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THESIS ABSTRACT

ALAN KEITH OUTRAM

THE IDENTIFICATION AND PALAEOECONOMIC CONTEXT
OF PREHISTORIC BONE MARROW AND GREASE
EXPLOITATION

The reasons for studying bone marrow and grease use, through the analysis of bone
fracture and fragmentation in archaeological assemblages, are introduced.
Information and methodologies pertinent to the study of prehistoric bone fat use are
discussed. These include consideration of ethnographic information, the dietary
significance of fat, lipid chemistry, the economic anatomy of animals, the potential
application of optimal foraging theory, our current knowledge regarding bone
fracture and methods of assessing bone fragmentation levels. A method of indexing
bone fracture freshness is created and tried out on a range of laboratory generated
bone fractures. A methodology for identifying levels of bone fat exploitation on
archaeological sites is formulated along with models for the recognition of various
bone fat exploitation patterns. This methodology is tested on a number of
archaeological sites. These sites are Mondeval de Sora (a Mesolithic Italian site),
Wallsend Roman site, four sites in West Greenland (two Palaeo-Eskimo sites and
two Norse sites), Ajvide (Gotlandic Middle Neolithic site) and Uxbridge (early post-
glacial site near London). At the last of these sites, a spatial element is introduced
into the analysis. The methodology appears to be successful in identifying different
patterns of bone fat exploitation and different levels of post-depositional damage.
The methodological and archaeological issues raised by the case studies are discussed

and suggestions for future research in this field are made.
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INTRODUCTION

The stimulus for undertaking the following piece of research is the combined effect
of three factors. One factor is the general theoretical outlook of the author and th
other two stem from observations of possible current shortcomings in

zooarchaeological practice.

Initially, let us consider the first of these methodological shortcomings. For some
time I have been concerned about that category in archaeological bone assemblages
commonly referred to as “indeterminate”. Such bone fragments are indeterminate for
a number of reasons. It is usually because they are not considered to be “diagnostic”,
and by diagnostic the zooarchaeologist usually means that the fragment cannot be
assigned to species and skeletal element. Alternatively they may not come from
“diagnostic zones”; those areas considered to provide interesting information. In
many faunal reports indeterminate fragments will be dismissed after brief
quantification (a simple count or a weight), but usually they will not be mentioned at

all.

This approach can easily be justified in terms of a simple ratio of effort and return.
One appreciates that archaeology is severely limited in financial terms.
Environmental analyses tend to be a particularly expensive part of any post-
excavation brief. One must, therefore, attempt to gain as much as one can for one’s

time and money. This means the development of strategies to decide what is worth



examining and what is not. But is the indeterminate class truly “undiagnostic”?

Does it really tell us nothing?

Furthermore, the indeterminate class is growing. This is not because the
“-zooarchaeologist is becoming more selective, but rather because excavation recovery
is improving. Wet sieving is now a widespread practice and could be considered
essential on earlier prehistoric sites. The result of such sieving operations is that
small “diagnostic” bones (small elements like phalanges, small mammals, birds and
fish) are found but so are vast quantities of small “indeterminate” fragments. This is
an untapped resource. These tiny pieces may hold the key to many taphonomic
questions. These fragments are the last vestiges of elements that did not make it to
be counted; elements that were present (still are present) but do not attain the dizzy
heights of an NISP (number of identifiable specimens) value. If one is missing
humeri on a given site, were they really never there or are they sitting at the bottom
of a residue sieve waiting to be diligently picked out from the grit with tweezers,
dried, weighed, bagged and forgotten? This is all just so much rhetorical posturing
unless it really is possible to get some meaning from these scraps. This is stimﬁlus

factor one.

The second observation on zooarchaeological method concerns the identification of
within-bone nutrient exploitation. With respect to bone marrow use, reports are
frequently very limited in their discussion. All too commonly marrow exploitation
will be dealt with in a single sentence, which will read something like this: “the
presence of deliberate fracturing of limb bones indicates that marrow was being

exploited”. In itself there is nothing wrong with such a statement, but the statement



is often not supported. There is frequently little discussion of the criteria used to
identify the practice of bone marrow exploitation. Fracture types may be mentioned
but definitions tend to be loose. There are certainly some exceptions but, in almost
all cases, there is no effort to quantify the levels of marrow extraction in the
assemblage. Bone grease extraction is often treated in the same scant fashion. We
are told something like “the high levels of fragmentation in the assemblage suggest
that bones were being rendered for grease”, but the level or nature of the

fragmentation is rarely scrutinised let alone quantified.

Zooarchaeologists have detailed models for examining the exploitation of meat and
secondary products but many (not all) appear less interested in fat, despite its dietary
significance. Perhaps this is the effect of the age we live in; an age where fat, either
in foodstuffs or on people, is deeply unfashionable. We, perhaps, tend to forget its

past dietary significance which for some was a matter of life and death.

With regard to theoretical perspective, I consider it of utmost importance, when
dealing with prehistory, to establish all that we can, through uniformitarian
principles, before venturing further speculation. In the zooarchaeological study of
hunter/gatherers and early farmers this means gaining the maximum understanding of
past people’s palacoeconomics, their means and level of subsistence. This is
established through our current knowledge of animal anatomy, physiology and
behaviour, the physical and chemical properties of bone, the dietary needs of humans
and the reconstruction of resource landscapes as moderated by seasonal and long-
term climatic change. It is of little use knowing all about one resource and nothing of

others. Archaeology is often referred to as a jig-saw with many of the pieces missing



(Trad.), but it is vitally important to gain as many of the pieces as possible. In the
case of palacoeconomic study we are lucky in having so many data available to us
that can be evaluated against models derived from uniformitarian principles,
replicative actualistic studies and, of course, ethnographic studies. Bone fats are an
important resource of food and, as such, are a useful piece to place correctly in our

jig-saw of the past.

Once archaeologists have studied how people gained their basic subsistence they are
far better placed to address culture, ritual and religion. As anyone who puts together
jig-saws knows, it is best to start with the known and work from there. The easiest
pieces are the corners, then the edge pieces. Palacoeconomic “pieces” are very often
present in our incomplete set and can often be placed accurately. Cultural and
religious “pieces”, for instance, are somewhat more difficult to fit.and may be

missing altogether.

So, the three stimuli for this study are the need to study the indeterminate class of
bone fragments in greater depth, to take the identification and interpretation of bone
fat exploitation more seriously and to establish as much as we can about past
people’s palacoeconomics through uniformitarian principles. These three factors
underlie the reasons for studying prehistoric bone marrow and grease extraction
through the analysis of bone fracture and the nature of bone fragmentation. Such a
study needs to address many issues. Our ethnographic knowledge of bone marrow
and grease use must be reviewed, as must our knowledge of bone fat as a dietary
resource. Uniformitarian principles must be established for the identification of

marrow and grease exploitation, which will include research into the mechanical

\



properties of bone and the ways in which the nature and level of fragmentation can be
characterised and quantified. Such a study of fragmentation should include due
consideration of indeterminate fragments and what information can be gleaned from
them. The theoretical perspectives surrounding the interpretation and implications of

marrow fat and bone grease exploitation patterns should be discussed.

To sum up, the aims of this thesis are to, firstly, establish the background knowledge
and theoretical framework necessary for understanding within-bone nutrients as a
resource, particularly in prehistory. Secondly, a methodology for identifying such
practices will be derived, taking all recovered fragments into account. Thirdly, this
methodology will be tried out in a number of case studies, which will hopefully, in
addition to testing the methodology to find its limits, lead to some interesting
archaeological conclusions. Finally, the methodology and general approach will be

reviewed and potential future application discussed.

This volume is, therefore, arranged in three principal sections, as follows. Chapters
one to three form the first section. This section is designed to provide an overview of
what we know about bone fat as a resource and its context within palacoeconomic
theory. There is consideration of ethnography, fat chemistry, the economic anatomy
of different food species (including a worked example), optimal foraging theory and
how such information might be applied in an archaeological context. The second
section, chapters four to seven, considers how bone marrow and grease exploitation
might be identified on archaeological sites. This includes discussion of current
knowledge and zooarchaeological practice regarding the study of fracture and

fragmentation patterns. A new methodology for fracture study is established and



tested on experimentally fractured bone specimens and a new approach to
fragmentation studies is also outlined. Having established methodology the
remainder of the volume is dedicated to archaeological case studies. These case
studies are principally designed to test the fracture and fragmentation methodology
established in the preceding chapters, rather than the various palaeoeconomic
methods and indices discussed earlier in the volume. The first part of this volume is
essential as a theoretical backdrop to the case studies, however, and is very relevant
to the final interpretation of those sites. Without the first section, the second and

third sections would be meaningless.



CHAPTER ONE

A BRIEF ETHNOGRAPHY OF BONE MARROW AND BONE
GREASE EXPLOITATION

1.1 Introduction

Initially, let us define what we are discussing. Bone marrow is the fatty material that
is found in the hollow part of long bone shafts (the medullary cavity) and the lower
jaw. Bone grease, on the other hand, is the fat that can be extracted from within
spongy (cancellous) bone such as long bone epiphyses and axial elements. Before
one can consider the identification and importance of bone marrow and grease
exploitation in the archaeological record, it is clearly necessary to gain an
understanding of the ways in which this resource has been exploited by extant
populations and historically recorded peoplés of the recent past. Such an
ethnographic study is important for a number of reasons. In order to establish a-
methodology for the identification of bone marrow and grease extraction it is
essential to survey as wide a variety of possible extraction techniques as possible.
These extraction techniques must be carefully considered with reference to the level
of technology available. It is also important to understand the value attached to bone
fat, as a dietary resource, by a variety of peoples, if useful insights into past
subsistence economics are going to be made from the archaeological study of this
resource. It will also be useful to note aspects of bone fat utilisation related to the
ethnographic informant’s taste. Whilst it will be necessary to form some generalised

theory regarding the use of bone fat as a resource, it is also necessary to acknowledge



individual and cultural variability. Such variability may be related to matters such as
taste, but it may also be related to varying levels of _technology and varying
environmental and climatic settings. It is particularly important to note the
differences in the exploitation of bone fat between peoples with different
environmental settings. Such matters as the use of fat in craft activities also needs to

be noted.

Despite the clear importance of building up a large amount of ethnographic data on
bone marrow and grease exploitation, this is a far from simple task. By far the best
information available comes from a very small number of studies carried out with the
zooarchaeologist in mind. These form the basis of much that is said below.
Gleaning relevant information from anthropological works on traditional peoples is
more problematic. Whilst there is a vast wealth of ethnographic accounts, it is
decidedly hit and miss as to whether a given account will give details of marrow and
grease exploitation. Detailed accounts of hunting practice, butchery and food sharing
abound, but references to bone fat are frequently absent or brief and undetailed. The
principal problem facing this researcher is that it was impossible to read every
account available in order to find those which might provide the detail required. As
such it is conceivable that some good accounts have been missed. In particular, the
search is still on for even a single good account of marrow fat and grease use

amongst subsistence agriculturalists!



1.2 Bone Marrow Extraction and Consumption

By far the most detailed account of hunter-gatherer marrow exploitation is that given
by Binford (1978) on the Nunamiut Inuit. It is worth spending} some time
summarising his observations. Binford (ibid. p152) notes that processing at a base
camp varies from processing in the field, at kill sites or hunting stands. Let us first

address the domestic consumption of marrow at a base camp.

The basic diet of the Nunamiut tends to be strips of meat in a sfew (ibid. p145) and it
was noted that if the stew was rich in fat then marrow might not be consumed. If the
stew is less rich in fat, however, whole marrow bones are passed around to those
dining. Before individual consumers cracked their marrow bones they often warmed
them near the fire or in the stew pot itself. The women usually abstained from

marrow consumption at communal meals.

The bones cracked for marrow at these meals tended to be the major limb bones.
Metapodials and phalanges are treated differently. The "white marrow" in the more
distal limb bones is preferred in terms of taste. It can also be used for waterproofing
skins and treating bow strings (ibid. p24). Metapodials are processed separately for
the production of "marrow cakes" (ibid. p147). There is a special method used for
breaking metapodials which is not applied to other elements. They are split
longitudinally by cleaving them from the centre of the proximal articulation with a
knife struck by a maul. This is carried out on an anvil. Such longitudinal splitting
would produce a clear pattern in the archaeological record. Phalanges, containing

very little marrow, are not always processed. The decision on whether to process



phalanges or not is based on two variables. If the foot has not already been skinned
then processing for marrow is less likely because the total processing time will be too
long. Processing of phalanges is made more likely if the individual concerned is
worried about the camp's current level of fat supplies. The marrow in phalanges is
good tasting, however, and when it is consumed the phalanges are usually stewed

first, broken in two and the contents sucked out (ibid. p148).

The marrow cavities of mandibles are considered a more marginal resource. When
they are utilised the mandible is often first stewed before the mandibular hinge and
the incisors are removed by hitting below the third molar and down between the
incisors and the premolars, leaving just the tooth row (ibid. p149). The mandible is
not exploited if times are good (ibid. p150). In fact, Binford quotes an old saying to

demonstrate this:

"The wolf moves when he hears the Eskimo breaking mandible for marrow."

(Trad. in Binford 1978, p150)

Nunamiut hunters sometimes consume some marrow whilst at kill sites or hunting
stands. This is sometimes done in a very expedient fashion while the bones are still
articulated. If this is the case the meat is cleaned from the shaft of the target bone,
which has often been warmed next to a fire. The periosteum is then scraped from the
shaft before it is broken. The bone is broken mid-shaft with blows from a suitable
object; often the handle of a hunting knife (ibid. p153). Bones are only broken mid-

shaft if they are articulated.
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With disarticulated bones, more time is spent cleaning. The bone is warmed, as
before, and is picked completely clean of tissue, including_the articular ends. Such
cleaning often leaves marks like butchery marks. The periosteum is scraped off
before breaking, leaving clear scrape marks (ibid. p153). The cleaning takes about
4.5 minutes per bone. The breaking, which tends to take about 5 minutes, is carried
out by holding the bone in one hand and striking the bone (in the same way as
striking a flint) with "hammer" tool of some description. The bone is hit near both
articulations. The result is two articular ends, often with shaft splinters attached, a
shaft cylinder and many smaller splinters and chips. The marrow is then poked out,
very often with a willow twig (ibid. p155). Shaft fragments are usually discarded but

articular ends are retained for further processing (see bone grease below).

Spiess (1979, 25) has also commented upon the exploitation of marrow in the cold
regions of the North. He says that the humerus, radius, femur, tibia, metapodials and
mandible are usually exploited for marrow. He makes the general statement that
marrow bones are best processed by cracking them mid-shaft with a cobble and then
parting the two ends with a twisting action. Flakes of 10cm to 4cm wide are created
in this way. It is not clear whether Spiess observed this method in action or whether
he happened upon it himself. Binford goes to some length to stress that he never
witnessed the Nunamiut using this method (Binford 1978, 155) and the present
author has never read an account of a twisting method having been witnessed. This
is not to say that it is not a viable method. Spiess (1979, p158) comments, in
agreement with Binford, that mandibles are utilised when other fat resources are

becoming exhausted.
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Burch (1972, p362) briefly deals with uses of marrow in his study of caribou as a
resource in North America. He states that natives of that area boil the caribou femur

before splitting it for marrow. In north-western Alaska, caribou bones are saved up
to provide a resource of fat through times of food scarcity. Fat is also used as a fuel

for lighting,.

Fat is a resource of particular importance to those living in very cold environments
and marrow features as a food resource almost universally in accounts of such
people. Marrow is ;onsidered a particular delicacy by people living in Siberia (Levin
and Potapov (eds.) 1964; p636 and p708) and is usually eaten raw, fresh from the still
warm carcass of the animal (ibid. 155, p636). It is also used by peoples in Siberia in

the process of tanning (ibid. p575).

Marrow is also a much utilised resource of hunter-gatherers in much warmer
climates. O'Connell and Hawks (1988) give a clear description of marrow processing
by the Hadza of Northern Tanzania. The Hadza might consume marrow at the kill
site, a butchery station, the base camp or anywhere in between and discard their
waste at any of these locations. The bones are usually warmed near a fire before they
are cracked (ibid. p118) and once defleshed are broken mid-shaft with a blow from a
stone or knife handle. It should be noted that the periosteum is not removed (ibid.
p120). The bones processed are the humerus, radius, femur, tibia and metapodials.
The reason for mid-shaft attack rather than the removal of the articulations, as the
Inuit did, probably relates to the fact that the Hadza do not retain the articulations for
further processing. As such, breaking the mid-shaft of the bone is probably the more

expedient method.



~ Another major African hunting and gathering group is that of the Kalahari Bushmen.
Kent (1993, 336-8) relates the exploitation of marrow by a group of sedentary San
Bushmen. Marrow bones are generally heated, before they are cracked, in the embers
of a fire, but not to the extent that the bone is charred in any way. The articular ends
are chopped off with an axe and the contents sucked out. The bone is usually seated
against a wooden anvil while it is broken. Marrow is sometimes extracted at the
kill/butchery site but bones are frequently transported back to a camp for this
purpose. It is interesting that the bones of relatively small animals such as steenbok

and springbok are transported and processed for their marrow content (ibid.).

Yellen (1991, p19) confirms that the !'Kung Bushmen of the Kalahari exploit the
marrow from the bones of small animals as well as large ones. Quite small ungulates
like steenbok and duiker have most of their marrow bones exploited down to and
including their metapodials. The metapodials, like in the Nunamiut example, are
split longitudinally. Bones are heated in boiling water prior to the consumptior{ of
marrow to make it of a more appetising consistency. The informants claimed that
roasting the bone, however, made the marrow too "thin" (ibid. p13). The marrow
from the mandibles of small animals is apparently not worth exploiting. However,
marrow is exploited from major long bones of animals as small as the porcupine

(ibid. p9).

The Alyawara of central Australia exploit the marrow from kangaroos (O’Connell
and Marshall 1989, p396). They roast the kangaroo in a pit, but prior to putting the

carcass in the roasting pit the tail and rear foot (tarsals, metatarsals and phalanges)
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are cut off. These are put into the pit to roast too, but are dug out early and the bones
are cracked and the marrow sucked or picked out (ibid). The metatarsal of a

kangaroo is a large bone which is likely to have a large marrow cavity.

Although a suitable account of marrow utilisation has not been forthcoming for a
subsistence farming culture, it is clear that pastoralists, with their domesticated stock,
fully exploit marrow as a resource. Brain (1981,15) states that all marrow bones are
broken by the goat-keeping Hottentot pastoralists of the Namib Desert. The method
was to rest the bone against a stone anvil and break it transversely mid-shaft with a

hammer stone.

1.3 The Production and Consumption of Bone Grease

After the marrow has been extracted from a bone, more valuable fat can be extracted
by boiling the bone for bone grease. Once again, it is Binford (1978, p158) who
gives the best account of such an activity. The Nunamiut do not discard the articular
ends of marrow bones, after they have been processed for marrow, but store them up
in buckets in the cold outside their hut doors. The spongy bone in the head of the
bone contains much fat and when sufficient articular ends have been stored up they
will be processed for this resource. They are smashed up into tiny pieces with a
hammer on a flat stone. The fragments are then boiled in an iron kettle. The fat
which floats to the top of the water is solidified by the addition of snow. The
solidified fat is then skimmed off and the process repeated. In the days before iron

kettles, which can be heated directly over a fire, the processing was done in wooden
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buckets and the water was brought to the boil by the addition of pre-heated stones

(ibid. p159).

Bone grease production is very labour intensive and Nunamiut processing sessions
often last one to three days. Binford (ibid.) carried out a time and motion study for
the processing of one batch of bone in a 5 gallon wooden bucket. 60.9 pounds of
heating stones had to be collected, 3 back-loads of firewood were used and the batch
took 2 hours for 2 women for a yield of just 7 ounces of fat. The processing waste of
grease extraction is unmistakable. It leaves a large pile of pulverised bone and heat
cracked stones (ibid.). In times of desperation the Nunamiut resort to processing
shaft fragments for bone grease as well (ibid. p146). In the summer, when articular
ends cannot be preserved for as long, some small-scale grease production is carried

out on fresh material (ibid. p164).

Wilson (1924, quoted in Davis and Fisher 1990, p263) outlines the processing of
bones for grease by the Hidatsa American Indians. They also boil the axial skeleton
for grease but keep this process separate from the extraction of grease from long
bones. The Hidatsa find the grease of long bones of higher quality because it stays a
good consistency. The grease made from backbones and shoulder bones apparently
goes hard. The best grease is called "footbone grease" which backs up the
observation that Binford made regarding the marrow and fat of more distal bones

being considered better.

Leechman (1951, p355; 1954, p7-9), in his studies of the Loucheux people in

northern Yukon, gives a very similar account of bone grease manufacture to

15



Binford's. The bones of caribou and moose were broken on a stone anvil into
fragments “as big as fingernails”. They were fractured with the back of an axe
(before axes were available the informant said that stone hammers were used). The
fragments were boiled in a kettle and the fat extracted in the same /way as in
Binford’s account. The Loucheux people, however, always processed the bones
within two or three days of bufchering the animal. If left longer, its taste apparently
became unpleasantly strong. Once extracted, fat is stored inside a caribou’s stomach
where it is said it will keep for two or three years. The bone grease is used for
making “pemmican” (a mixture of dried meat strips and fat made into cakes) and for
daily cooking. Leechman (ibid.) was told it was used much as we use butter. It is
interesting that the Loucheux people used a similar method for extracting grease from

fish guts (ibid.).

Leechman (1951, p355) also refers to other accounts of bone grease production. The
general method of extraction and use of bone grease seems fairly uniform across the
colder regions of North America. One account quoted says that the fat is kept in
bladders and the bones of two buffaloes will produce about twelve pounds of grease

(ibid.).

The current author has not seen an account of bone grease manufacture for hunter-
gatherers living in a warmer climate. This is probably due to an inability to keep the
fat in stored up bones from going rancid in the heat. It appears that the Loucheux,
above, had something of a problem with storage in the Yukon, though it was unclear

what season of the year was being referred to. The sedentary San, in their very hot
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climate, certainly appear to put bones in their stews so as to make use of some of the

fat that way (Kent 1993). There is no systematic extraction of grease, however.

1.4 Seasonal Need for Fat in the Diet

Speth and Spielmann (1983) outline several ethnographic accounts of the particular
need for sources of fat during the late winter and spring in temperate, subarctic and
arctic environments. Accounts of the Kutchin people in Alaska, the Copper Eskimo
and several accounts of 19™ Century pioneer hunters all suggest that, during the
winter and spring, sources of fat were particularly sought after in preference to
protein (ibid. p4). During this season, prey animals tend to have little fat in their
meat because they, too, are dietarily stressed. Eating too much lean meat without
having other energy sources (i.e. fat or carbohydrate) can lead to “protein poisoning”
(Speth and Spielmann 1983; Speth 1983, chapt. 7; Speth 1991). Hunters’ preference
for “fat” animals is not limited to winter in cold climates, however. Most hunting
peoples of the world tend to choose fatter quarry over lean quarry. This can be seen
in accounts of the Kalahari San, the Miskito of Nicaragua, the Pitjandjara of
Australia, the Cree of Canada and Hidatsa of the North American Plains, for example

(Speth 1983, p146).

The dietary importance of fat is discussed in detail in Chapter 2.
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1.5 Points for Discussion

The above summary of within-bone nutrient exploitation by some different cultural
groups in different resource landscapes raises several important points for discussion
which are relevant to interpreting archaeological bone assemblages where within-

bone nutrients may have been utilised.

1.5.1 Indication of Resource Stress

It is clear that the level to which a people will exploit bones for their internal
nutrients will depend very much upon their individual needs for the supply of fat.
There is a point at which it will seem impractical, to a given people, to exploit bones
further for marrow and grease because it requires too much work, and more resource
could be obtained in some other activity. This crucial point will change depending

upon the resource environment (see Chapter 2.1). -

The study of the Nunamiut (Binford 1978) demonstrates this point well. In very
good‘times, when meat, and therefore the stew, is fatty it is possible that no marrow
is consumed at all. In good times phalanges may be ignored if they seem too much
effort. In bad times it is necessary to process mandibles and in desperate times to
boil shaft fragments for grease. Very often the level of fat obtainable is related to the

condition, not just the availability, of the animals.

People in harsher resource environments may well consider quite low-yield sources
of fat worth exploiting. The !Kung example (Yellen 1991) shows that small animals

are utilised but the extent to which their bones are cracked for marrow declines the



smaller the animal in question. It might be concluded, therefore, that levels of
resource stress might be indicated by the degree of exploitation occurring for within-

bone nutrients in terms of anatomical part and size of animal being exploited.

1.5.2 A Matter of Taste

It is important to note that choices in processing are not simply affected by an aim of
maximum yield but also an aim for quality and desirability. The Nunamiut (Binford
1978) and the Hidatsa (Wilson 1924) both showed preference for the marrow and
grease of distal limbs., for instance. This is probably due to differences in fat

chemistry (see Chapter 2.3).

1.5.3 Snacking and Bone Deposition

Most of the accounts above show that some processing and consumption of bone fats
will occur away from base camps at hunting stands, butchery sites and kill sites
themselves. This means that some marrow exploitation will not be visible in the
bone assemblage at a camp site because it took place elsewhere and the bones were

discarded elsewhere.

Bunn, Bartrum and Kroll (1988) argue that snacking amongst the Hadza is not
always predictable or logical. Hunters will sometimes take the trouble to carry a
bone most of the way back to the base camp and then snack from it very close to the
site and discard it there (ibid. p442). Such a bone has been discarded at no particular
type of site at all and to all intents and purposes is lost to the archaeological record!

Snacking practices are not uniform from hunter to hunter or even from hunting trip to
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hunting trip by the same hunter. In other words, we must allow for a certain random

factor in bone transport and deposition decisions.

1.5.4 Bone Heating

Although some bones in the above accounts are processed entirely fresh, most
marrow extraction occurs after bones have been warmed in some way. In many
accounts this warming is very gentle, just to soften the marrow. Often the maximum
temperature reached is 100°C, since the bones are placed in boiling water. In other
cases, when the bone is in or near a fire, the bones may be subjected to higher
temperatures for a short time. None of the above accounts, however, suggests severe

heating or cooking as such.

Such treatments of bone, before fracture for marrow, may affect the way the bone
breaks (see Chapters 3.1 and 4). This would change the criteria upon which bone

marrow exploitation might be identified in archacological bone assemblages.

1.5.5 Variation in Breakage Method

In the above accounts, several different methods of cracking the bone were outlined.
To what extent do these create different types of break and debris? Some bones are
broken mid-shaft whilst others are broken near the articulation. It is worth paying
particular note to this in archaeological assemblages, since these different practices
may be related to different intentions for future use. For instance, breaking at
articulations appears to be linked to bone grease production whilst mid-shaft cracking

seems more expedient if the bone is then to be discarded.
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1.5.6 Issues Relating to Bone Grease Production

The debris left by the mass production of bone grease should be relatively easy to
identify in the archaeological record. The absence of this practice need not be taken
to mean that the fat was surplus to the requirements of that people. There are at least
two other reasons why bone grease extraction might not occur. Firstly, if the climate
(or season) is too warm to allow for the satisfactory storage of bone in non-rancid
condition then it is unlikely sufficient material could be massed at one time to
warrant large scale production of grease. One must, therefore, assess the past climate
of the site in question. Secondly, grease production requires a certain level of
technology and resource. Boiling of water must be sustained for quite a period of
time requiring much labour and firewood. The more primitive the technology, the
more difficult the process will be and, therefore, may seem less worth doing to the

people in question.

1.6 Conclusion

It is clearly important to take note of the ethnographic variability we have seen in the
accounts above. In interpreting the information relating to within-bone nutrient
extraction on an archaeological site it seems necessary to juggle many possible
variables at once. There will be no general, all-applicable model to work to. Instead,
each site will have to be considered individually in terms of its resource environment,

climate, culture demography and possible seasonality.
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CHAPTER TWO

-

UNDERSTANDING BONE MARROW AND GREASE AS A
RESOURCE

2.1 Optimal Foraging Theory

2.1.1 Introduction

If one is to draw wider economic and social inferences from the study of bone
marrow and grease as a resource, then one must have a suitable theoretical
framework for understanding the relevance of resource use choices within
subsistence economies. Just such a theoretical underpinning is available in the form
of “optimal foraging theory”.  Optimal foraging theory was édopted by
anthropologists from biology. It basically asserts, in the way it is used in
anthropology, that in certain arenas humans will attempt to maximise their net rate of
eneréetic gain. This will involve choices in diet, foraging location, foraging group

size, foraging time and settlement pattern (Bettinger 1991, chapt. 4).

The application of models of optimal behaviour, such as utility indices (see 2.2), to
the archaeological record has frequently been criticised for being overly predictive
and deterministic. Indeed, if optimal models are used purely as a deterministic tool,
this criticism is valid. However, as Higgs and Jarman (1975, p2) noted, and this is
irrefutable, “...ultimately all human culture and society is based upon and only made

possible by biological and economic viability.” Our species must operate within
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economic, biological and, therefore, environmental constraints. It is useful to define
these constraints for any given situation under archaeological or anthropological
study. The lower constraining limit is the minimum of food and warmth a human
requires to live. The upper constraining limit is the optimal model for the given

environment and demography.

In the above sense, optimal models are deterministic, and correctly so. They should
not, however, be constructed to be predictive of human behaviour within the limits of
viability outlined above. One should not necessarily expect to observe optimal
behaviour, but, instead, the optimal model should be seen as a measuring stick
against which behaviour can be evaluated. As Foley (1985, p222) stresses,
“...behaviours should not conform to the template, but...it provides a standard

measurement and comparison against which deviations can be assessed.”

Optimal foraging theory is still quite rarely applied in archaeology and has received
criticism from Binford (1983a, p219). Binford, however, is not consistent in his
arguments against optimal foraging theory. There is certainly a strong argument that
optimal foraging theory is a form of middle-range theory in exactly the way Binford
proposes it (Bettinger 1991, p107)! It can certainly be argued that Binford’s (1978)
modelling of bone transportation by hunters is a form of optimal foraging theory

(ibid.).

Below, two approaches within optimal foraging theory will be considered in detail

and adapted so as to be specifically relevant to the subject in hand; the use of bone
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marrow and grease as a resource. These two approaches are “marginal value

theorem” and “diet breadth” modelling.

2.1.2 Marginal Value Theorem

Marginal value theorem (Charnov 1976; Bettinger 1991) is designed to predict how
long a forager will spend in a given resource patch. Anyone who has experience in
collecting berries from wild hedgerows has a clear understanding of marginal value
theorem. The berry picker has to decide at what point it is worth leaving a given
bush to find another. This time of leaving is rarely when all the berries have been
picked off that bush, but is at a time when one will clearly have greater success by
moving on to another bush. Marginal value theorem dictates that the optimal time to
leave a foraging patch is when the net energetic gain from that patch falls below the
mean net energetic gain for the surrounding envirénment (and this will include the

time it takes to find another patch) (ibid.).

Figure 2.1 shows marginal value theorem in a graphical form. The solid line on this
graph represents the energy acquired in the patch. The rate of energy acquisition
decreases over time as the resource is used up. The optimal time to depart from the
patch is when the rate of energy acquisition falls below that of the surrounding
environment (the dotted line) (i.e. where the environment line forms a tangent with
the patch curve). If the environment is one of meagre resources, the gradient of the
environment line will be shallow and will create a tangent further along the patch
curve than the steep line of a rich environment. Hence, this indicates that it is worth
spending longer in the patch if the surrounding environment is poor. Furthermore,

the point at which the environment line intersects the x-axis, on the left hand side of
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the y-axis, will indicate the acceptable level of travelling time. As stands to reason,
in a resource-poor environment, with a shallow environment line, the acceptable

travelling time will be greater.

Marginal value theorem can be adapted to answer a similar question in relation to the
use of animal resources. Having stalked and killed their prey, hunters of larger
mammals are faced with the task of transporting their quarry back to their camp.
They have to decide whether all the parts of the animal are worth transporting, and, if
not, which ones are of greatest value to them. Such decisions will be affected by the
food value of given skeletal elements. This food value will be in the form of meat,
bone marrow and grease. If the use of bone marrow and grease as resources are to be
studied, it is important to understand the decisions made by hunters regarding which
elements are transported to the camp and which are then processed for marrow.
Marginal value theorem can be used to model hunters’ transport choices in terms of
food energy acquired. Having produced an optimal model, one can discuss other
possible influences of transport decisions such as hunters’ personal tastes, craft uses
of animal products, hunters’ immediate needs (i.e. snacking at the kill site), hunting

group size and settlement patterns.

Figure 2.2 shows an adaptation of the graphical solution of marginal value theorem
for use in understanding hunters’ bone transportation choices. “Time” now
represents the time spent on disarticulating elements and transporting them from the
kill site, with the in-built assumption that the elements will be removed in rank order
according to their energetic food value. Therefore, if the mean energetic intake for

the environment (i.e. the mean return from hunting, butchering and transporting a
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kill) is low (i.e. huntable animals are scarce) then it will be worth spending longer
processing and transporting a particular kill. Hence, more glements of lower food

- value will be transported (and vice-versa).

There is a further consideration regarding animal element transport, however, which
is total need. In considering the foraging of plant foods an infinite need is assumed.
This works quite acceptably for plant foods. Large animals, however, provide a very
large amount of food in one go. A level of total need might be reached which affects
the transport pattern. If the total calorific requirement of a hunting party is higher
than the optimal cut-off point dictated by the environment line (as in the case of total
need A in fig. 2.2) then the model is unchanged. However, if the hunters have more
limited needs (such as in total need B), at a level below optimal cut-off point (A),
then the new optimal cut-off will be at the point where the hunters’ need is fulfilled.
This is the point where the energy from the kill-site curve intersects the horizontal

line of total need (B) (cut-off B, fig. 2.2).

" It is worth noting a, perhaps much rarer, limit which might affect element transport
decisions. Occasionally there will be a time limit which might create a cut-off point
prior to that suggested by marginal value theorem. Binford (1978, chapt. 2) gives an
example where the pattern of element transport from a Nunamiut hunting stand,
Anavik, was affected by the breaking up of ice flows. There was insufficient time for
the hunters to carry out their normal and intended butchery and transport ‘practices.

They were unable to tranport all the elements they would have liked to.
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2.1.3 Diet Breadth

In modelling diet breadth, one is concerned with finding the optimum number of
different types of food items, that should be present in a diet, to maximize energy
returns (Bettinger 1991, p84; MacArthur and Pianka 1966, p603). A forager is
confronted with a vast array of potential dietary items. These different items will
have different abundances, different food values and require different levels of
processing. A foraging community is faced with deciding just how many dietary

items are worth exploiting.

An optimal solution (in terms of energetic gain) to this problem is presented in figure
2.3. Here dietary items are arranged along the x-axis in decreasing order of food
value of the item. Food value, in this case, is energy yield divided by processing
time. Something which is both easy to process and of high calorific value will rank
highly (such as a large soft fruit, rich in sugar). An item with little calorific yield
which is hard to process (such as a particularly hard shelled small nut) will rank well
down the list. The advantage of having a large number of different items in one’s
diet is that it will take less time to find items to eat, since one has a higher probability
of encountering a food item on a foraging trip. This is represented by the “search
time” line in figure 2.3. However, as the number of items is increased, more items
which require a lot of processing will be included. The result is shown in the
“handling time” line, which goes up as die.t breadth increases. The optimal diet
breadth is represented by the best compromise between search time and- handling
time. This is shown in the “overall foraging time” line, which combines the two
factors. The optimal diet breadth is where there is the smallest amount of time

expended to acquire a unit of energy.
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This model provides one with the optimal diet breadth for the environment.
Therefore, deviations from the optimum are likely to be indicative of some social or
cultural decision or necessity. Deviations may be particularly indicative of

demographic pressures on the environment,

This model is very easily adapted to consider decisions related to the utilisation of
bone marrow and grease. Figure 2.4 shows this adaptation. Animal marrow sources
are now put in order along the x-axis. The largest, easiest to process marrow bones
will rank highest followed by less productive ones. Bone grease production will rank
lower since it requires much processing and the desperate boiling of bone shaft
fragments for grease would probably rank last. Otherwise, the model works in

exactly the same way.

2.1.4 Conclusion

It can be seen that optimal foraging theory can be very useful in understanding
hunters’ and food processors’ decisions. Before one can consider processing of
bones for their fat content on archaeological sites, it is clearly essential to understand
the decisions that dictate which skeletal elements reach that site. In the application of
marginal value theorem to this question, the total food value of each item must be
considered (protein and fat). Once bones have reached a processing site, diet breadth
modelling can be useful in understanding which bones are processed- for bone
marrow and grease. Unexpected levels of bone transport and bone processing, within
a given environmental setting, have great potential to tell us much about cultural or

demographic situations. If humans are not behaving according to an environmental
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and biological optimum (and humans frequently do not) it is important to ask why.
Such enquiry may reveal interesting social dynamics or hidden economic pressures

which would not have otherwise come to light.

It is rarely possible, particularly when dealing with the archaeological record, to have
all the data needed to get full use out of optimal foraging theory. It is often possible
to make more relative statements using optimal foraging. theory as an underpinning,
however. It is with this theoretical underpinning that many of the conclusions in later

chapters will be made.
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Figure 2.3 - A visual representation of a Diet Breadth Model (after MacArthur
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2.2 The Construction of Bone Marrow and Grease Indices

2.2.1 Introducing Utility Indices

In order to study hunters’ transport and processing choices or to apply optimal
foraging theory it is essential to have a clear understanding of animals’ anatomy in
economic terms. Many issues relating to past choices in subsistence economics are
lost to us. Matters such as taste in foodstuffs can only be speculated upon.
Environments can, to a certain extent, be reconstructed with great effort and some
uncertainty. The amount of food value available on different elements of different
animals can, however, be ascertained from studying living animals. Such data,
derived from uniformitarian principles, are invaluable in giving us something

tangible in the past around which theories can be hung.

Lewis Binford (1978), during his study of the Nunamiut Inuit, was one of the first
anthropologically minded archaeologists to attempt to create detailed indices of the
relative food values of animal parts. He created indices for the value of meat (MUI:
Meat Utility Index), marrow (MI: Marrow Index) and grease (WGI: White Grease
Index) for the different elements of sheep and caribou. He combined these together
to create a general utility index (GUI) (ibid.). Many more indices have now been
created by other zooarchaeologists for other species of animal, although there is still
much scope for more work in this field. Below is a summary of the most important

work on indices of bone marrow and grease.
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2.2.2. Marrow Indices

During the construction of his marrow index, Binford (1978, chapt 2) took several
factors into account. He was of the opinion that the Nunamiut informants had a
preference for marrow with a lower melting point. Such marrow tends to be found in
the distal limbs (ibid. p23). He had a chemical assay carried out to assess marrow
quality. The melting point is dictated by the proportion of the low melting point fatty
acid, oleic acid (see chapter 2.4). In general, more oleic acid is to be found in the
hind limb than the fore limb and the amount increases the further down each leg one

goes (ibid. p24)(see fig. 2.5).

Next Binford measured the size of marrow cavities. In sheep the femur had the
largest volume followed by tibia, humerus, radius, metatarsal, metacarpal, mandible
and finally phalanges. In caribou the hind limb was even more dominant in marrow
cavity volume, with tibia having the largest cavity followed by the femur, metatarsal,
humerus, metacarpal, mandible and phalanges. He next calculated the efficiency of
the extraction of marrow by dividing the cavity volume value by the timé it took an
informant to extract the marrow (ibid.). This has little effect on the rank order of the

elements. This efficiency measure can be seen in figure 2.6.

To complete the index Binford applied some mathematical modifications to the
efficiency and the oleic acid assay (discussed below) and multiplied the two together

(ibid. p26):
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Marrow Index = V(VoVET) x 100(0AA)
where VoL = Cavity Volume, ET = Extraction Time, OAA = Oleic Acid Assay.
Binford went on to test his index and found he had a good statistical correlation
between his index and the actual choices made by the Nunamiut for marrow

processing (ibid. p31).

Jones and Metcalfe (1988) carried out a re-examination of the index and its
correlation to Nunamiut marrow bone choices. They criticized the involved and
complicated nature of Binford’s index: "...due to the complexity of the formula we
are still not certain precisely what the marrow index, as designed by Binford,
measures" (ibid. p417). This sentiment is echoed by Outram (in press, a) who
examines the precise effect of Binford's mathematical functions. These.criticisms
will be expounded here. Binford squared the oleic acid assay before dividing it by
100 in order to have "..the effect of compressing or lowering the scale of
variability..." and depress the relative values of parts with low levels of oleic acid
(Binford 1978, p25). He then took the square root of the efficiency which, once

again, if indirectly, favours bones with high oleic acid content (ibid. p26).

Outram (ibid.) criticizes Binford for applying discretionary modifiers which lead one
to the belief that his index represents, rather than a combination of measured
observable variables, simply Binford's own opinion on marrow value! _The true
effect of his mathematical modifications can be seen if his index is compared to one
with the functions removed (i.e. (VOL/ET) X OAA) as calculated by the present

author from Binford's data (see figs. 2.7 and 2.8). We see a significant bias towards
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the distal limbs that contain high proportions of oleic acid but, as can be seen from

the efficiency graph (ﬁg. 2.6) yield very little marrow.

Jones and Metcalfe (1988) found that simpler indices were much better. They were
able to obtain a stronger correlation with Nunamiut bone choice with an index of
marrow cavity volume alone (ibid. p418). Volume multiplied by oleic acid assay
produced a good correlation, but not as strong as just volume alone, whilst the oleic
acid assay itself produced a mildly negative relationship (ibid. p419). This seems to
indicate that Binford may have been seriously overestimating the importance of
marrow quality over sheer quantity. Jones and Metcalfe (1988, p421) go on to
calculate the marrow value of elements in terms of the numbers of calories that can
be extracted in an hour’s work (see fig. 2.9). They observe that under normal
circumstances the Nunamiut avoid elements that provide below 500 kcal/hr. They
also suggest. (ibid. p419) that when applying marrow indices to archaeological
assemblages that they should not be standardized first (as most of the data for figures
in this text are for comparative purposes) but left as raw data. This way allowance is

automatically made for different size of animals and their absélute marrow Yyields.

Blumenschine and Madrigal (1993) carried out a detailed study of bone marrow
yields from many examples of different East African ungulate species in order to
assess variability. They demonstrated that an animal’s size was not the only factor
affecting marrow yields. Figure. 2.10 shows some of the mean total marrow yields of
different species plotted against body mass. It can be seen that there is not a simple
linear relationship between size of animal and marrow yield in all species. Several of

the species, which are closely related, do show a relationship between size and
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marrow yield but others do not. Warthog and wildebeest do not lie on the "best fit"
line of the graph and zebra is extremely anomalous (ibid. p562). The marrow
cavities of some species are differently structured and there seems to be a particular

difference between artiodactyls and perrisodactyls.

With regard to different elements, Blumenschine and Madrigal (1993, p562) find that
"..little interspecific uniformity in the skeletal distribution of marrow wet weights is
apparent in either small or medium-sized ungulates." It can be seen that the relative
distribution of marrow in limb bones varies considerably from species to species (fig.
2.11) and the rank order of different elements (indicated above the chart bars in fig.
2.11) actually changes and not just the degree of separation of elements within a set
rank order. These differences in marrow distribution are attributed to locomotor

differences (ibid. p570).

The skeletal distribution of marrow is also different in neonatal animals or very
young juveniles where more fat tends to be deposited in the distal limbs (ibid. p568).
Stress can also affect the distribution of marrow (see below, 2.2.4). The message
from Blumenschine and Madrigal's study is clear. Few generalizations can be made
about marrow utility from the study of just a few animals because variability is too
great. If marrow utility indices are to be used in any detailed analysis then the correct
index for the species of animal in question should be employed. If such an index is
not available then care must be taken that interpretations are based only upon that

which can be upheld generally.
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2.2.3 Grease Utility Indices

Binford (1978, p33) also created an index for evaluating elemsnts in terms of bone
grease utility. He went about the creation of this index in a very similar fashion to
his marrow index. For the bone grease index he considers almost all elements of the
body, not just marrow bones, since all bones can be boiled to extract fat. In the
construction of the index he treats bone volumes as accurately reflecting the quantity
of grease extractable from the bone (see fig. 2.12 for standardized caribou element
volumes). He treats density (bone volume/mass) as representing the level of
difficulty each element would present in terms of processing time. Once again, oleic
acid assays are incorporated in the index since Binford (ibid. p32) notes that grease,
like marrow, is favoured if it contains more oleic fatty acid. The formula for his

index, with added mathematical modifiers, is as follows:

GREASE INDEX = (0OAA?/100p) X (VOL/100)

where OAA = Oleic Acid Assay, D = Bone Density, VOL = Bone Volume.

This index can be criticized in very much the same way as Binford's marrow index.
If one compares the volume graph (fig. 2.12) with Binford's grease index (fig. 2.13)
one can see that his index is severely biased against the axial skeleton. This is due to
the heavy weighting of the oleic acid assay and to the mathematical modifications he
makes. The effect of these modifications can be seen if his index is compared to one
with the modifiers removed: (OAA/p) X VoL. This is displayed graphically in figure
2.13 where it is plain that the applied mathematical functions depress the values of

axial elements whilst having a positive effect on the distal appendicular skeleton.
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In order to test his index Binford splits the elements into two groups; those that are
used by the Nunamiut to make "white grease” (the appendicular) and those that make
"yellow grease" (the axial) (ibid. p34). He then tests the index for white grease
production. He does not test the yellow grease index. This is unfortunate because
we are left unable to ascertain whether his assumptions about grease quality and the
axial skeleton were correct. Just because the informants preferred white grease does

not immediately suggest that they do not produce yellow grease in quantity and
consume it. A person may prefer chicken breast but that does not suggest that they

will not eat the leg!

He compares the white grease index against the percentage of given elements
selected for processing by the Nunamiut on two separate occasions (one in June and
one in April) (ibid. p36). He finds a positive correlation but with some outlyers.
These are the carpals and phalanges which the Nunamiut clearly did not think worth
processing at all (ibid.). He eliminates these from the equation and then is able to
produce a coefficient of correlation of 0.95 for June and 0.91 for April (ibid.). These
are very strong relationships but is it justifiable to remove part of the data set to

improve one’s results!

It is not clear how Binford calculated his coefficients or which coefficient of
correlation he employed, but the present writer was unable to match the high
correlation when a product-moment coefficient of correlation (PMCC) and a
Spearman's coefficient were calculated for the same comparison (for the June data
set). The PMCC was 0.78 and Spearman’s was 0.75. These are positive and

significant correlations but not as impressive as the ones quoted by Binford. If the
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full data set is employed (for June), including the carpals and phalanges PMCC drops
to 0.75 and Spearman's to 0.66. In view of Jones and Metcalfe’s (1988) findings it
seems of value to compare raw volume data with the June selection data. For the full
data set PMCC was 0.79 and Spearman’s was 0.73 which are values marginally more
positive than Binford's index. For the data set excluding carpals and phalanges
Binford's index produces marginally better results than raw volume data (volume
produced a PMCC of 0.75 and a Spearman’s of 0.69). It certainly seems that, as with
the marrow index, using a simple but relevant raw data set (volume) was of as much,
if not greater, use as a predicator of behaviour than was Binford’s highly complex
index. A Spearman's coefficient (on the full data set) comparing Binford's grease
value data (oleic acid assay) with elements selected for processing produces a weak,
but probably significant, negative correlation of -0.47. Again, this is similar to the
findings of Jones and Metcalfe (1988) for marrow. The same test appiied using the

density data compared to selections produced no significant correlation (-0.19).

Brink (1997) carried out a comprehensive study of the fat content of bison leg bones.
For this study fat was chemically extracted from the bones. Weight and percentage
of fat were calculated for each end of each long bone. The rank order of elements, in
terms of fat yield, was, in descending order, proximal humerus, distal femur,
proximal tibia, proximal radius/ulna, proximal femur, distal humerus, distal
radius/ulna, distal metatarsal, distal metacarpal, distal tibia, proximal metatarsal and
proximal metacarpal (Brink 1997, table 3). It was also found that bone grease weight
was accurately predicted by dry bone weight, bone volume and denisty (ibid. p259).
Brink is also very critical of Binford’s grease index and stresses that it is over-

complex (ibid. 266).
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All in all, the criticisms of Binford's marrow index can be echoed for his grease

index. It just goes to underline the difficulties involved in index construction and the

care that should be taken in their construction and testing.

2.2.4 Effects of Stress and Season on the Use of Within-Bone Nutrient Indices

Nutritional stress in animals causes them to mobilize their fat reserves. One of the
body’s best fat reserves is bone marrow. The depletion of fat in the body follows a
fairly set sequence. In the limb bones, the sequence is to mobilize fat from the
proximal limbs first. This effect is well documented in many zoological papers
(Cheatum 1949, Brookes et al 1977, Davis et al 1987, Peterson ef al 1982 to mention
but a few) and it is used by wildlife managers to help judge an animal's well-being.

The effect is fairly universal but is seen more acutely in some species than others:

"Fat mobilization was first evident in the limbs of moose in the femur
and humerus, then the tibia and metatarsus, and finally the radius and
metacarpus. Differences among bones caused by progressive fat
mobilization were not as great in moose as in some African ungulates
(Brookes et al 1977) and white tailed deer (Cheatum 1949). Those
studies indicated that femur marrow could be fat-depleted and the
animal dead from malnutrition with distal bones still containing
considerable fat."

(Peterson, Allen and Dietz 1982, p550)
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This effect was noticed’ in practice during Blumenschine and Madrigal's marrow yield
study (1993, p568). Two examples of the effect, taken from their study, can be seen
in figures 2.14 and 2.15. Figure 2.14 contrasts a healthy adult Grant's gazelle with a
stressed juvenile, whilst figure 2.15 contrasts a relatively healthy adult wildebeest
with a stressed adult wildebeest. The marrow yields are expressed by Blumenschine
and Madrigal (ibid.) in terms of the energy value of the marrow extracted. They note
that unstressed subadults can produce better marrow yields than stresged adults (ibid.
p569). They also note that some extremely stressed animals have apparently similar
skeletal distribution of marrow fat to unstressed animals but this is because there is

little fat anywhere in the body at all (ibid. p570).

Clearly it is of some importance to the application of marrow and grease indices to be
aware of the effects of stress. Malnutrition in an animal population in many regions
will obviously be closely related to the season of the year. In cold climates stress is
usually seen in the winter and sprfng months and in hot areas in the dry season. This
adds a distinct seasonal dimension to the interpretation of marrow use in

archaeological assemblages.

Speth (1987) points out the important effects seasonality and nutritional stress in
animals has on human populations. He argues, with the support of ethnographic
data, that when animals are stressed, and only carry lean meat, care has to be taken to
keep enough fat and/or carbohydrate in the diet. An over heavy reliance on lean meat
can lead to protein poisoning (ibid.). The acquisition of fat in times of lean meat
supply is therefore an important activity. The marrow cavities contain the best

supply of fat once meat has become lean. Marrow exploitation may be of greater
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importance in times of stress, therefore, unless fat has been stored up from processing
in an earlier season or body fat reserves alleviate the problem as Bunn and Ezzo

-

(1993) have argued.
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Figure 2.5 - A graph to show the relative Oleic Acid content of marrow in
different elements of sheep and caribou (values derived from Binford 1978,
table 1.6)
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Figure 2.6 - A graph to show the relative efficiency of marrow extraction from
different elements of sheep and caribou (values derived from Binford 1978,
tables 1.7 and 1.8)
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Figure 2.10 - A graph to compare the total mass of different animal species
with their total yield of extractable marrow, in terms of wet weight (values
from Blumenschine and Madrigal 1993, table 1)
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Figure 2.14 - A graph to compare the relative calorific yields from the limb
bones of stressed and unstressed Grant’s gazelle (values derived from
Blumenschine and Madrigal 1993, table 5)
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Figure 2.15 - A graph to compare relative calorific yields from the limb bones
of stressed and unstressed wildebeest (values derived from Blumenschine
and Madrigal 1993, table 5)
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2.3 Application of Indices to the Archaeological Record

2.3.1 In consideration of Element Transport

‘Binford (1978, chapt 2), having constructed his utility indices for caribou, developed
a methodology for comparing actual frequencies of bones on archaeological sites
with the index. His method was simply to plot a scattergraph of elements’ frequency
against the utility index values for the elements. A best fit line is then drawn on the

graph and it is interpreted according to a series of models.

Figure 2.16 shows the models for the bone assemblage of a camp site (i.e. the
elements the hunters chose to transport home from the kill site). If the hunters had
decided to transport elements purely according to their utility then the scattergraph
would create a straight line emanating from the origin. Metcalfe and Jones (1988)
refer to this as being an “unbiased” strategy but this is a little misleading as the
strategy is not random, it is biased towards utility. Here it will be referred to as the
“utility model” (see fig. 2.16). The “bulk” model (Binford, ibid.) refers to a model
where more elements have been transported than their absolute utility suggests. The
hunters in such a situation are aiming to gain as much as possible from a kill (in
terms of marginal value theorem, the environment intake line is shallow and the cut-
off is therefore late, see chapt. 2.1.2). Only the lowest value elements will be poorly
represented on the campsite (see fig. 2.16). The opposite model to this is the
“gourmet model” (ibid.) where the hunter has decided to bring only the best elements
back to the camp (in marginal value theorem the environment intake is very steep and

cut-off therefore early, or the groups total need has been reached, see chapt 2.1.2)

(see fig 2.16).
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Figure 2.17 shows the same models as designed for application to a kill site. The
models are simply inverted. The “inverse bulk model” shows what would be left at a
kill site if a bulk model had been practised. There would be only elements. of very
low utility (see fig. 2.17). The “inverse gourmet model” shows what would be left at
a kill site if a gourmet model had been practised. There would be most elements

present, with only those of highest utility missing (see fig. 2.17).

This method of addressing levels of element transport is now the standard
methodology used by zooarchaeologists. However, Outram (in press, b) levels
several criticisms at this methodology and suggests that a new method might be
employed. It is often difficult to see exactly where a best fit line should go on such a
scattergraph and it is very easy to allow one’s eyes to be drawn to see a curve that is
not there. Metcalfe and Jones (1988, p491) try to escape this problem by attempting
ste;tistical correlations. In order to carry out a linear correlation, they take a
reciprocal of the element frequency data on the basis that “this transformation tends
to straighten hyperbolic curves.” The problem with this is that there is no particular

reason why the curve should be hyperbolic.

Another problem with the scattergraph method is that it is difficult to tell what the
relationship between particular element abundances and their utility is (Outram ibid.).
By far the greatest drawback of the current method is that there is no particular
indication of where the hunters’ perceived cut-off point was, with regard to

transportation (ibid.).
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The new method Outram (ibid.) suggests is that a graph should be constructed which
shows the difference between abundance of elements and theii utility. This method
has many complexities and is only outlined here. A histogram should be constructed
where the elements are arranged in decreasing order of utility along the x-axis. The
y-axis should represent the difference between standardised element abundance
(%MAU) and the food utility index ((S)FUI, after Metcalfe and Jones 1988) (i.e.

%MAU-(S)FUI).

Figure 2.18 represents the utility, gourmet and bulk models at a camp site using this
method (N.B. the curves in these diagrams indicate the shape that would be created
by the ends of the histogram bars). In a utility model, there will be no difference
between abundance and utility. In a gourmet model elements will be under-
represented at the camp site. They will be over-represented in a bulk model. The
apex of the curve created by the ends of the histogram bars will represent the cut-off
point in the transport strategy (see fig. 2.18). If a kill site is being considered the FUI
values need to be inverted (ibid.) and the x-axis organised in increasing order of
inverse (S)FUI. The y-axis will now be calculated thus: %MAU-Inv(S)FUI. This

graph needs to be compared against another set of similar model diagrams.

The principal advantage of this method is that the hunters’ perceived optimal cut-off
point is shown. This makes for easier application of optimal foraging theory.
Furthermore, the relationship between individual elements’ abundance and utility can
be clearly seen from the individual histogram bars. Anomalies in the pattern also

show up clearly (ibid.).

51



2.3.2 Diet Breadth

-

The application of bone marrow and grease utility indices to a consideration of diet
breadth and processing choices is straight forward. The indices will form the basis
for the ranking of the elements in the diet breadth model (see chapt. 2.1.3). It is, of
course, also necessary to consider the necessary processing time for each element.
Binford (1978) did make some consideration of extraction efficiencies. It is clear
that the extraction of marrow is a far more energy efficient activity than grease
extraction, from ethnographic accounts (see chapt. 1), and this needs to be taken into

consideration in any diet breadth ranking.
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Figure 2.16 - Models, showing the relationship between element abundance
and element utility, for three different transport strategies, as represented at
a transport destination (camp site)(after Binford 1978, fig. 2.18)
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Figure 2.17 - Models, showing the relationship between element abundance
and element utility, for three different transport strategies, as represented at
a transport source (kill site)(after Binford 1978, fig. 2.18)
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2.4 The Chemistry and Nutritional Value of Animal Fats

2.4.1 Lipid Chemistry
The bulk of bone marrow and grease consists of lipids. Lipids can be split into two
basic classes on the basis of melting point. Fats are lipids that are solid at room

temperature whilst oils are liquid at room temperature (Nawar 1985, Erasmus 1986).

In chemical terms, lipids are quite a wide range of substances that usually have poor
solubility in water but greater solubility in organic solvents (Nawar 1985, Mead et al
1986). They are also defined as being "...actually or potentially compounds of fatty
acids" (Mead et al 1986, p5). In living things the vast majority (c. 99%) of lipids are

esters created by a reaction between glycerol and fatty acids (Nawar 1985, 140).

Esters are created when alcohols react with organic acids. In this instance the alcohol
is glycerol and the organic acids are fatty acids, which have long carbon chains.
Glycerol, which has three alcohol (OH) groups can be seen structurally displayed in
figure 2.19. Fatty acids, which are characterized as having a carbon chain ending in a
double bonded (terminal) oxygen atom and an OH group (together, known as a
carboxyl group), come in two basic forms: saturated and unsaturated. In saturated
fatty acids the carbon chain consists only of single bonded carbon atoms; all other
bonds being to hydrogen atoms. The chain is saturated with hydrogen. An example
of a saturated fatty acid is stearic acid, common in animal fats, which has a carbon
chain of 18 atoms (see fig. 2.20). Linoleic acid, also found in animal fats, has 18
carbon atoms as well, but two pairs of these are double bonded to each other (see fig.

2.21). The carbon chain is, therefore, not saturated with hydrogen. More hydrogen
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could be added at the expense of the double bonds (hydrogenation). Unsaturated
fatty acids are monounsaturated if they have only one double bond or polyunsaturated

if, like linoleic acid, they have more than one.

The carboxyl group of the fatty acid reacts with the alcohol group of glycerol to
create the ester, resulting in the exclusion of a water molecule in the process. An
example of a glyceryl ester can be seen in figure 2.22. This is a triglyceride, as all the
alcohol groups have reacted, but sometimes only two react (diglycerides) or only one

(monoglycerides).

2.4.2 The Composition of Bone Marrow and Grease

Triglycerides make up around 95% of all fats we eat (Erasmus 1986, p45) and the
fats in bone marrow are also dominated by these. In a study of the composition of
marrow fat from femurs and bone grease from ribs of several domestic animals (Abd-
El-Aal & Mohamed, 1989), it was shown that triglycerides acc<')unted for between
68.5% and 97.3% of bone fats. The bone fats of ribs tended to contain fewer
triglycerides than femur marrow. In cows, rib fats contained 68.5% triglycerides
whilst the femur marrow was 95.5%. These proportions were, respectively, 89.9%
and 97.3% in goats, 90.0% and 96.6% in sheep and 71.4% and 93.1% in pigs. The
rest of the lipid content was made up, in various proportions, by diglycerides,

cholesterol, free fatty acids and polar lipids (ibid.).

The characteristics of a glyceryl ester are determined by which fatty acids reacted to

create them. In animal fats the fatty acids usually have a chain length of 16 or 18
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carbon atoms (Nawar 1985, p147). In the above analysis of femur marrow (Abd-El-
Aal & Mohamed 1989), it was found that, in cattle, pigs, shfep and goats, oleic,
palmitic and stearic acids were dominant. Stearic acid has a saturated chain of 18
carbon atoms (denoted by the notation 18:0, the 0 representing the number of double
bonds in the chain). Palmitic acid has a saturated, 16 long carbon chain (16:0). Oleic
acid is a monounsaturate (18:1). Linoleic acid (18:2), a polyunsaturate, myristic acid
(14:0) and acids denoted by 14:1 and 16:1 are present in small quantities. This
composition can be seen in graphic form in figure 2.23. Rib fat, in general, had a
similar composition but slightly larger proportions of saturated acids (ibid.) (see fig.

2.24).

. Binford (1978, p24), as mentioned above (chapt. 2.2.2), shows that the fatty acid
composition of bone marrow changes for different bones down the leg. The
percentage of oleic acid (18:1) increases from 40% in the proximal humerus to 79%
in the second phalanges, on the front leg, and from 44% in the proximal femur to
77% in the second phalanges, on the rear leg of a six month old sheep. Very similar
results were obtained from a mature caribou (ibid.) (see fig. 2.5). This is a common
feature in most mammals (West and Shaw 1975; Turner 1979). The difference in
appearance and consistency. of marrow as a result of this can be seen in figures 2.25
and 2.26, which show cattle femur marrow and metatarsal marrow respectively.
From viewing these pictures it is clear that the consistency varies considerably and
this could easily affect the way marrow from different parts of the body is perceived

and utilised.
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One of the clearest physical characteristics of lipids to be altered by fatty acid
composition is the melting point. As a rule of thumb, the longer the chain length of
constituent fatty acids the higher the melting point will be (Erasmus 1986, 20; Mead
et al 1986) and the more unsaturated the fatty acids, the lower it will be (Erasmus
1986, 30). Therefore, for instance, the marrow fat of lower limbs, containing a
greater proportion of unsaturates, will have a lower melting point than the upper

limb's marrow.

It has been suggested that the higher proportion of unsaturated fat in distal limbs is a
useful adaptation to cold climates because the low melting point unsaturated fats will
remain mobile even though they are in cold extremities of the body (West and Shaw
1975, p599; Turner 1979, p599). This may just be fortuitous, however, since many
tropical animals display a similar pattern (Turner ibid.). Some mammals, though,
have adapted their fat chemistry to the environment. The desert bighorn sheep lives
in an extreme climate where it is very cold in winter but approaches 38°C in summer.
It has a normal fatty acid distribution in winter, with more unsaturated fat in the
lower limbs, but in summer the saturation level in the distal limbs vastly increases.
This is likely to act as an insulator to prevent the heat conducting from the ground

and raising the animal’s temperature (Turner ibid.).

The possible combinations of fatty acids in glycerides are very numerous and so
marrow is made up from a mixture of fats and oils with very variable melting points.
Some potential combinations have melting points below the freezing point of water.

Perhaps the highest likely melting point would be that of the triglyceride of stearic

acid (glycerol trioctadecanoate) at 73.5°C. Certainly, bone marrow and grease will
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be totally molten before the temperature of boiling water. Most likely combinations

have melting points between 20°C and 70°C (data from Buckingham (ed.) 1982).

In some cases, the diet of an animal can affect the fatty-acid composition of its lipids.
For instance Hilditch and Williams (1964 table 41) present data from a study of pig
depot fats of pigs under different dietary regimes. Animals fed on a diet of brewers’
rice, tankage and grass or a diet of maize, skimmed milk and grass had a fair
proportion of monounsaturates but little polyunstaturate. However, pigs fed
exclusively on ground nuts or soya beans had high proportions of polyunstaurated
linoleic acid in their fat. Ruminant animals (sheep, cattle etc.) tend to always have a
very high proportion of saturated fats, irrespective of their diet. This is because the
bacteria in their rumen hydrogenates most unsaturates present, hence, saturating them

(Hilditch and Williams 1964, p112; Mead et al 1986, p76).

2.4.3 The Nutritional Value of Fats

Fats, above all else, are a provider of energy, giving approximately 9kcal/g. This is
more than double the energy that can be gained from eating protein or carbohydrates,
which both yield around 4kcal/g (Erasmus 1986, p185; Mead et al 1986, p459). Fats
also help to supply several fat soluble vitamins. These are vitamins A, D, E and K
(Mead et al 1986, p459). There are also two fatty acids which are essential to the
proper functioning of the body. These are linoleic acid (18:2) and linolenic acid
(18:3) which are both polyunsaturates (Erasmus 1986, Mead et al 1986). Fats also
help to make food more palatable and provide the consumer with a feeling of satiety

(Mead et al 1986, p459).
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On the downside, long chain, saturated fatty acids, contained in animal fats, are
thrombogenic and lead to coronary heart disease (ibid. p468). This is caused because
of a tendency for these fatty acids to aggregate together and form deposits in organs

and arteries (Erasmus 1986, p21). The essential fatty acids, however, help to combat

this action (Mead et al 1986, p468).

A further problem with high concentrations of saturated and monounsaturated fatty
acids is that they compete with the essential acids for the enzymes that metabolise
them (Erasmus 1986, p215). Hence, if a fat has a low proportion of essential acids
the value of those that do exist is reduced still further by competition with other acids

for enzymes.

Referring back to figures 2.23 and 2.24, it can be seen that the fats in bone marrow
and grease in most domestic animals are dominated by monounsaturates (oleic acid)
and saturates (stearic and palmitic acids), with only small amounts of essential fatty
acids being present. Of the animals shown, the pig is the only one with significant

quantities of linoleic acid and is, therefore, the healthiest fat of those represented.

Figure 2.27 shows the results of analysis of fats from pasture fed cattle, pasture fed
horse and chicken. In this graph the composition is displayed in nutritional terms. It
can be clearly seen that whilst cattle have a very poor level of essential acids, horses
have plenty. Cow fat is so essential acid impoverished that the net effect of
consuming this fat, taking enzyme competition into account, is worse than having

gained no essential acids at all from that source. There are sufficient saturates and
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monounsaturates to inhibit essential acid metabolism from other food sources. Beef
fat could be ~thought of as "...an essential fatty acid robber" (Efasmus 1986, p215).
Horse fat, on the other hand, is relatively rich in both linoleic acid (5%) and linolenic
acid (17%) (Mead et al 1986, p75). The horse gains its high proportion of linolenic
acid from grass, which itself has a linolenic acid representation of 46% (ibid. p71).
Ruminant animals do not receive the same benefit from this source because, as
mentioned above, rumen bacteria hydrogenate this acid (ibid. p76), saturating it. It is
interesting to note that the fat from horses is apparently as healthy as that from

chicken (see fig. 2.27).

It is also of particular interest to note that modern domestic animals have a different -
fatty acid composition from their wild counterparts. In both pigs and cattle, wild
specimens have far more essential acids (and their useful derivatives) and also
slightly less saturated fatty acids (Erasmus 1986, p214). This stark contrast can be
seen in graphic form in figure 2.28 (NB. Erasmus ibid. does not give the source of his
data and the author has been unable to find similar studies to confirm or contradict
it). It would be interesting to know what this effect is due to. It would also be useful
to know the composition of fats from a wider range of wild food species, but this

author has yet to encounter such data.

2.4.4 The Relative Value of Bone Marrow and Grease to Other Fat Sources

The marrow cavity of bones is one of the major stores of fat in an animal’s body and
a very obvious fat source to anyone who requires it. The level to which a person is
likely to require extra dietary fat is bound to be linked to the amount of fat already

consumed within meat that has been eaten. Indeed Inuit marrow consumption has
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been witnessed to be related to how fatty the meat stew being eaten already is

(Binford 1978).

It is, therefore, important to note that modern domestic stock have a much higher
proportion of fat in their meat than wild animals. Beef is usually between 24% and
45% fat, mutton between 20% and 40% and pork between 35% and 60%. On the
other hand, wild moose and venison meat is usually about 2% to 3% fat. Wild
reindeer meat is only 3% fat whilst domesticated reindeer has nearly 20% fat in its
meat. Even rabbit meat increased from 5% fat to 8% fat when it became

domesticated (Erasmus 1986, p213).

A conclusion that might be drawn from this is that bone marrow and bone grease
may have been of considerably greater importance to those hunting wild animals,

since the meat of such animals is relatively fat impoverished.

As noted earlier (chapt. 2.2.2) within-bone nutrients are also likely to be of greater
importance when animals are themselves nutritionally stressed. The marrow cavities
are one of the last fat deposits to be mobilised when an animal is stressed and distal
limb bones, in particular, can still contain much fat even when the animal is

excessively fat depleted (Peterson, Allen & Dietz 1982, p550).

2.4.5 Discussion
It is clear, from the above, that absolute quantities of fat are not the only
consideration when studying animal fat exploitation. Differences in fat chemistry in

different parts of an animal’s body or in different species may lead to different
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patterns of exploitation. Fats with different consistencies, appearances and melting
points may be put to different uses. It is also important to be mindful of animals
different physiologies. Changes in type, distribution and quantities of fat can be
affected by particular climatic adaptations, seasonal changes, levels of malnutrition
and composition of diet. The consumption of different types of fats can also have a

major effect on health, whether or not the peoples under study were aware of this or

not.
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Figure 2.19 - The displayed chemical structure of Glycerol
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Figure 2.20 - The displayed chemical structure of Stearic Acid
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Figure 2.21 - The displayed chemical structure of Linoleic Acid (6,9
Octadecadienoic Acid)
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Figure 2.22 - The displayed chemical structure of a Triglyceride of Stearic
and Linoleic Acids (Glycerol 1,3 - dioctadecanoate 2 - 6,9 octadecadienoate)
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Figure 2.26 - Marrow from a bovine metatarsal
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Figure 2.27 - A graph to show the fatty-acid composition of three species of
animal in terms of degree of saturation (data derived from Mead ef a/ 1986,
tables 5.5 and 5.6)
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Figure 2.28 - A graph to show the fatty-acid composition of two species of
animal, comparing the levels of fat saturation in wild and domestic
specimens (data derived from Erasmus 1986, table D2)
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CHAPTER THREE

THE FoOD UTILITY AND BONE FATS OF HORSE
(EQUUS): A CASE STUDY

3.1 Introduction

The following is a study of the economic anatomy of horses and the nature of their
bone fats. Most of the information which follows came from the experimental
butchery of three horses by the present author in conjunction with Peter Rowley-
Conwy (Outram and Rowley-Conwy 1998). This study was carried out because there
were no published studies available and yet horse was a major quarry in the late
Pleistocene in Europe. It is also a very good example of why it is essential to have the
correct data for the species one is dealing with. Although both meat and marrow were
studied in detail (ibid.), the discussion below will concentrate on marrow with some

reference to general food utility.

All of the three horses butchered were mature animals in excess of 15 years of age.
Horse 1 was female with a withers height of c. 149 cm; horse 2 was female with a
withers height of c. 143 cm; and horse 3 was male with a withers height of ¢. 160 cm
(withers heights were calculated using Kiesewalter's factors as listed by Boessneck
1970 table 1). All three were riding horses at the end of their useful working lives,
and were in good condition; horse 3 in particular had been kept as a pet and not ridden

for some time, and was particularly fat.
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The horses were made available for study after they had been gutted, skinned and
bled. Carcass weights in this state were horse 1: 193.25 kg; horse 2: 169.75 kg; and

horse 3: 267.75 kg. Internal organs, viscera etc. were not weighed.

3.2 Marrow Measurement Methods

Both the mass of wet marrow and marrow cavity volume were measured for the
marrow bearing elements from one side of each horse, namely the half-mandible,
humerus, radius, metacarpal, femur, tibia, metatarsal and 1st phalanx. Marrow
cavities in the scapula, astragalus, calcaneum and 2nd and 3rd phalanges were non-
existent or negligible. To extract the marrow, the long bones were sawn in two at the
mid-point of their diaphyses. The mandibular marrow cavity was accessed by sawing
off the rear portion of the jaw just behind the 3rd molar. The metacarpal and
phalanges of horse 1 were mislaid before marrow could be recorded, all means for

these elements are therefore derived from horses 2 and 3 only.

The marrow was extracted using a variety of long metal implements. Complete
marrow removal was very difficult, particularly from the femur and humerus, due to
the large amount of trabecular bone present in the marrow cavity. This was also noted
by Blumenschine and Madrigal (1993) in their work on a zebra marrow index.
Animals of the horse family appear to have particularly dense cancellous bone in their
long bone diaphyses. The present study followed Blumenschine and Madrigal (ibid.)
in removing as much marrow as possible whilst attempting to exclude trabecular

bone. The effects of this problem will be discussed more fully later. Wet marrow
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weight was ascertained by weighing the bones before and after marrow extraction and
taking the difference. The electronic scales used were accurate to 0.1g.

The marrow cavity volume was measured after the bones had been boiled for over one
hour to remove the remaining fat from the marrow cavities, including that which
could not be removed from cancellous bone by mechanical means. This was in order
to assess the effects of extraction difficulties caused by trabecular bone. The volume
was measured by filling the marrow cavity with water from a graduated delivery
pipette. The volume was recorded to the nearest 0.5ml. This measurement could not
be carried out satisfactorily on the mandible, which tended to leak and disperse water

into non-marrow cavities.

3.3 The Marrow Indices

Table 3.1 gives the wet marrow weights for each horse. There is a considerable degree
of variation in each element in the different horses. This is not merely a function of
gross animal size, since, if this factor is standardised in the same way as for meat, the
variation remains substantial (table 3.1). This variation in standardised marrow
weight yields is particularly striking if viewed graphically (fig. 3.1). The
measurements of meat weights did not show this level of variation (Outram and

Rowley-Conwy 1998).

The variations between animals are probably due to varying amounts of trabecular

bone within the marrow cavities. Excessive trabecular bone growth has not been
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encountered in studies of marrow indices of animals outside the horse family.
Blumenschine and Madrigal (1993) noted that trabecular bone depressed overall
marrow yields in zebra, but not that there was variation between animals. This is,
however, the case for horse. Table 3.1 shows that the rank order of element marrow
utility varies between the horses. Femur has the highest marrow value in all three, but
the order thereafter is not consistent. The rank order in horse 1 is femur, humerus,
tibia, radius and lastly the metapodials. In horse 2, however, the tibia is up in second
place, but in horse 3 it is down in fifth place, with the humerus, mandible and radius

ranked above it.

The marrow cavity volume was measured in an attempt to counter the effects of the
trabecular bone on the wet weight index. Table 3.2 lists the results of the volume
measurements and converts them to standardised form. When displayed on a graph
(fig. 3.2), there is still much variation between the different horses, but it is not of
quite the same level of magnitude since the basic rank order of the elements is at least
consistent. The femur ranks at the top, followed by humerus, tibia, radius and finally
the metapodials. It is reassuring to note that this is the same order as that of the
average figures for both marrow weight (table 3.1) and volume (table 3.2). The
variability in the marrow volume figures must be due to differing volumes of

trabecular bone growth.

Study of meat utility of horses showed a very great bias to upper limb, when
compared, for instance to Binford’s (1978) index for caribou (Outram and Rowley-
Conwy ibid.). This is also the case with marrow. The marrow index values for the

distal limb bones are relatively depressed in horse (fig. 3.3) by comparison to other
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species.. Furthermore, in caribou the tibia is ranked above the femur, which is not the
case in horse. Caribou has a distinct bias towards the rear limb, with all the main
elements ranking above those of the forelimb. This is very different from horse,
where the descending ranking alternates between the fore and hind limb: femur,
humerus, tibia, radius, metatarsal, metacarpal. Surprisingly, zebra, though closely
related to the horse, has a pattern which closely resembles caribou marrow cavity
volume, with high rear limb and a very high tibia value (Blumenschine and Madrigal
1993). Figure 3.3 plots the standardised zebra wet marrow index because
Blumenschine and Madrigal do not give cavity volumes, but the figures should give a
broadly correct outline. Why zebra should differ from horse is hard to understand, but

this serves as a warning that assumptions cannot be made about the anatomical

distribution of utility in different species.

A particularly important aspect is how low the absolute marrow yields are in horse.
The horse is a very large animal with large bones and yet its marrow yields are
relatively low. Figure 3.4 plots marrow cavity volumes relative to animal size. The
horse relative marrow yield is only a small fraction of that of caribou. The trabecular
bone in the upper limb bones is obviously the cause of their low yield. Figure 3.5
shows a horse humerus marrow cavity compared with one from a cow. The way the
trabecular bone growth reduces cavity volume is plain to see. In the distal bones thick
bone walls decrease the size of interior cavity. This can be seen in figure 3.6, where a
horse metatarsal is compared to that of a cow. Study of zebra wet marrow weights by
Blumenschine and Madrigal (1993) revealed the same extremely depressed values for

the same reasons.
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3.4 General Food Utility

It is worth considering the general food utility of horses here because general food
utility will affect transport decisiong which, in turn, dictate which elements will be
available on a given site for processing for their within-bone nutrients. The GUI
(general utility index) for horse is calculated from the addition of meat and marrow
weights (table 3.3). This method of calculating GUI follows Metcalfe and Jones
(1988) rathér than Binford’s (1978) over-complex method. To create an index
suitable for studying transport decisions, however, the GUI is often modified to take
into account “riders”. Riders are bones of lesser utility which are transported more
often than their utility suggests because they are attached to bones of higher utility
(Binford 1978, p74). This is accounted for in a complicated averaging process of
adjacent bone’s values (see Metqalfe and Jones 1988). Binford (ibid.) called the
resulting index the MGUI (modified general utility index) whilst Metcalfe and Jones

(ibid.) refer to their simplified MGUI as the FUI (food utility index).

The FUI and standardised FUI ((S)FUI) are shown, with notes on their derivation, in
table 3.4. The (S)FUIs for caribou (after Metcalfe and Jones ibid.) and horse (Outram
and Rowley-Conwy ibid.) are compared in figure 3.7. A relative depression in the
value of horse distal limb elements can be seen. This effect can be seen even more
clearly if a graph of percentage difference between caribou and horse (S)FUIs is

plotted (see fig. 3.8).
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3.5 The Nature of Horse Bone Fats

-

As referred to in chapter 2.4, the fat of horses is fairly high in unsaturates and has a
particularly high level of essential polyunsaturates. This has the result of significantly
reducing the melting point of the fat. The effect of this was particularly noticeable in
the marrow fats encountered by the author in the above study. None of the marrow fat
was particularly solid. Whilst the femur fat of cattle is hard, like lard, the femur fat of
horse was very soft. It more closely resembled the consistency of the marrow from
the distal limbs of cattle. The marrow from the distal limbs of horse is a yellow,
translucent liquid at room temperature. The grease resultant from the boiling of cattle
bones will settle out on the surface of the water, when it cools, as a hard white lump,

but the grease from horse remains semi-liquid.

Fats with high levels of polyunsaturates are, as mentioned earlier, far more healthy,
but they do have their drawbacks. Unsaturated fats are more chemically reactive and
are, as a result, more susceptible to becoming rancid (Nawar 1985). This point could
be very relevant to hunter-gatherers who store food. It was certainly very noticeable,
to the present author, that horse fat became rancid much quicker than fat from cattle.
As evidence the following is verging on the anecdotal, but the author, over months of
processing bone fat from cattle, never received a complaint about the smell, but
received serious complaints when processing horse fat, which did appear to go “off”

remarkably quickly!

The fatty-acid content of horse fat is affected by the horse’s diet. Data given by

Hilditch and Williams (1964, table 34) shows that horses fed on grass have a high
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proportion of linolenic acid (18:3), which is a fatty-acid abundant in grass. Horses
which are stall fed on oats, however, have a greater abundance of linoleic acid (18:2)

(ibid.). This can be seen in graphical form in figure 3.9.

3.6 Discussion

The above case study has proved, once again, how important it is to be in possession
of the correct data with regard to particﬁlar animal species. It is clear that
transportation of horse elements is likely to vary from other species, because the food
value is distributed differently with regard to its anatomy. This may lead to different

- availability of marrow bones at camp site for horse in comparison with other species.

Furthermore, the relative value of bone marrow as a food resource on horse is very
different from other animals, and the anatomical distribution of the marrow is also
different. One must, however, consider qualitative as well as quantitative aspects of
marrow use. Horse fat is of a very different nature to many other animals, particularly
ruminants, and may therefore be put to different uses. It may be more highly or less
highly prized as a result of its chemical composition. Its low melting point may make
it particularly sort after or problematic to process. The problem of rancidity may be a
problem for some hunting communities but not others. It is likely to depend on

climate and storage customs.

The general conclusion is that it is necessary to be fully aware of a whole range of

data with regard to a particular hunted species before it is possible to make any
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detailed conclusions about people’s past utilisation of that animal as a food resource.
This particularly applies to the study of within-bone nutrient exploitation. This point
plays an important part in two of the case studies later in this volume. The species

under consideration is not horse, it is seal, but knowledge of that species’ specific

anatomy and physiology plays an important rdle in the interpretation of those sites.
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Horse 1 Horse 2 Horse 3 Mean

Element Marrow Marrow Marrow Marrow
Weight Weight Weight Weight
(9)(standardis | (g)(standardis | (g)(standardis | (g)(standardis
ed marrow ed marrow ed marrow ed marrow
weight index) | weight index) | weight index) | weight index)

Mandible 39.2 (41.5) [23.0 (36.4) |45.2 (78.3) |35.8 (49.9)

Humerus 45.5 (48.1) 243 (38.4) |521 (90.3) |(40.6 (56.5)

proximal 6.9 8.7 10.0

distal 38.6 15.6 42.1

Radius 30.7 (32.5) [15.6 (24.7) |[26.2 (45.4) |24.2 (33.7)

proximal 19.8 10.6 20.5

distal 10.9 5.0 5.7

Metacarpal | N/A 10.5 (16.6) |12.2 (21.1) |[11.3 (15.7)

proximal 6.9 9.6 '

distal 3.6 2.9

Femur 94.5 (7100.0) | 63.2 (100.0) | 57.7 (100.0) | 71.8 (100.0)

proximal 51.5 38.5 29.3

distal 43.0 247 28.4

Tibia 43.2 (45.7) |30.6 (48.4) |25.9 (44.9) |33.2 (46.2

proximal 33.0 22.4 17.4

distal 10.2 8.2 8.5

Metatarsal | 6.0 (6.3) 8.2 (13.0) 13.9 (24.1) |94 (13.1)

proximal 4.0 5.0 9.7

distal 2.0 3.2 4.2

1st Phalanx | N/A 1.4 (2.2) 0.6 (1.0 1.0 (1.4)

Table 3.1 - Wet marrow weight and standardised marrow weight index (in
parentheses) for the three horses studied. The metacarpal and phalanges of
horse one were not available for measurement.
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Horse 1 Horse 2 Horse 3 Mean

Element Marrow Marrow Marrow Marrow
Cavity Cavity Cavity Cavity
Volume (ml) | Volume (ml) | Volume (ml) | Volume (ml)
(standardised | (standardised | (standardised | (standardised
marrow marrow marrow marrow
volume index) | volume index) | volume index) | volume index)

Mandible N/A N/A N/A N/A

Humerus 95.5 (61.0) |70.5 (77.0) |93.0 (98.9) |86.3 (75.7)

proximal 39.5 40.0 30.0

distal 56.0 30.5 63.0

Radius 63.5 (40.6) |36.0 (39.3) |52.0 (55.3) |50.5 (44.3)

proximal 45.0 26.0 35.0

distal 18.5 10.0 17.0

Metacarpal | N/A 15.0 (16.4) |17.0 (18.1) |16.0 (14.0)

proximal 9.5 13.0

distal 5.5 4.0

Femur 156.5 (100.0) | 91.5 (700.0) | 94.0 (100.0) | 114.0 (100.0)

proximal 88.0 58.5 44.0

distal 68.5 33.0 50.0

Tibia 71.5 (45.7) |45.5 (49.7) |62.0 (66.0) |59.7 (52.4)

proximal 54.0 34.5 42.0

distal 17.5 11.0 20.0

Metatarsal | 13.5 (8.6) 155 (16.9) |(21.5 (22.9) |16.8 (14.7)

proximal 9.5 10.0 14.5

distal 4.0 5.5 7.0

1st Phalanx | N/A 25 (2.7) 3.5 (3.7) 3.0 (2.6)

Table 3.2 - Marrow cavity volume and standardised marrow volume index (in
parentheses) for the three horses studied. The metacarpal and phalanges of
horse one were not available for measurement and the measurement of
volume in the mandible was impracticable.
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GUI

Unit Mean Meat Mean Marrow
Weight (kg) Weight (kg) Meat + Marrow
(kg)
skull, brains 8.0 0.0 - 8.0
mandible, 3.25 0.036 3.286
tongue
atlas/axis 3.5 0.0 3.5
cervicals 3-7 20.25 0.0 20.25
thorax 4475 0.0 44.75
lumbar 10.0 0.0 10.0
scapula 6.75 0.0 6.75
humerus 5.75 0.041 5.791
radius/ulna 1.5 0.024 1.524
metacarpal 0.0 0.011 0.011
pelvis 23.75 0.0 23.75
femur 20.25 0.072 20.322
tibia 2.25 0.033 2.283
metatarsal 0.0 0.009 0.009
phalanges 0.0 0.001 0.001

Table 3.3 - General Utility Index for horse, based on summing the mean

meat weight and mean marrow weight for each anatomical unit.

weight is rounded to the nearest gram.
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Unit FUI | derivation (S)FUI
skull 8.0 | unmodified GUI 17.9
mandible 3.3 | unmaodified GUI 7.4
atlas/axis 3.5 | unmodified GUI i 7.8
cervicals 3-7 20.2 | unmodified GUI 45.2
thorax 447 | unmodified GUI 100.0
lumbar 10.0 | unmodified GUI 224
scapula 6.7 | unmodified GUI 15.0
prox. humerus 6.7 | rounded up to scapula GUI 15.0
dist. humerus 6.3 | mean of p.hum FUIl and hum GUI 14 .1
prox. 3.9 | mean of d.hum FUI and rad GUI 8.7
radius/ulna
dist. radius 2.7 | mean of p.rad FU! and rad GUI 6.0
carpals 1.4 | mean of rad FUl and m'c GUI 3.1
prox. 0.7 | mean of carp FUl and m'c GUI 1.6
metacarpal
dist. metacarpal | 0.3 | mean of p.m’c FUl and m’c GUI 0.7
pelvis 23.7 | unmodified GUI 53.0
prox. femur 20.3 | unmodified GUI 454
dist. femur 20.3 | unmodified GUI 454
rox. tibia 11.3 | mean of d.fem FUI and tib GUI 25.3
dist. tibia 6.8 | mean of p.tib FU! and tib GUI . 156.2
astragalus 3.4 | mean of d.tib FUi and m'<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>