bruce Howe
carried out excavations with a 2 m by 2.5 m pit in
the front quarter of the cave. All lithic and faunal
material was screened and saved including even
very small (< 1 cm) lithic and bone fragments. The
Mousterian deposit lies 1.6 m below the surface
and penetrates another 1.6 m where a rocky rooffall overlies an apparently sterile horizon. The
Mousterian deposits were excavated in 10 cm

Application of the taphonomic model
We will now examine SEA archaeologically and
see if the model discussed above helps render the
patterning more consistent with the predictions of
foraging theory.
The samples are from the
Mousterian layers at two sites, Kobeh Cave and
Kunji Cave. Our methods have included an effort
to include cortical shaft portions of the high
survival elements in the estimates of SEA, using
procedures discussed elsewhere (Bunn & Kroll,
1986; Marean & Frey, 1997; Marean & Kim,
1998), and here we report MNEs calculated using a
fraction summation approach that samples all areas
of all bones (see Marean et al., 2001).
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Figure 8. Skeletal element representation relative to Standardized Food Utility at a) Kobeh and b) Kunji. Solid regression lines
apply to Low Survival elements, dashed regression lines to High Survival elements.

levels. More details on this faunal assemblage are
in Marean and Kim (1998).
Kunji is a large cave in the Khorramabad
Valley of the central Zagros Mountains (Figure 7).
The cave is situated about 1300 m a.s.l. and 60-70
m above the valley floor. The cave faces west and
is 18 m wide by 28 m deep by 4 m high. Henry
Field, who did a test excavation near the entrance
to the cave, discovered Kunji. Hole and Flannery
(Hole et al., 1967) also conducted a test excavation
with a long 1 x 10 m trench in 1963. John Speth
(Baumler et al., 1993; Speth, 1971) carried out
extensive and careful excavations in 1969. Speth
screened and retained all bone fragments within 1
m squares and excavated 21 squares of Mousterian
material.
Wild goat and wild sheep dominate the
taxonomically identifiable remains both at Kobeh
and Kunji, though Kunji does have substantial
portions of gazelle. Thus Size 1 and 2 bovids
dominate the assemblages. Most of the fragmented
bone is not identifiable to species, however it is
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reasonable to assume that the Size 1 are most likely
juvenile goats and sheep, or gazelle, while the Size
2 are most likely adults. Figure 8 plots the SEA of
both sites versus the SFUI, as was done above in
the ethnographic and archaeological analyses.
However, in this analysis we have grouped the
bones into high survival and low survival sets
following the recommendations made above, and
conducted separate regression analyses of the two
sets. The results are strongly consistent with the
model presented above.
The high survival
elements show a positive relation with food utility
for both Kobeh (r = .69, p = .06) and Kunji (r
= .82, p < .05). The low survival elements at
Kobeh (r = -.35, p > .05) and Kunji (r = -.2, p
> .05) show in both cases a negative but
insignificant relation with food utility.
Both Kobeh and Kunji show a scatterplot
pattern very similar to the Nunamiut case in which
there is a dramatic separation between the two sets
of elements. We think this likely results from the
fact that, like the archaeological cases, the
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Nunamiut skeletal elements have undergone
significant nutritive destruction from carnivores,
thereby lowering the abundance of the low survival
skeletal elements (the high cost set). The Kobeh
and Kunji cases represent a final stage of deletion
of low survival-high cost elements beyond that
observed with the Nunamiut data, where their
abundance is a function of various post-nutritive
processes of bone destruction as well. The positive
and significant correlations between the high
survival set and food utility are consistent with
what we would expect hunter-gatherers to do,
given our results from the ethnographic cases:
those elements are being transported in a manner
consistent with their gross returns.

taphonomic results into a basic model of skeletal
element survival that divided the carcass into two
sets: a high survival and low survival set. There is
a high degree of overlap between the high survival
set and low cost set, and between the low survival
set and high cost set. Long bones as a group
belong entirely to the high survival/low cost set,
while several other skeletal elements change
affiliations. Figure 9 shows a schematic of how
these element sets relate to each other and the
processes of skeletal element transport and
destruction.
Hunter-gatherers generally will transport
high cost skeletal elements because they require
substantial amounts of effort to fully process. For
example, while one can rather quickly remove the
main muscles associated with the vertebrae, it takes
much longer to fully exploit the scatters of flesh
that are tightly bound with the processes. Bartram
(1993) has noted that hunter-gatherers are often
nervous at exposed butchery locations, fearing
interference from large carnivores. This, combined
with the desire to fully exploit a carcass’s nutrients
and to shed the bone weight of elements that can be
more quickly and completely defleshed (such as
tibia) may contribute to the transport of these high
cost elements. Unfortunately, the low survival
skeletal elements will rarely be useful for foraging
theory analysis in archaeology because their
abundance is a reflection of post-discard attrition
by nutritive and non-nutritive processes of
destruction. Thus studies attempting to apply
foraging theory must focus on the high survival set.
These results hold out both positive and
negative implications for zooarchaeologists. As
we noted above, Grayson and Cannon (1999)
lament the lack of success of skeletal element
analyses for illuminating human behavior. We
think we can now target their pessimism more
accurately, and carve out a degree of optimism.
Only in perfectly preserved assemblages will
foraging theory analysis of all skeletal elements be
possible. We do not believe such perfectly
preserved assemblages exist. If the Hadza pattern
of transport is at all typical, we must accept the fact
that the bones that are most commonly transported
may not be available for meaningful behavioral

Summary and conclusions
In the prior discussion we provided a distinction
between high cost and low cost skeletal elements in
an attempt to control for the impact of complete
processing costs on skeletal elements. We found
that in the ethnographic case where actual
observations of transport are available, the high
cost elements were transported more frequently
than the low cost elements. Monahan (1998) has
argued that this results from decisions on the part
of the Hadza to shed bone weight prior to transport
if it can be done easily. However, this pattern was
not evident in the Kua data-set, and the precise
opposite of this pattern was found with the
Nunamiut data-sets. We argued that this reversal
in pattern is likely to represent post-discard
attrition of the faunal assemblages, resulting in
depressed relative representation of the high cost
skeletal elements. The new net return rate data
provided by Madrigal and Holt (2002) did not
correlate well with any of the ethnographic data,
suggesting that transport decisions may be
governed more by a strategy focused on
maximizing gross returns while minimizing
weight. However, there are some important factors
effecting net return that have not been thoroughly
studied, and future research may result in different
results.
We then summarized a wide range of
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Figure 9. A schematic of the pattern of faunal assemblage formation, indicating a shift in the relative representation of high cost (low
survivability) and low cost (high survivability) skeletal elements.

analysis to the zooarchaeologist as there is a high
degree of overlap between the high cost and low
survival sets. If the model proposed here is correct
then much of the axial skeleton is seemingly
unavailable for useful behavioral analysis because
all of these elements belong to the low survival set.
That is unfortunate for several reasons.
First, the Hadza data-set, the only
ethnographic data-set that presents data on actual
transport, shows that people transport axial and
appendicular elements differently due to their
varying post-encounter processing costs and
dramatic differences in within-bone nutrients
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(Monahan, 1998). Such differences would likely
be the critical parameters behind human decisions
to transport in response to varying socio-ecological
contexts, and thus would be archaeologically
interesting. Second, much of the debate over
hominid scavenging and hunter-gatherer skeletal
element transport has focused on this axialappendicular transport distinction (Binford, 1981,
1985, 1988; Bunn, 1986; Bunn & Kroll, 1986,
1988). The model presented here suggests that this
focus, at least in archaeological studies, is
unproductive since we cannot accurately gauge the
original number of axial parts that were
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transported. On the positive side, the high survival
elements can be the basis for investigations of SEA
guided by foraging theory. However, the Hadza
data suggest that these are transported on average
secondary to most of the bones of the axial
skeleton. Thus our archaeological view on skeletal
element transport is biased toward those bones that
are often not the highest ranked for transport.
We still need to address a final question. Is
this high survival set sufficiently diverse and
behaviorally sensitive to allow us to ask interesting
foraging theory questions? The answer to this
question lies in the ethnographic data-sets on
skeletal element transport. These old data-sets, and
any new ones that can still be generated, need to be
examined by archaeologists from the perspective of
what is archaeologically useful - the high survival
elements. It is important to note that the high
survival set proposed here includes bones from
both the limb region and skull and it is very likely
that these two regions are transported very
differently in response to different socio-ecological
contexts. Also, within the limb the upper long
bones (humerus-radius and femur-tibia) are
significant meat-bearing bones while the
metapodials are not. Careful examination of the
relative representation of these bones may reveal
interesting behavioral patterns.
O’Connell (1995) recently argued that
actualistic study was in a theoretical crisis in that it
had no guiding general theory, and he proposed
behavioral ecology as a useful focus. While we
certainly agree with this, that point cuts both ways:
robust applications of general theory require strong
middle range theory, particularly in archaeological
applications where the unit of observation is not
human action, but rather the discarded remnants of
human action. That extra inferential step forces
constraints on the application of behavioral
ecological principles, and those constraints
surround the question of whether our unit of
measurement is measuring human behavior, or
some other taphonomic process. Our model argues
that the entire skeleton is likely unavailable for
productive analysis, but that we can productively
apply behavioral ecological analyses to the high
survival set. This result, grounded in middle range

research, has obvious practical applications. But
more generally, it shows that general theory is
helpless without a tight link to the middle range
theory that has been developed by years of
incremental, and perhaps outwardly rather
empirical, taphonomic research.
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