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Combining these two measures provides a model for interpreting fragmented
bones that were fractured by humans.

High %whole indicates low marrow use (Figure 2, class 1). Intensive marrow
extraction in conjunction with low grease use results in low %whole and low
NISP:MNE (Figure 2, class 2). Intensive marrow and grease use results in low
%whole and high NISP:MNE (Figure 2, class 3). If complete elements are
abundant, then marrow extraction was infrequent (class 1); if most elements are
broken but fragmented into large pieces, high marrow use and possibly low grease
use occurred (class 2); if all or nearly all elements are highly fragmented, high
marrow and grease use are inferred (class 3). Class 0 is illogical. For example if
%whole is 95, but NISP:MNE is 10:1, then the interpretation would be that
although only 5 percent of the bones were fragmented, that 5 percent was intensely
fragmented. Such an assemblage might comprise a time-averaged agglomeration
of a few events of intensive fragmentation and many events of little or no
fragmentation.

There is a potential problem if NISP:MNE is used to measure intensity of
fragmentation. Marshall and Pilgram (1993) illustrate that the effects of frag-
mentation on NISP (and estimates of element abundance) are twofold. First,
complete elements are broken into several large identifiable fragments; thus
NISP increases with fragmentation. However, fragmentation into progressively

. NISP:MNE & NSP:NISP

High Low

Class 0 Class 1
Righ No interpretation Low marrow use
Few elements broken Few elements broken

Those broken are highly fragmented | Those broken are not highly fragmented

(small fragments or whole elements) | (large fragments or whole elements
% Whole E )

Class 3 Class 2
Low High marrow use; high grease use High marrow use; low grease use

Many elements broken Many elements broken
Those broken are highly fragmented | Those broken are not highly fragmented

(smalt fragments) (large fragments)

Figure 2. Chart describing fragmentation classes according to
%whole and NISP:MNE.
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smaller pieces of bone eventually renders specimens unidentifiable. At high
intensities of fragmentation there might be many pieces of bone, but they would
be unidentifiable and thus NISP would be reduced (Figure 3). In these assem-
blages NISP:MNE would be low, suggesting low intensity of fragmentation. If
NISP:MNE is low but the assemblage appears to be intensively fragmented into
unidentifiable pieces of bone, then a ratio of NSP (number of specimens) to NISP
should be high (Grayson, 1991; Figure 2, class 3). That is, the relative abundance
of unidentifiable bone fragments should be high compared to assemblages that
are less intensely fragmented.

Yellen (1991b) demonstrates that among modern foragers marrow extraction
technique varies by prey taxon. Further, differential concentrations of marrow in
shafts and cancellous ends contribute to mamrow-extraction contingencies. The
model presented here accounts for both problems. First, it can be applied in a
species-specific manner. Second, %ewhole is a measure of element completeness.
Despite diverse contingencies in marrow extraction from various elements (and
taxa), complete bones were not exploited for marrow by prehistoric humans.

High
- .y
- - - ~
- ~
R N
, \
’
’
’
’
o
@
-
Low —
Low High
Degree of Bone Fragmentation

Figure 3. The relation between NISP and bone fragmentation (after
Marshall and Pilgram, 1993, Figure 3).
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Therefore, the more complete elements one finds (higher %whole), the less
frequently complete elements were fractured. If fragmentation can be analytically
linked to human marrow extraction via disconfirmation of nonhuman fracturing
agents, then %whole is useful for monitoring frequency of marrow extraction in
so much as one is willing to assume that humans fracture fresh bone to extract
marrow and grease.

Grease extraction is more problematic; NISP:MNE has the analytical disadvan-
tage that it incorporates only fragmented specimens. In this sense, there is no
dichotomy between an unexploited and exploited bone as is the case with %whole;
rather, fragment size is considered indicative of grease-extraction intensity. If
one is willing to assume that smaller fragments are always indicative of relatively
intense grease exploitation, then the model presented here can be used.

If humans exploited within-bone nutrients and nonhuman taphonomy is con-
trolled, fragmentation effects can be expected to vary among elements according
to the amount of grease or marrow available in different elements. Table 1 lists
the matrow and grease values of different skeletal parts from caribou (Rangifer
tarandus) and sheep (Ovis aries) following Binford (1978). Even though marrow-
utility values are available for other taxa (e.g., Madrigal and Capaldo, 1999), I use
Binford’s (1978) caribou and sheep values because he also determined grease
utility values for these same taxa. I can thus compare the skeletal-part distributions
of grease and marrow for both taxa.

Rank order correlation between the skeletal part distribution of grease and of
marrow for sheep is significant (Spearman’s rho = 0.48; p < 0.01); the same is true
for caribou skeletal parts (rho = 0.53; p < 0.01). This suggests that elements with
relatively large quantities of marrow also have high quantities of grease. Apparent
in Table 1, however, are two patterns. In terms of marrow value, skeletal parts are
either useful or, for the most part, useless (hence the high number of elements that
have values of 1). Grease values, on the other hand, do not exhibit the same pattern.
Most skeletal parts have at least some grease (Figure 4). This is related to bone
structure; not all elements have extensive marrow cavities, so by default some
elements have low marrow values. Cancellous bone, however, occurs in most
skeletal parts; thus grease is found in most elements. The contingencies that
mediate marrow extraction are not the same as those mediating grease extraction.
In order to extract marrow one must have a bone with a marrow cavity; in order to
extract grease one must have only bone tissue.

Marrow and Grease Utility Curves

Marrow and grease utility curves can be plotted such that strategies of within-
bone nutrient use can be inferred (Figure 5). Use of marrow- and grease-utility
curves requires a shift in analytical focus from monitoring abundance of skeletal
parts relative to their utility to examining how frequently parts were fragmented
relative to their grease and marrow utility. Marrow-utility rank of skeletal parts is
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Table 1. Grease and Marrow Utility Values for Sheep (Ovis aries) and

Caribou (Rangifer tarandus) (after Binford, 1978).

Sheep Caribou

Marrow value Grease value Marrow value Grease value
Skeletai part (rank) (rank) (rank) {rank)
Antlerfhomn 1 (24) — (—) 1 (1) — )
Skuli 1 (24) — ) 1 M — )
Mandible 10.35 (16) 11.75 (20) 574 (18) 1251 (25)
Atlas 1 (24) 719 (27) 1 (24) 13.11 (23)
Axis 1 (24) 9.47 (24) 1 (24) 1293 (249)
Cervical 1 (24) 15 (15) 1 (24) 17.46 (19)
Thoracic 1 (24) 982 (225 1 (24) 1226 (26)
Lumbar 1 (24) 1474 (16) 1 (24) 1482 (21)
Rib 1 (24) 9.3 (26) 1 (24) 75 (28)
Sternum 1 (24) 11.05 (21) 1 (29) 26 (16)
Scapuia 623 (18) 385 (28) 6.4 (17) 7.69 (27)
P. humerus 2826 (13) 5667 (2) 2969 (12) 7546 P)
D. humerus 41.21 ©) 938 (25) 28.33 (13) 27.84 (13)
P. radius 3540 (11) 3254 (8 43.64 (8) 37.56 )
D. radius 68.98 (4 1877 (13) 66.11 4 327 (10)
Carpals 1 (24) 2298 (12) 1 (24) 36.47 (8)
P. metacarpal 62.93 (6 13.24 (18) 61.68 (5) 16.71 (20)
D. metacarpal 71.85 (3 3359 (6) 37.08 9) 4247 (6)
Pelvis 957 (17) 3465 (4 785 (16) 29.26 (12)
P. femur 3862 (10) 2368 (11) 3351 (10) 269 (14)
D. femur 56.05 (8 100 (1)  49.41 (6) 100 (1)
P. tibia 57.84 (7 56.4 (3) 43.78 (7) 69.37 3)
D. tibia 100 (1) 2684 (99 929 (2) 26.05 (15
Astragalus 1 (24) 24.38 (10) 1 (24) 3247 (11)
Calcaneus 23.11 (15) 3438 (50 21119 (15) 46.96 4
P. metatarsal 64.16 5 1237 (19) 81.74 @ 17.88 (18)
D. metatarsal  73.52 (2 3333 (7)) 100 (1) 43.13 (5)
1st phalanx 3377 (12) 157 (14 30 (11) 3327 (9
2nd phalanx 2511 (14) 1333 (17) 22.15 (14 2477 (A7)
3rd phalanx 1 (24) 9.82 (22.5) 1 (24) 1359 (22)
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Sheep (Ovis aries)
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Figure 4. The relationship between utility value and rank by element for
marrow and grease. Utility values are scaled to log' to illustrate that low
grease rank and low marrow rank elements exhibit different patterns.
Marrow utility drops to 1, but most bones have grease.

Based on data in Table 1.

plotted against %whole because elements bearing high amounts of marrow should
be fragmented first (Figure SA). If resources are depressed, relatively low
marrow-value parts are also expected to be extensively fragmented. The gourmet
marrow curve illustrates that only high-rank parts are being fragmented in marrow
extraction. The bulk-strategy curve illustrates that both high- and low-utility parts
are being fragmented for marrow extraction (Figure 5A).

The expected relations between fragmentation and grease utility is illustrated
in Figure 5B. As grease extraction becomes more important (e.g., in times of
resource depression), more high- and also low-value parts should be intensely
fragmented. Gourmet curves reflect that only high-grease-value parts were
exploited; bulk curves show that low-value parts were incorporated in grease

rendering. If one assumes that humans always use preferential (high-retumn)
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Figure 5. Utility curves for marrow (A) and grease (B) extraction.
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resources and tumn to less desirable resources only in times of need (e.g., in times of
nutritional stress), then the presence of bulk marrow- and grease-utility curves can
be considered to reflect resource depression. This assumption is one to be made
clearly and carefully, because it requires the corollary assumption that humans
always do what is adaptive—i.e,, it leaves no room for nonadaptive variability in
resource exploitation. More simply put, it does not allow for the possibility that
humans might exploit “low-rank” resources for reasons other than caloric need.

DIET BREADTH FROM THE CARCASS POINT OF VIEW

Diet breadth modeling in zooarchaeology has focused on evaluating the relative
abundance of prey taxa of diverse food values. Broughton and others (e.g.,
Bayham, 1979; Broughton, 1994a, 1994b; Butler, 2000; Cannon, 2000; Stiner,
Munro, and Surovell, 2000; Stiner, Munro, Surovell, Tchemmov, and Bar-Yosef,
1999) create prey indices that incorporate ratios of taxonomic relative abundance.
An example of one such index is the Artiodactyl Index (Szuter and Bayham, 1989):

X NISP Artiodactyl / X (NISP Artiodactyl + NISP Lagomorph)

The closer the index is to a value of one, the more of a focus there appears to have
been by human predators on high food-value Artiodactyls. The closer the index is
to a value of zero, the broader was diet of human predators because they appear to
have incorporated into their diet lower-value food items (e.g., Lagomorphs). The
model is based in optimal foraging theory, which states that humans only turn to
low food-value in times of dietary pressure when such a solution would be
beneficial.

The same kind of indices can be created to monitor carcass exploitation by
human predators. Instead of incorporating taxonomic relative abundance in an
index, one would use fragmentation values (either %whole or NISP:MNE) for
elements of different food value. An example of such an index is the Humerus
Index below. Note that [ have changed from %whole to %incomplete; the reason
for the change is superficial. Instead of calculating the percent of remains that are
“unexploited” as does %whole, %incomplete assesses the percent of the remains
that were “exploited.” The Humerus Index is framed in reference to one taxon
(e.g. white-tailed deer) and is calculated as:

%incomplete Humeri / Z (%incomplete Humeri + %incomplete Phalanges)

The closer the index is to a value of one, the more it appears that marrow
exploitation was focused on high food-value humeri. The closer the index is to
zero, the more it appears that human predators incorporated low food-value
phalanges in their diet.

There are minimally two reasons that low-marrow-utility elements would
be added to diet in times of resource depression. First, as humans become
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nutritionally stressed they are expected to exploit carcasses more thoroughly.
Second, “the relative nutritional value of phalanges (low utility] and other distal
bones is expected to increase as the nutritional state of the animal worsens . . .
phalanges may contain the last reserves of the animal’s marrow and hence
[in times of nutritional stress] be more nutritionally valuable than other parts”
(Jones and Metcalfe, 1988:422). The first reflects expansion of diet by humans
under dietary stress; the second is a physiological condition related to the prey
animal’s health, i.e., what is available for exploitation.

Discussion

Carcass exploitation indices, should they be created and used, provide
zooarchaeologists with several analytical advantages. First, prey indices must be
justified with detailed studies of prey behavior; this is necessary to indeed assume
that one prey taxon is of high food value and another taxon is of lower food value
to humans. A carcass exploitation index would offer a simpler means of gauging
diet breadth trends through time and diet breadth patterns across space. That is,
the food-value assumptions are relatively simple; those elements with higher
amounts of marrow or grease are of higher food value than those with lower
amounts of marrow and grease.

Second, the taphonomic problem of density-mediated destruction that
zooarchaeologists are blatantly confronted with in the use of most forms of
utility curves can be analytically diminished. This is accomplished by choosing to
use high-density elements in the carcass exploitation index (e.g., humeri and
phalanges). Third, the transport problem of traditional body-part representation
analyses is eliminated. The use of fragmentation units, such as %incomplete
reflects, “of the elements transported, what percent were exploited?”” The use
of a carcass exploitation index does require the following assumption; the analyst
must assume that marrow or grease extraction was the agent of fragmentation.
Echoing Lyman (1994a:335), such an assumption can be supported by assessing
taphonomic signatures left by various agents of fracture (see also Stiner, Kuhn,
Weiner, and Bar-Yosef, 1995).

CONCLUSION

During the last two decades zooarchaeologists have wrestled with analytical
hurdles inherent in the use of utility curves (e.g., Lam, Chen, Marean, and Frey,
1998; Lyman, 1985, 1991; Marean and Frey, 1997; Rogers and Broughton, 2001).
Grayson and Cannon (1999) challenged zooarchaeologists to derive testable
implications with which to assess changes in prehistoric foraging efficiency.
I believe that simplification of previously framed zooarchaeological methods
answers that challenge. In regards to prehistoric foraging of carcasses, a shift
in focus to fragmentation following Lyman (1994b) simplifies matters greatly.
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Instead of studying invisible portions of carcasses and how they were or were not
exploited, zooarchaeologists can instead examine skeletal remains as tangible
resources and focus on what was visibly utilized. In terms of the broader issue of
resource depression; utility analyses such those framed here offer one line of
evidence. Other zooarchaeological analyses can be used to provide comple-
mentary evaluations of prehistoric trends and patterns.
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