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Abstract

This paper explores the role of vitamin C (ascoduidl) in the foodways of hunter-gatherers—
both ethnohistoric and Paleolithic—whose diet seallp or over much of the year, of necessity,
was comprised largely of animal foods. In ordestive off scurvy, such foragers had to obtain a
minimum of about 10 mg per day of vitamin C. Howekere is little to no vitamin C in

muscle meat, being concentrated instead in varmdamal organs and brain. Even ruminant
stomach contents, despite the abundance of pgri@ésted plants, contains almost none.
Moreover, many of the “meatiest” anatomical unit@icarcass, such as the thigh muscles or
“hams” associated with the femur, are extremeln i@amost wild ungulates, making them
nutritionally much less valuable to northern fonagihan archaeologists commonly assume (for
example, Inuit and other indigenous peoples ofticéc and subarctic commonly use the thigh
meat as dog food). Vitamin C is also the most unstaitamin, rapidly degrading or
disappearing when exposed to water, air, lightt,reeal pH levels above about 4.0. As a
consequence, common methods of preparing meatoi@ge and consumption (e.g., drying,
roasting, boiling) may lead to significant lossvadmin C. There are two effective methods of
minimizing such loss: (1) eating meat raw (fresirozen); and (2) eating the meat after it has
been putrefied. Putrefaction has distinct advarstdiggt make it a common, if not essential, way
of preparing and preserving meat among northeitudiz foragers and, for the same reasons,
very likely also among Paleolithic foragers in toéder climes of Pleistocene Eurasia.
Putrefaction “pre-digests” the meat (including tingans), making it much less costly to ingest
and metabolize than raw meat; and it lowers thegoehtly increasing the stability of vitamin C.
These observations offer insights into criticalritisinal constraints that likely had to be
addressed by Neanderthals and later hominins ircamtgxt where their diet was heavily meat-
based for a substantial part of the year.
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1. Introduction

While this paper is focused squarely on certaimitenal problems confronting
Neanderthals living in the colder climes of Middied Late Pleistocene Eurasia, many of the
same issues apply equally well to Upper Paleolinid later foragers occupying broadly
comparable environments. Some important differedoesrise, however, stemming in particular
from the increasing use in the Upper Paleolithiisif and small game, and these will be
discussed below where appropriate.

As with just about every other facet of Neanddrifg from their technological
organization and mobility patterns to their mewrtgbacities and ultimate demise, Neanderthal
diet and subsistence practices have been sourcesstant and often contentious debate. There
is one thing, however, about which there seeme tiaiply widespread agreement, sometimes
explicit, though most often implicit: meat from d¢grto very large animals generally provided the
cornerstone of Neanderthal diet (e.g., Bochereas ,2005; Gaudzinski-Windheuser and
Roebroeks, 2011; Richards et al., 2000; see diggussMorin et al., 2016). This view is hardly
surprising. There is no mistaking the fact that ynsinddle Paleolithic sites are jam-packed with
animal bones. In fact, they sometimes occur in suchbers and densities that the
accumulations resemble a veritabl®ulisof bones. And unambiguous traces of human
involvement, such as charring, impact fractured, @arimarks, more often than not are found on
the bones of the larger-bodied taxa. In strikingtcast, plant remains are noteworthy for their
scarcity or absence. So as one might expect, mittie aebate has not been about the role of
plant foods in Neanderthal diet (preservation biad, until recently, limited methodologies were
sufficient to render that debate largely moot)teas the discussion has been about how
Neanderthals went about procuring their meat.

Throughout the better part of the™€entury, hunting seemed like the obvious answer, a
view that by and large was simply taken as a gifgern .then, beginning in the 1980s (and most
vociferously in North America), many in the profiessbegan to deny early hominins, and in
short order Neanderthals and their southern Afrmartemporaries as well, the wherewithal
needed to bring down large game (e.g., Binford, 119884, 1988; Blumenschine, 1987). Their
weapons, and perhaps even their mental capaditegs, thought to have been no match for the
large, fleet-footed, and sometimes dangerouslyesgire animals like mammoth, rhino, bison,
aurochs, and probably even large antlered preyéledeer and reindeer. Instead, archaeologists
and paleoanthropologists alike had no qualms aebegating our ancestors prior to the Upper
Paleolithic to a life of opportunistic scavengieging out a precarious existence off what scraps
of meat and marrow they could glean from carcassgghe “real” predators of the time had
killed, gorged upon, and then abandoned helteteskatross the landscape (Trinkaus, 1987:130).

Though the scavenging scenario was widely perseasifaoth scholarly and popular
circles, especially in discussions of early homsniout also with regard to Neanderthals, it began
to crumble in the 1990s. Armed with new ideas ammbvative methods of analysis,
zooarchaeologists brought forth compelling evidethe¢ hominins across the span of the
Pleistocene had early or primary access to carsaifs#t is, they somehow were able to get at



the prey before carnivores like hyenas, large eaitd,wolves had time to devour a kill on the
spot or carry off the choicest parts. Thus, thes§pae scavengers” of the 1980s morphed into the
“power scavengers” of the 1990s, foragers endowddsufficient prowess to be able to drive

off their hungry competitors from a kill (Bunn, 2D0 Some even took an important step further
and argued that Neanderthals were not just capédisiearing off ferocious predators, they in fact
werebona fide“big game” hunters in their own right (e.g., Manesnd Kim, 1998).

As the field evolved, zooarchaeologists starteéfadly examining the age structure of
the larger mammals in Middle Paleolithic faunalegsblages and, in case after case, found that
prime adult animals rather than juveniles and oftets were unexpectedly well represented, in
fact often over-represented. This surprising discpwas not only at odds with the age structure
typical of kills made by most non-human predatarsias also at odds with any sort of
scavenging scenario (Gaudzinski and Roebroeks,; Z)#$ih, 2013a). Thus, “Neanderthal the
scavenger” (in whatever guise) gradually gave vwsag aew image took its place, the one to
which much of the profession subscribes today: Neghals were “top predators,” formidable
hunters fully capable of killing even the largestianost dangerous prey.

The “top predator” view of course found its firmegsbunding in the fact that most
Middle Paleolithic faunal assemblages are dominaidn overwhelmingly so, by the bones of
large mammals, including not only an array of medto large ungulates, but also a surprising
number of mammoth and in some places even rhinairengBratlund, 2000; Gaudzinski and
Roebroeks, 2000; Morin et al., 2016; Rendu e8l1,2; Speth, 2013a). No doubt, this picture is
biased by sampling issues (big bones, or theielaigpbust fragments, are more likely than small
ones to be preserved, and they are also more likddg recognized and recovered in
excavations). And until fairly recently there hash a common tendency among
zooarchaeologists to devote the lion’s share af #teention to the large animals when talking
about subsistence, while focusing more on the smathmals, birds, and reptiles when
reconstructing paleoclimates and paleoenvironmeastsyell as when attempting to resolve
taphonomic issues. Nevertheless, there is no dgnlyat larger mammals (deer-sized and up)
are very prominent in many Middle Paleolithic asblEmges, making it quite clear that
Neanderthals did in fact focus a lot of their hogteffort on the “big ones.”

The “top predator” view also gained considerabldittmhal support, as well as a kind of
scientific “legitimacy,” from the work of biochemss whose stable isotope studies of
Neanderthal skeletal remains revealed elevélt®d values that placed these archaic humans
high up on the food chain, right up there with hygaenivores like wolves, hyenas, and cave
lions (Bocherens, 2011).

But the “top predator” scenario is not withoutpt®blems. First and foremost, there is a
widespread misapprehension among zooarchaeologsis-among those who consume the
results of such studies—about what the animal boarsactually tell us regarding the role of
meat in past human diets. Contrary to what martlgerprofession would seem to assume, faunal
remains can only reveal to us the relative propogtiof different animals in an assemblage; they
tell us nothing about the actual contribution ofati® the daily or annual diet, expressed in
terms of kcal (or kg) of meat per person per d&johe tools and butchered animal bones almost
certainly indicate that earljlomoate meat..., but they reveal nothing about meatiive



dietary importance” (Sponheimer and Lee-Thorp, 2098). This problem persists even if we
convert raw bone counts (e.g., NISP, Number oftiflahle Specimens; or MNE, Minimum
Number of Elements) into estimates of the numbemaials that are represented in an
assemblage (MNI or Minimum Number of Individual&réayson, 1984). Regrettably, despite
these attempts to inject greater rigor and intéggower into zooarchaeological investigations,
there still is no way to translate NISP, MNE, or MMlues into per capita daily meat
consumption. Put bluntly, lots of bones does noearsarily mean lots of meat in an individual’s
or a group’s daily or annual diet.

There are many reasons for this unfortunate canswa zooarchaeological
interpretation. Leaving aside the plethora of tajhoic biases that can greatly complicate such
reconstructions (Lyman, 1994), we seldom know ttaa number of people that inhabited a
site at a particular moment in time, nor can wedrain about the precise length of each
individual episode of occupation. Additionally, wever have sufficient data or chronological
precision to look at the hunting returns of anwndlial, or of a larger social unit, over an entire
year. Instead, we have to content ourselves witipges that are complex palimpsests of the
(partial) hunting returns generated by an unknowmlmer of discrete hunting events made by an
unknown number of people over an unknown periotihod, plucked from a settlement system
of unknown spatial scale and organizational stmectin short, while we can say with some
confidence that foragers in the past hunted mospeties “X” than of species “Y”, the faunal
data by themselves will probably never tell us hany animals were actually killed by a
particular social unit over the course of a yead,anore importantly, such data remain silent
when it comes to determining thatritional contribution that each taxon made to an indivigual
or a group’s average daily or annual meat intake.

The isotope approach has its problems as wetlt &irall, nitrogen values tell us about
an organism'’s protein intake, and since many dlzods are deliberately selected by foragers for
their starch or oil content, and since many conf@iness protein than meat does, trophic
reconstructions based on nitrogen isotopes arby likebe biased, at times sharply so, in favor of
the meat component of the diet (Bocherens, 2009 24de can expect this bias to be greatest
when dealing with human remains from contexts wipémat foods are likely to have played a
major dietary role (e.g., tHé°N values from skeletal remains that date to warmtieratic
episodes such as interglacials and interstadiatbab derive from geographic areas that
generally experienced less harsh climatic condsbion

It is also important to keep in mind that Neandalghtheirs*>N values notwithstanding,
were not hypercarnivores. It is certainly true tinaditional northern foragers such as the Inuit
(traditionally referred to as “Eskimos”), and presably the more meat-dependent hominins of
the Middle and Upper Paleolithic, do (or did) rebégrhypercarnivores in one important respect:
both are (or were) capable of consuming diets cmagralmost entirely of meat. But that's
where the similarity stops. Thus, while wolves, tg® and felines can thrive on a diet in which
protein provides as much as 70% of total energii¢Bunerhorn, 2013:2), northern latitude
hunter-gatherers (and presumably Paleolithic fasage well) would experience dire health
consequences, and even death, within a matter @fsniétheir protein intake regularly exceeded
roughly half that amount (i.e., ca. 35% of totahlgi¢Cordain et al., 2000; Speth, 2010). In other
words, fat is far more important to the survivahoéat-dependent humans (including



Neanderthals) than it is to hypercarnivores.

This difference may help explain why Neanderthats] later humans, routinely targeted
prime adults, the age cohort with the highest di/&atlevels, while hypercarnivores could make
do with fat-poor juveniles and fat-depleted old l&l(their capture of course also posed less risk
of injury and failure). This important contrasteiasily missed in dietary reconstructions based on
8N values. Neanderthal hunters would have had toceseefar greater selectivity than
hypercarnivores with regard to the species, age,reproductive state, and overall condition of
the animals they targeted and the body parts thegepsed and consumembiitra White et al.,
2016). At times and in contexts where plant fooéseanscarce or unavailable, hunting wasn't
just a matter of opportunistically killing an anih@nd bringing home the meat. To survive the
coldest months of the year, hunters had to profatien substantial quantities on a regular
basis—in fact, as much as 60% or more of totalredqCordain et al., 2000; Speth, 2010).

Though beyond the scope of this paper, it is wodting that we still don’t fully
understand how Neanderthals managed to obtaircsurdfifat from their animal resources (see
Costamagno, 2013:220; Marean, 2005:352). They utddly made heavy use of the obvious
and most readily accessible lipids, such as thddposits under the skin, around the internal
organs, in the marrow cavities of the limb boned atfier elements, and in the brain and tongue.
But there is another source of fat in an anima payed an extremely important role in the
survival of ethnohistorically documented foragén®tighout the circumpolar regions—the
“grease” (lipids) within the spongy cancellous tis®f bones. Historically, northern foragers
invested considerable time and effort to recovesdhlipids, systematically breaking up the
bones into small fragments, a time-consuming &gtiwiits own right, and then thoroughly
boiling them until the fat rose to the top of tletainer and could be skimmed off for later use
(Eidlitz, 1969; Saint-Germain, 2005). We have yeti¢termine whether Neanderthals possessed
the boiling technology needed to render lipids sinailar manner from animal bones; and, if not,
how they might have compensated for the likely geak if not annual, shortfall in available
non-proteincalories (Speth, 2015).

2. Scurvy

Before proceeding, | need to digress briefly ari€f some potentially ambiguous
terminology. The word “meat” can convey differerganings in different scholarly and popular
contexts. Thus, when archaeologists talk about ,theaspect they are thinking mostly about
muscle. More often than not, they treat the inteongans, not only as a category distinct from
meat, but also as marginally important tidbits aild-ons” in the grand scheme of things. This
creates a dilemma when talking about hunting inheon latitudes (and very likely when
considering Neanderthal and Upper Paleolithic stiesce as well). As | will discuss further
below, adequate intake of vitamin C is absolutégl o survival when relying, whether
seasonally or year-round, on a heavily “meat’-batiet] but this critical micronutrient occurs at
low to negligible levels in muscle. Instead, mastoncentrated in the internal organs and brain.
In addition, the muscle from wild ungulates is miledner than analogous cuts from domestic
animals, in part because it is not marbled with( &geth, 2010). Taken together, these
shortcomings significantly diminish the nutritionvabrth of muscle as a food for northern



foragers, contrary to the value or “utility” typilbaascribed by archaeologists to the “meatiest”
body parts of an ungulate (as represented in faassmblages by their associated skeletal
elements). So it is important in what follows thatake clear when using the word “meat”
whether | am talking about just muscle, or abowrgthing edible on an animal (i.e., muscle, fat,
internal organs, brain, blood, etc.; but excludimg skin, except when dealing with marine
mammals and perhaps birds). Unfortunately, comnsage of the word “meat” in the English
language does not make this task easy. Thus, teetiteivhen referring specifically to muscle, |
will use either the word “muscle” by itself or tparase “(muscle) meat,” and when referring to
the total yield of edible products from an aninaftén identified as “byproducts” in the meat
science literature), | will express it as “mesgrfsu laty’ or, for simplicity, just “meatg.1.).”

So, how does all of this relate to Neanderthatkthe issue of scurvy in the Middle
Paleolithic? Scurvy is an insidious disease cabyeah inadequate intake of vitamin C (ascorbic
acid) that can seriously compromise an individuléslth and, if not brought in check in time,
will very likely lead to death. The best and masdily available sources of vitamin C are fresh
fruits and raw or lightly cooked vegetables. THos hunter-gatherers consuming a broad mix of
plant and animal foods, scurvy would seldom poseuai a threat. However, animal foods as a
class, while rich in B vitamins (Hassan et al., 281 ombardi-Boccia et al., 2005), are
notoriously poor sources of vitamin C (see beldigreover, vitamin C is very unstable, and
readily and rapidly degrades as foods are predarestorage and consumption. This means that
traditional foragers inhabiting the more northdatjtudes have had to overcome a serious
challenge in finding foods with adequate and rédiddvels of this critical vitamin, and in
developing ways to prepare them that preserve iittiatvitamin C might initially have been
present. That they were successful in coping wigir tvitamin C-poor resource base is clearly
shown by the fact that outbreaks of scurvy, whiemmonplace among Euroamerican explorers,
fur-trappers, missionaries, and military expedisiom the north, were rare among the region’s
traditional indigenous inhabitants (Fediuk et 2002:222; Hayes, 1859:116; Stefansson, 1918;
Thomas, 1927:1560). By looking closely at how nemnthforagers dealt with the scarcity of
vitamin C, we can gain a better understanding @f heavily meatg.1.)-dependent Neanderthals
and their Upper Paleolithic successors might hayped with comparable nutritional challenges
during the many millennia they inhabited the coldsrches of Middle and Late Pleistocene
Eurasia.

In the West one doesn’t hear much about scurvyadaws, in large part because many of
our foods are fortified with vitamin C and many pkpalso take daily supplements. However,
well into the 28 century scurvy remained a major debilitating digeand a significant cause of
death. Historically, one most often hears aboutgcas the scourge of the seas, and affliction
that led to the demise of a staggering numberitdrsaparticularly during the centuries of
European exploration and colonization. Nothing nsakegs clearer than the death toll among
British sailors just in the few centuries betwe®&3@ and 1900—over one million! And if
comparable records were available for the restundfe during this same period, the figure
would be substantially greater (Carpenter, 1986¢CMd, 1965, 1971).

But scurvy was by no means confined to sailorsthachigh seas. Carpenter (1986), for
example, reviews the terrible losses suffered loly @xplorers, fur-trappers, missionaries, and
military expeditions in the far north, most esp#githose who failed to adopt indigenous



foodways. Scurvy raised its ugly head in many otoertexts as well. For example, during the
Middle Ages scurvy may have been endemic durindahg, harsh winters of northern Europe
(Drymon, 2008:114). Participants in the Califorg@d rush in the late 1840s suffered heavily
from scurvy, as did fortune seekers in the latB-déntury Alaskan and Yukon gold rushes
(Buffum, 1850; Stefansson, 1960:162). The diseamgaiso have been widespread during the
great famine in Ireland (1845-1852), when the potie poorer inhabitants’ principal source of
vitamin C, was destroyed by a blight (Geber andi¥yr 2012) Scurvy was also a serious and
widespread threat to armies in the field, as f@ameple during the Crusades (Drymon, 2008:114),
during Napoleon’s 1801 Egyptian campaign (Wood &08mong French and other troops
during the Crimean War in the 1850s (Baudens, &% among Union and Confederate
soldiers during the American Civil War in the 18§8gcretary of War, U.S. War Department,
1884). More recently, the British army fightingtime Near East in World War | suffered serious
losses from scurvy (Stefansson, 1960:162), asaldiess in campaigns against the Italians in
Ethiopia in the mid-1930s. So too did American pedighting in World War Il. And in some
parts of the world scurvy is still very much with.Urain (2005:125), for example, notes that
more than 100,000 cases of the disease were rdporteng refugee populations in the horn of
Africa in the 1990s.

James Lind (1753), an &entury Scottish medical officer in the BritishyadNavy
and a pioneer in the study of scurvy, describedyitsptoms in considerable detail, and explored
at length the disease’s possible causes and resnéthaecognized the antiscorbutic power of
citrus juices, but unfortunately did not understémat boiling the juice in copper kettles to
reduce the liquid to a more compact and easilysfrartable concentrate effectively destroyed
whatever vitamin C it originally had contained. \I¢hiecent medical research has greatly
advanced our understanding of the etiology of sgurind’s observations of British sailors
afflicted with the disease, though made more thanand a half centuries ago, still provide
valuable insights into scurvy’s progression (Hirsem and Raugi, 1999; see also Stefansson,
1918:1718). Among the first symptoms to manifestitkelves are overall fatigue and lassitude,
as well as weight loss, irritability, and depressiSince many other disorders can produce
similar symptoms, the early stages in the diseanée quite difficult to identify. However, as
the disease progresses, physical manifestatiomsrieemcreasingly apparent. Among some of
the first are changes in facial complexion, roughgf the skin, and edema or swelling,
particularly in the lower extremities. These arofwed by more severe conditions, many of
which stem from compromised collagen formation. Bleod vessels are particularly impacted
at this stage, giving rise to the appearance ofanaus tinypetechiagred spots) on the skin
(hemorrhagic manifestations of fragile and brokapiltaries), as well as larger reddish to
purplish bruise-like blotches. Wound healing alsadimes severely impaired (Akikusa et al.,
2003; Fain, 2005; Hirschman and Raugi, 1999; Hoeges., 1971; Institute of Medicine, Food
and Nutrition Board, 2000:101; Sheraz et al., 202b}his stage, agonizing pain and bleeding
within the joints also develop, as well as osteopis; bone resorption, and other pathological
conditions. The combined effect of these changadeaso severe that the patient becomes
totally immobilized and bedridden. In the more athed stages of the disease, the gums begin to
bleed and recede, and teeth may become loose Vitdmin deficit persists beyond this point,
death usually follows, often quite suddenly.



3. Vitamin C

What is the minimum vitamin C intake needed toestaff scurvy? The Institute of
Medicine, Food and Nutrition Board (2000:95) edsdt#d the Recommended Dietary
Allowance (RDA) for vitamin C at 90 mg/day for atlolen and 75 mg/day for adult women.
These values were deliberately set far higher, kewe¢han the amount actually needed to
prevent the onset of scurvy. Arne Hgygaard, fonga, found that on “sledging journeys of
long duration in the Arctic, less than 15 mgm. asimoacid a day effectively prevents scurvy”
(Hegygaard and Rasmussen, 1939:943). A few yeaass lata classic experimental study, The
Medical Research Council (1948:857) concluded tieat'minimal protective dose” of vitamin C
was as little as 10 mg per day and, according tdgds et al. (1971:432, 440, 442), perhaps as
little as 6.5 mgq if the individual is not perforngimnder physical or emotional stress.

Vitamin C (L-ascorbic acid) is a water-solubleawitin biosynthesized in mammals from
glucose by means of a series of enzymes in the NVaile most mammals are capable of
producing their own, humans, as well as most pes)ajuinea pigs, some birds, fruit-eating bats,
and many fish have lost that capacity due to thetivity of the gene that produces L-
gulonolactone oxidase. This enzyme is criticaht® process, as it catalyzes the last step in the
biosynthesis of ascorbic acid. Without L-gulonotanet oxidase, humans, primates, and others
are unable to produce their own vitamin C; insteélaely must get this critical micronutrient from
their food (Bender, 2003:357; Chatterjee, 1973n@es and To6th, 2016:2; Cummins, 1992;
Institute of Medicine, Food and Nutrition Board 0P05-96; Matsui, 2012:597; Smirnoff et al.,
2004:10).

Vitamin C serves many important functions in tioglyp (summarized in Asard et al.,
2004; and in Institute of Medicine, Food and NutritBoard, 2000), serving for example as a
co-factor in a number of key enzymatic reactiomsl as an extremely important antioxidant.
And, as already indicated, vitamin C plays a pilvotée in the normal formation of collagen.

How long does it take for scurvy to develop onitarwin C intake drops below the 10
mg per day minimum noted above? Unfortunately gla@e few such studies, and their
conclusions are not entirely comparable. One soofrcacertainty stems from the difficulty of
recognizing scurvy in its earliest stages, sineenttost common symptoms are fatigue, lassitude,
irritability, weight loss, and depression, all syionps that can arise from a variety of other
causes, not just scurvy. Another potentially copgilhg factor may arise from differences in the
initial reserves or body pools of vitamin C in ge&rum and cells of the subjects under
observation. Given these and other uncertaintiés not surprising that estimates vary quite
widely in the few available sources. In the eatle@ghese, Hodges et al. (1971:442) provide the
shortest estimate, from 84 to 97 days (~2.8-3.2th&)nin contrast, in a more recent study
Bender (2003:372) suggests a much longer intewiti, symptoms taking anywhere from 4 to 6
months to become manifest. Perhaps the most relatd useful look at the issue comes from
Fain (2005:125), who subdivides the early onse¢hefdisease into discrete, clinically detectable
stages:

Serum ascorbic acid levels become undetectablayd [d.4 months]
after the initiation of a diet deficient in vitam@y cell depletion occurs



after 121 days [4 months], and the first skin lasidevelop after 132 days
[4.4 months]. Dental abnormalities occur after éths. The constellation
of clinical symptoms develops after 1-3 months dfed containing no
vitamin C at all, when the total body pool fallddwe 300 mg and the
serum ascorbic acid level decreases below 2.5.mg/l.

One conclusion that we can draw from Fain’s datthat the earliest stages of the disease
can only be pinpointed reliably using internal wal criteria, not external physical
manifestations. Not surprisingly, the highly viglfand most infamous) features of scurvy, the
characteristics so often mentioned in the histbficaature (e.g.petechiagbleeding gums,
loose teeth), don’'t become apparent until longrdfte initial onset.

There is no question of vitamin C’s considerahl&itional importance to northern
foragers. Unfortunately, vitamin C is also the mlabile or unstable of the vitamins, easily
leached from foods in the presence of water, abgestito rapid degradation and loss when
exposed to oxygen, heat, light, and elevated pElsefBender, 1979; Kizlaitis et al., 1964;
Nobile and Woodhill, 1981; Rose and Nahrwold, 198Reraz et al., 2015; Soliman et al., 1987).
Given the unstable nature of vitamin C, many ofrti@e obvious means by which circumpolar
peoples might prepare meatl{ for storage or consumption are likely to conttéto the
demise of this critical micronutrient. Thus, dryiagsmoking meats(l.) can destroy most or all
of what little vitamin C might have been presengimially. Even frozen meas(l.) is vulnerable
to vitamin loss through the presence of oxygenattivity of various endogenous and microbial
enzymes in the food, the shape and size of theopesrselected for freezing, the cellular integrity
of the food when frozen, and many other factorg.(€&iannakourou and Taoukis, 2003).
Cooking, whether by roasting, stewing, or boilingn also lead to substantial losses. The
magnitude of these losses can be mitigated to mgqugegrees by keeping the cooking time to a
minimum, the temperature low and, when boilingcbgsuming the broth along with the meat
(s.l) (Harry and Frink, 2009:334; McClellan and DuBdi830:661-662; Stefansson, 1918:1717,
1935:183). Not surprisingly, boiling in the northdatitudes was almost always brief and very
light, in fact fondue-like in the words of Frinkéarry (2008:111). Spray (2002:36) makes a
similar point:

[T]he term ‘boil’ might be a misnomer. Not once diskee a bubbling pot.
Rather, the liquid gently shimmered at a perfeeighing temperature.
With a limited heat source, if a pot did boil, iagvonly for a short time....
Sometimes only a tiny amount of water was needdxidise or steam. But
no matter the exact cooking method, the descripéua was always
‘boiled.’

Eating meatq.l.) while fresh and still raw is one of the best waysninimize vitamin C
losses, and northern foragers are renowned foruooing meatg.1.) in its uncooked state (e.qg.,
Eidlitz, 1969; Sinclair, 1953; Spray, 2002). Buerté is also a downside to eating medt)(raw.
Cooked meat (both muscle and organs) is easidreiy and, most importantly, it is much less
costly energetically to metabolize than its uncab&eunterpart (Boback et al., 2007; Carmody
et al., 2011; Carmody and Wrangham, 2009; DietzEnddnan, 1989; Speth, 2010, 2017,
Williams and Erdman, 1999). Thus, there is a traffidbetween the energetic savings one gets



from cooking meatdl.) versus the risk one faces of losing the meatlg precious vitamin C
content, the critical micronutrient needed to staifescurvy when subsisting for extended
periods on a heavily meat.[)-based diet.

As already alluded to earlier, the stability of@bic acid is very much dependent on the
pH of the food, with broad consensus that vitamifai@s much better at low (more acidic) pH’s.
The question is how low? Not surprisingly, estirsatary. The rate at which vitamin C
disappears at different pH’s is sometimes deterdiim&ivo in domestic livestock by directly
sampling the rumen contents through a fistulatheocases, analogous experiments are
conductedn vitro. As might be expected, the results of these twwagches aren’t always the
same. The techniques and equipment used to maaswiamin C concentrations also differ,
again with some loss of comparability. Nevertheléssre does seem to be broad agreement that
vitamin C begins to become stable at a pH of aBdytand increasingly stable as pH values
drop below 3.0 (Aditi and Graham, 2012:2508; Chesghl., 1994:196; Farahmand et al.,
2006:259; Gallarate et al., 1999:240-241; Hari@8814; MacLeod et al., 1996:2; Nobile and
Woodhill, 1981:23; O’Connor et al., 1989:438, 4@jum, 1993:368-370; Rose and Nahrwold,
1982:390).

These pH studies help to explain why eating thanehor partially digested plant matter
in the stomach of ruminants like reindeer, whileyiding a valuable source of carbohydrates
and B vitamins, is not a viable way of acquirintamin C (Speth, 2017). The pH of the gastric
juice in ruminants is quite high (i.e., more alkalthan in humans and other monogastrics), with
values typically ranging between 5.5 and 7.5. Atyaltues above 4.0, and especially when the
values reach or exceed 5.5, vitamin C degradesragrglly, most disappearing from the rumen
within a matter of hours (Aagnes et al., 1995:388asley et al., 2015; Dressman, 1986; Erb et
al., 1947; Evans et al., 1988; Gurusinghe, 2001-28&ton et al., 2015; Hoppe, 1977:5-6;
Ichimura et al., 2004:392; Knight et al., 1941; kayrand Schusser, 1993; Nilsson et al.,
2006:77; Vallenas P. and Stevens, 1971).

4. Vitamin C in Arctic and Subarctic Animal Resoesc

Now let us look at the amounts of vitamin C aua#ato northern latitude foragers.
Circumpolar peoples did, of course, have some adogslant foods, some such as berries quite
rich in vitamin C; but, aside from the stomach emi$ of hares and ptarmigans (see below),
berries collected in summer but frozen for wintee,uand teas made from conifers and certain
other plants, most of their vegetal sources of dc@cid were only available during the
relatively short summer months (Arnason et al.,119897; Cordain et al., 2000:686, their Table
2; Draper, 1978; Nickerson et al., 1973; Spray,288-35). Thus, for the colder months of the
year northern foragers were heavily dependent aat (g¢) for their vitamin C. The data are
summarized in Table 1 and shown graphically in Fedu(all values are for raw meatl()).

***INSERT TABLE 1 ABOUT HERE***
Table 1. Vitamin C content for various aquatic #&destrial animal resources by body portion.

All values are for raw meat and organs expressatgif100 g. Published sources are indicated in
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bracket$
*»**INSERT FIGURE 1 ABOUT HERE***

Figure 1. Vitamin C content (mg/100 g) in aquatid &errestrial animals by taxonomic group
and body portion (raw).

What is perhaps most surprising about the vitathoontent of meats(l.) is how little
there is in muscle. Instead, by far the highesteatrations are found in the internal organs and
brain. Interestingly, this also seems to be the @asnarine and freshwater fish (Fediuk, 2000;
Moreau and Dabrowski, 1998:10282; Rios-Duran e2806:150, their Table 1; Rodahl, 1949).
This seemingly minor nutritional “shortcoming” ofuscle meat raises an important point about
the way archaeologists often think about the trartggiecisions of northern latitude hunters in
the past. Archaeologists place great stock initytihdices,” such as Binford’s (1978&)odified
General Utility IndexMGUI), and Metcalfe and Jones’s (1988) more réeaad simplified
Food Utility Index(FUI). Both of these indices, while also incorgorg marrow and grease in
their derivation, nonetheless give considerablaiteio the amount of (muscle) meat that is
present in the different anatomical parts of amahi Using either index, the femur (i.e., the
element associated with the thigh muscles or “hamisierges as the number one anatomical
unit in the typical ungulate carcass (i.e., itskren100% when the indices are standardized). Yet,
in most wild ungulates this is not only one of lbanest cuts, but also one that is largely devoid
of vitamin C. As a consequence, traditional norhszoples often fed the thigh meat to their
dogs! By implication, it seems very likely thaty faoth Eurasian Neanderthals and their Upper
Paleolithic successors, the principal value offémur as a food derived, not from its associated
muscle mass, but from its substantial content sfit marrow (Morin, 2007; Morin and Ready,
2013).

For themselves, the hams are either fed to the, ddgsh must have their
share, or cut up for drying. The white man’s “cleoauts” are not the
Eskimo’s or the Indian’s favorites, and as a rukersot the first choice of
the out-door man who is cooking in the field witinptive appliances.
(Anderson, 1918:61)

It is seldom among the Alaska and Mackenzie Rikirgos that caribou
hams are eaten when there is enough of other Meatams, some of the
entrails, the lungs and liver, the outside meanftbe neck and brisket,
and the tenderloin are the food of the dogs. (8tsfan, 1921:232)

One leg of meat after another was buried in thevsnith the flat side to
the heat; this was the food for the dogs, whicét fiad to be thawed out....
When the pot was empty, we each put to good usttliteroasting on our
respective spits. Here, too, only the meat nedéinesbone is eaten, the
coarser cuts, such as would be used as a “roastivitiged people, being
eliminated and thrown to the dogs. The true delesaconsist of liver,
heart, kidney, fat, marrow, breast, and head aboar (Ingstad,

1992:186)
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Binford (1978) echoes these earlier observatioosng that the Nunamiut on numerous
occasions used dried (muscle) meat, including agsieds cut from the thighs or “hams,” as dog
food rather than as human food.

There is one thing that is troubling about thd&tsson quote. He explicitly includes
caribou Rangifer tarandugliver among parts usually fed to the dogs rathan to humans,
despite the fact that this organ is an excellents®of vitamin C. That Stefansson’s view of the
liver is not merely an editorial lapse is showntly fact that he reiterates this same position
elsewhere in his writings (e.g., Stefansson, 1986B:236, 316). We’'ll probably never know how
and why he came to this conclusion, but it runswteuto the opinion expressed in all of the
northern latitude dietary and nutritional studie®hsulted (e.g., Fediuk, 2000; Kuhnlein et al.,
2006; Sinclair, 1953:72), not to mention scorestbhographic and ethnohistoric accounts, both
New World and Old World (e.g., Burch, 1988:68; ExJI1969:71, 73—74; Ingstad, 1992:186,
258). Caribou and reindeer livers were often eednor frozen, and sometimes after first being
fermented or putrefied. Banfield (1957) summarihesissue succinctly, not only emphasizing
the importance of caribou liver in the diet of mamn peoplescpontra Stefansson), but also
echoing the sentiment expressed by those quotédrahat the hind end of an ungulate like
caribou, despite its obvious “meatiness,” was rotegally ranked as highly by traditional arctic
and subarctic foragers as archaeologists wouldoexpe

The primary human use of caribou is for meat. WArappers choose the
hind quarters, Eskimos prefer the head and ribdiagil agree that the
tongue is the greatest delicacy, being only shgstiperior to the liver.
(Banfield 1957:13)

It is clear from Table 1 and Figure 1 that an alisninternal organs, not its muscles or
its fat deposits, provide by far the most importsmirces of ascorbic acid (Hassan et al.,
2012a:4). In fact, the richest sources of thisaitaare the adrenal, thymus, spleen, and pituitary
glands (Harrison and May, 2009; Hediger, 2002;ksahy, 1933). Other important sources are
the brain and liver. Some fish roe may also be inchitamin C (see below), asnsuktukor
mattak the skin and underlying blubber of certain whdthe term is sometimes also applied,
particularly in nutritional reports, to the skindablubber of other marine mammals such as
walruses; e.g., Andersen, 2005; Fediuk, 2000; langKuhnlein, 1987:107). In point of fact,
the vitamin C appears to be concentrated primarithe skin or epidermis, much less so in the
blubber, which often has negligible or marginal ams. Since Middle Paleolithic exploitation
of fish—and hence fish roe—and marine mammals séetave been sporadic at best, limited
largely to coastal regions, and relatively latesth potential sources of vitamin C are more
relevant to Upper Paleolithic and later forageesitto Neanderthals (Hardy and Moncel, 2011;
Richards and Trinkaus, 2009; Stringer et al., 2008 not surprising that northern foragers
prioritized fat rather than muscle in order to avaihat has often been called “rabbit starvation,”
the deleterious effects of excessive protein irggpeth, 2010), but it is also clear that these
foragers had to target the internal organs of iy in order to assure that their intake of
vitamin C was adequate. Thus, as already notetsausking the femur, arctic and subarctic
foragers may often have considered an animal’satiygeld of (muscle) meat less important
than its internal organs, body fat content, andhetsehighly useful hide (see discussion in Speth,
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2013h:181-182, 2018:212-213). We need to keep ttwesplexities in mind when using utility
indices to decipher Neanderthal and later butcheaivd transport decisions in the colder reaches
and climes of Pleistocene Eurasia.

The muscle meat from horses (equids) deservei@licomment. Horses were widely
hunted throughout much of Eurasia during the Midolid Upper Paleolithic and were clearly an
important food resource for both Neanderthals andem humans (Morin et al., 2016). Not
only do equids provide a valuable source of monatumated and polyunsaturated lipids,
includinga-linolenic acid, an essential omega-3 fatty acidi(&@uerrero et al., 2013; Rossier
and Berger, 1988:37), but there are hints in tieediure that horsemeat might also be useful as
an antiscorbutic. If true, horsemeat would be wnthe muscle meat of most other ungulates,
which is widely considered to be, at best, a veaygmal source of vitamin C. One such hint is
historical in nature. During Napoleon’s 1801 Eggptcampaign, his military surgeon,
Dominique-Jean Larrey, used fresh (unsalted) hoeagmmostly from young Arabian horses, to
treat several thousand soldiers stricken with scgrall, 1814:390-393; Wangensteen et al.,
1972; Wood, 2008). The other piece of evidence ssifjgg that horsemeat (i.e., muscle) might
have more than trace levels of vitamin C comes faostudy by Rossier and Berger (1988:38),
who report a value of 3.4 mg/100 g (for unspecifisgat cuts).

But there are reasons to question the value afemoeat as an antiscorbutic. For one thing,
Larrey doesn’t make clear exactly what he includeder the heading of “horsemeat.” Was it
only muscle meat or did it include internal orgasswell? Larrey also fed his patients a variety
of foods, drinks, and liquid concoctions, includiaigeast some lemons and some unspecified
bark, so it is impossible to know how much of tlitamin C actually came from horsemeat as
opposed to other sources (Hall, 1814:390—393). Mae in addition to the vitamin C value
published by Rossier and Berger (1988), | have gh#o find only two other values for raw
horsemeat (Lee et al., 2007:72; Nutrition MonitgrDivision and Anderson, 1989:202), and
these are “not detected” (fdit. longissimus doranuscle) and 1 mg/100 g (for unspecified meat
cuts), respectively. Finally, it is worth pointiogt that there are numerous studies of the B
vitamins in horsemeat, while studies of its vitar@itontent are noteworthy for their scarcity.
This fact alone, in my view, suggests that the feusssue from equids is not a viable
antiscorbutic. Of course, the only way to clarthjstissue is through additional analyses.

There are two small animal resources we haveoyebiisider that may have become
important, especially during the Upper Paleolitlide,their content of vitamin C. These are
ptarmigansl(agopusspp.) and hares.€pusspp.) (e.g., Conard et al., 2013:180, 184; Motin e
al., 2016). Given their small size, these animaisilal not have been major sources of calories
except when captured in considerable numbers (st 1973:133). Ptarmigan, depending on
speciesl(agopus lagopuandL. mutu3, sex, and season, typically weigh only about &gfo
0.65 kg (Angerbjorn and Flux, 1995; Best and HefB84; Crile and Quiring, 1940:226;
Mortensen et al., 1985:26; West and Meng, 1968:448untain and Arctic harekepus timidus
andL. arcticus respectively, are somewhat heavier, falling betwabout 2.5 kg and 3.5-4.5 kg;
Crile and Quiring, 1940:247; Hewson, 1968:251)riiatgans and hares were often regarded by
indigenous peoples as “starvation foods,” partidylat times or in contexts where they had
limited access to their “preferred” resources—argnie caribou, fish, or marine mammals.
Moreover, ptarmigans and hares were most heavpioérd during the harshest months of the
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year—winter and early spring (Burch, 1988:73—-7@ediman, 1934; Hall, 1969:77; Irving et al.,
1967:77-78; Magdanz et al., 1967; Nansen, 189343N8Ison, 1973:133; Soffer, 1985:342—
343). And, of course, having to subsist on theasmly lean meass(l.) of hares in the arctic and
subarctic gave rise to the expression “rabbit si@on,” a debilitating and potentially life-
threatening condition brought about by a diet ifisight in non-proteincalories (Stefansson,
1960:30). And finally, as is the case with musdsue generally, the flesh from these animals
has negligible amounts of ascorbic acid (see Taple

Despite their diminutive size, these putativelyahginal” foods may have been critical to
the survival of northern foragers, not just forithygeld of calories during tough times, but
because of the precious vitamin C content of tigesta or chyme in their stomachs. As already
noted, caribou and reindeer stomach contents wegedntly eaten in the arctic and subarctic,
and may have provided a valuable source of partitifjested carbohydrates as well as B
vitamins (Kuhnlein and Turner, 1991:24). But beeaokthe elevated pH in the ruminant
stomach (typically falling between 5.5 and 7.5) straf whatever vitamin C may have been
present in the forage disappears within a mattéoafs once it reaches the rumen. Not so with
ptarmigan and hares, whose stomach contents—atitg tase of ptarmigan, all of the entrails
as well—were also frequently eaten (Andersen, 2Qbeeke, 1987:20; Palsson, 2001:291;
Rodahl, 1949; Schaefer, 1981:113). Nansen (189393Iprovides a vivid description of the
relish with which Greenland Eskimos devoured theards of ptarmigans, while at the same time
viewing their fat-poor flesh as famine food: “Anettdish, which will doubtless shock many
Europeans, is the entrails of ptarmigans. In thseahey do not confine themselves to the
stomachs, but devour in a twinkling the viscerdwtiiteir contents. The remainder of the
ptarmigan they sell to the traders for a pennyess...” The pH in the ptarmigan’s stomach (both
proventriculusand gizzard), as in most other birds, averagesdsst about 1.0 and 2.6,
sufficiently acidic to preserve the vitamin C irethird’s food (Denbow, 2000; Farner, 1943,
1960; Joyner and Kokas, 1971; Koelz, 1992; SmiB8)9And like other monogastrics, including
humans, lagomorph stomachs are also very acidib,pid values ranging between 1.0 and
about 2.0 or 2.5 (Brewer, 2006:10; Cheeke, 19871:2Das and Gidenne, 2005; Smith, 1965; Yu
and Tsen, 1993:271).

So, based on pH values, whatever vitamin C mgyégent in the foods eaten by
ptarmigans and hares stands a good chance of pegagrved in their stomachs. Unfortunately,
after an extensive search of the literature, | waable to find any published vitamin C values for
the stomach contents of ptarmigans and only onbdwes (see Table 1). So what follows is
clearly speculative until actual measurements becawvailable. Nevertheless, the potential is
there, since the levels of ascorbic acid in thegypial plant foods eaten by these animals during
winter and spring, the months when scurvy posegithatest threat to northern foragers, is quite
remarkable (Gustafson, 1954; Rodahl, 1944). Nqirsingly, the diets of both ptarmigans and
hares vary seasonally and geographically, but akgpecies belonging to just two genera of
brushy or shrubby plantsSalix (willow) andBetula(birch)—figure very prominently in their
diets (Angerbjorn and Flux, 1995; Best and Hengg4t Gasaway, 1976; Pulliainen, 1972;
Pulliainen and Tunkkari, 1987; Weeden, 1969; WastMeng, 1966). Both animals eat the
leaves, buds, stems, twigs, and bark of theseglalnwever, with the exception of newly
emerged willow leaves and tender young shoots @athye spring (Ager and Ager, 1980:34;
Heller, 1966:29-30), most parts from these plgmsticularly as they mature, become largely or
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entirely inedible. But once partially digested lre tstomachs of ptarmigans and hares, the chyme
may prove to be an excellent winter-spring soufogtamin C.

Finally, there is one other resource that may heee®me important during the Upper
Paleolithic—fish roe. A diversity of evidence (e.g@rchaeological, isotopic, artistic) points to the
increasing importance of fish following the MiddPaleolithic (Adan et al., 2009; Richards and
Trinkaus, 2009). If so, it is equally likely thasli roe entered the diet as well, and may not only
have provided an additional source of lipids, mmaably long-chain polyunsaturated fatty acids
such as DHA (Tocher and Sargent, 1984), but alsthen valuable way of obtaining vitamin C
(see Table 1). I should point out, however, tHadve found only a few published sources that
document the vitamin C content of roe actually usedood by traditional Inuit or other
northern peoples. Two of these studies (Fediuk e2@02:229 and Rodahl, 1949:38) found very
high vitamin C levels (nearly 50 mg/100 g and 25108 g, respectively), while a third (Mann
et al., 1962:72) found more modest values rangiog fas low as 2 to as high as 13 mg/100 g,
with an average of 7.5 mg/100 g. Though Mann & ahlues are not high, even fish roe with a
vitamin C content of 7 or 8 mg/100 g is nearly egioto fulfill the minimum requirement
needed to stave off scurvy. And the levels repdote&ediuk and Rodabhl, if verified by future
studies, would constitute truly “rich” sources foragers subsisting for part or all of the year on
a heavily meat-base diet.

In contrast, scattered throughout the more geflistedries and food science literature
there are a fair number of reports of ascorbic bdls for fish roe that are much lower, in fact
often below 1.0 mg/100 g (e.g., Bledsoe et al. 32887). Why there should be such a
tremendous range in values remains unclear. Fediak (2002:222) comment at some length
on this issue, and suggest that much of the véitiabkely arises from differences in sample
selection and preparation, as well as problems @itferimental protocols and measurement
procedures. So, to be honest, | cannot say witgtinat roe was a major source of vitamin C
for fish-using northern foragers or for their artoesin the Upper Paleolithic, but it remains a
possibility worth looking into further.

Among ethnohistorically documented foragers irddemperate and more northerly
latitudes, roe was often eaten raw, in fact fretjyesgueezed directly from the freshly caught
fish. This of course would assure the viabilityndfatever vitamin C might be present in the eggs.
Interestingly, however, the pH of raw roe acrospectrum of different species is quite high,
with values typically falling between 5.5 and 6Bekhit et al., 2009:321; Bledsoe and Rasco,
2006:161-18; Bledsoe et al., 2003:347; Himelbloow @rapo, 1998:627). At such high pH
values, the vitamin C in the roe would probablysitate quickly. It is perhaps not surprising,
therefore, that the most common practice througtiwuarctic and subarctic was to deliberately
ferment or putrefy the roe in above-ground boxesags, or in underground pits. As already
indicated, this approach would lower the resourpéisnot only inhibiting the germination of
Clostridiumspores, but also greatly enhancing the likelihtbed its vitamin C content would
not be lost, as well as reducing the chances liegpolyunsaturated lipids in the roe would
become rancid (de Laguna, 2000:287; Elliott, 188+3; Jewitt, 1849:88; Morice, 1909:597;
Spray, 2002:38).
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5. Vitamin C and Food Processing

As already discussed, the surest way to get enaiteginin C when living on a heavily
meat §.1)-based diet is to religiously consume the organsjust the muscle meat, and to eat
both either fresh and raw, or frozen. But we hdse alluded to the costs of these practices. Raw
meat §.1.), whether fresh or frozen, is not only tough antetconsuming to chew, it is much
more costly to metabolize than cooked medf)( Cooking serves as a way of “pre-digesting”
meat §.1) before it is ingested, by softening the food dadaturing the proteins, breaking them
down into their component peptides and amino a@adback et al., 2007; Carmody et al., 2011,
Carmody and Wrangham, 2009; Dietz and Erdman, 1986th, 2010; Williams and Erdman,
1999). On the other hand, cooking increases tlediiod that some or all of the vitamin C will
be lost or degraded, the magnitude of the lossrikpg on how long the food is cooked, the
temperatures that are reached, and whether théngpiokvolves boiling. Since most animal food,
whether terrestrial or aquatic, marine or lacustrocontains relatively little vitamin C to start
with, any further loss can be nutritionally sigoént.

An alternative strategy is to deliberately putréfg meatg.l.), a technique frequently
used, even today, by foragers in the arctic andrstib: “...Eskimo tribes often live for several
months in succession on putrid meat or fish witrewér developing scurvy, while Eskimos
working for white men or living on purchased praeis have it quite as readily as Europeans
living on the same sort of diet” (Stefansson, 19T87). As explored in some detail in Speth
(2017), once an animal is killed and it no longeaves in oxygen, aerobic bacteria in the body
cavity and tissues rapidly deplete the remaininggex supply and are replaced by obligate and
facultative anaerobic forms, including various speegof lactic acid bacteria (LAB). One
outcome of this turnover in the microflora is arsfigant lowering of the pH, creating an
environment favorable to the preservation of whatestamin C was originally present in the
(muscle) meat and organs. Traditional Inuit oftetrgfied meat and fish in below-ground pits
which they deliberately lined with highly acidicalees, a practice that would not only contribute
to the stability of the vitamin C, but might alseljh create or maintain an environment favorable
to the desired microflora (Spray, 2002:34-35). €fattion also offers many of the same benefits
that one gets from cooking: it effectively “pre-dgds” the meats(l.) before it is ingested,
softening it and denaturing the proteins, breakimggm down into peptides and amino acids
(Fadda et al., 2002; Forbes et al., 2017; Ordéndzla la Hoz, 2007; Petdja-Kanninen and
Puolanne, 2007). Moreover, the anaerobic environméibits oxidation of the fats (i.e.,
prevents them from going rancid), and the putrégagbrocess begins the breakdown (lipolysis)
of the lipids, liberating a range of nutritionabgneficial free fatty acids (Forbes et al., 2017,
Vasundhara et al., 1983).

Thus, putrefaction accomplishes many of the sdnimg$ as cooking, but without the
need for fire, and hence without the need for flrehorthern latitudes, dead wood suitable for
firewood is often a scarce resource; and even wioad is abundant, as in the boreal forests of
the subarctic, it may often be too green or tootadturn effectively (Henry et al., 2018). Unlike
the Inuit, most Neanderthals and their Upper Pdleolsuccessors would rarely have had access
to combustible oil from marine mammals, and at §mmy have found it necessary to rely on
bones as a substitute fuel (Costamagno et al.,;2008n, 2010). This practice of course would
have precluded their use as a source of dietadslipvhether by consuming crushed bone-meal
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directly or by rendering the fat from the cancefidissue of the bones.

Interestingly, the methods used by traditionatimenn foragers to putrefy meatl() and
fish, such as storage in pits, wooden boxes, mmwjs and rivers, rock cairns, and seal pokes,
created an environment that was hostile to invagathogens, keeping both mest) and fish
safe to eat for weeks, even months or longerpitssmell and maggot infestations
notwithstanding (Alakomi et al., 2000; AxelssonP20Caplice and Fitzgerald, 1999; de Moreno
de LeBlanc et al., 2015; Fadda et al., 2002; Faet#t., 2014; Frink and Giordano, 2015;
Holzapfel and Wood, 2014, Liu et al., 2014; Ray doshi, 2015; Riley and Chavan, 2007; Ross
et al., 2002; Singh et al., 2012; Stadnik argk&, 2015). In fact, there is no evidence thattinui
or northern Athabaskan (Dené) peoples suffered trathreaks of botulism—a debilitating and
often deadly condition brought on by a neurotoxiodoiced byClostridium botulinum—until the
1970’s and 1980’s, when well-intentioned Euroanasrgintroduced more “sanitary” methods
such as sterilized plastic bags and bottles in lwtogutrefy their animal foods (Chiou et al.,
2002; Fagan et al., 2011; Shaffer et al., 1990pakently, by sterilizing the containers the
microfloral community or ecosystem (bacterial anoby@ably also fungal), that previously had
maintained an environment sufficiently acidic (pldlWoelow 4.5) and inhospitable for
Clostridiumspores to germinate, was disrupted, turning petteheat $.1.) and fish, once safe
to eat, into dangerous and potentially deadly fd@tewn, 2000:159-160; Kastman et al., 2016;
Lund and Peck, 2013:106-107; Plowman and Peck,:@8892Zhang et al., 2018; Rachel
Carmody, personal communication, June 2018).

What about the disgust response that most Euraeamsrexperience when they
encounter rotten meat.() (e.g., disapproving facial expressions, gag xefrausea)? Many
psychologists over the years have argued thatesmuision to common disgust elicitors, such as
rotten meatg.l.), maggots, feces, vomit, and urine, comes harddnat birth, very likely
selected for as a mechanism to protect infants frg@asting dangerous pathogens, especially
during the vulnerable immediate-post-weaning perddre recent studies, however, suggest
that children may not even recognize a disgustoresp or be able to distinguish it from anger,
until they are at least five years old, and propalbiier, clearly well beyond the critical post-
weaning period (Herz, 2012:46—-47; Rozin et al.,82065; Widen and Russell, 2010). Instead, it
increasingly looks as though the substances tlwit thle disgust response are culturally
demarcated and learned in early infancy, not gealgtibased universals (Liberman et al.,
2016:9480; Rottman, 2014). One example selected frandreds of similar observations in the
ethnohistoric literature beautifully illustratesethbsolute relish with which northern foragers
regarded thoroughly putrid, foul-smelling, maggafested meats(l.).

Ikwa...returned in a jubilant frame of mind, andchannced his discovery
of a cached seal. He asked Mr. Peary if he mighgtihe seal to

Redcliffe in the boat, saying it was the finestckof eating for himself

and family. We could not understand why this pattc seal should be so
much nicer than those he had at Redcliffe; buteasdemed very eager to
have it, we gave him the desired permission, ahtlestarted, saying that
he would be back very soon. About half an hour ltte air became filled
with the most horrible stench it has ever been rnisfartune to endure,
and it grew worse and worse until at last we weredd to make an

17



investigation. Going to the corner of the cliff, w@me upon the Eskimo
carrying upon his back an immense seal, which kadyeappearance of
having been buried at least two years. Great fgigots dropped from it at
every step that lkwa made, and the odor was réeattiple. Mr. Peary told
him that it was out of the question to put thahghin the boat; and, indeed,
it was doubtful if we would not be obliged to hahg man himself
overboard in order to disinfect and purify him. Blis child of nature did
not see the point, and was very angry at beingyetlto leave his treasure.
After he was through pouting, he told us that tleeendecayed the seal the
finer the eating, and he could not understand wékould object. He
thought the odor ‘pe-uh-di-och-soah’ (very goodpiebitsch-Peary,

1894: 59-60)

6. Summary and Conclusions

Vitamin C is a vital nutrient essential for norneallagen formation and for many other
functions. With insufficient vitamin C over a peadiof about 2—3 months, an individual will
likely fall victim to scurvy, a debilitating diseashat almost inevitably ends in death if the
vitamin shortfall is not alleviated. Even thougle thinimum amount of the vitamin needed to
stave off scurvy is only about 10 mg per day, thereery little vitamin C in either muscle meat
or in fat. So, if northern hunter-gatherers praiéedly targeted the “meatiest” parts of the
animal—the muscle masses that archaeologists tiypméoritize in their thinking—these
foragers would probably have disappeared from ¢lkeaesin fairly short order. The calories and
protein from (muscle) meat and the non-proteinroadofrom fat are clearly essential to survival
in the north. But so too is vitamin C. And in orderassure adequate intakes of ascorbic acid,
they had to prioritize the brain and internal oggrarticularly the adrenals, spleen, pituitary,
thymus, liver, and even the testes and eyespkrisaps not all that surprising, then, that Inuit
commonly used the (muscle) meat from the elemetfit the highest meat or food utility—the
femur—as dog food, not human food. Speculating,heigeven conceivable that Binford’s
(1978) originalDrying Utility Indexand Friesen’s (2001) revisétkat Drying Indexnight
better serve as proxies for (muscle) meat that msawginal value to northern foragers, precisely
because of its lack of both fat and vitamin C. Wa@uld be an interesting issue to explore
further.

To add to the nutritional difficulties facing nbern foragers, ascorbic acid is the most
labile of the vitamins, easily degraded or lost we&posed to water, air, heat, light, and pH
levels above about 4.0. This means that drying ifsegtfor storage and any form of heat-based
cooking, whether by roasting or boiling, may cdmiie to loss of the vitamin. One can
circumvent this problem by eating the mesat)raw, either fresh or frozen. This has a major
drawback, however, as raw meai ) is energetically much more costly to metabollznt
cooked meatg(l.). The alternative is to putrefy it. Putrefactiamcamplishes many of the same
things that cooking does, but without the needstarce fuel or for vitamin-degrading heat.
Moreover, the bacteria involved in the putrefactiwacess lower the pH, often well below 4.0,
creating an acidic environment that is much moralogive to the preservation of vitamin C.
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It is evident from the ethnohistoric record thatthern foragers were very successful in
avoiding scurvy. It is also clear that they didnath a mix of foodways, sometimes lightly
cooking their meats(l.), sometimes eating it raw while still warm fronetaAnimal’s body, at
other times frozen, and at still other times ilmarbughly putrid state. These strategies were not
mutually exclusive and were often used in conjunctvith each other or in close succession.
Unfortunately, we still lack sufficient informatido make any sort of predictive statements
about when northern foragers might rely more hgaoiil one or another of these strategies.
However, a closer and more thorough reading oéthaohistoric literature might reveal some
rewarding insights into how these different praegdidit together into an overall food system.

To the extent that Neanderthals, as well as molaenmans in the Upper Paleolithic, had
to subsist for extended periods of the year oreattat was heavily meat.()-based, they too
almost certainly faced the threat of scurvy (Guile@ero, 2017). But unlike the conclusions
drawn by Guil-Guerrero, | suspect that Neanderthatsessfully figured out how to cope with
the problem, much like their more modern descersdably systematically consuming the
organs and brains of their prey, by frequentlyrgatheir foods raw, perhaps at times frozen, and
sometimes very lightly cooked. It is also very likthat they too ate some of their mest.)
thoroughly putrefied. Putrefaction is probably thest effective strategy for preserving the
vitamin C while at the same time minimizing theaza costs of metabolizing the protein and fat.
At the moment, all of this remains rather specu@atBut perhaps by explicitly laying out these
expectations, it will give biochemists, molecul&lbgists, microbiologists, and other specialists
a clear research target that they are far bettéppgd to address than we archaeologists.
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Table 1. Vitamin C content for various aquatic érdestrial animal resources by body portion. Allues are for raw meat and organs expressed

in mg/100 g. Published sources are indicated iokats®

MARINE MAMMALS

Ringed SealRusa hispida = Phoca hispida = P. foetida)

Meat
Liver
Brain
Pancreas
Heart
Eye
Testis
Thymus
Blood
Blubber

Mattak [Muktuk] [Epidermis]

1.6 [F], 0.7-2.0 [A], 3.0 [G]
23.8[F], 11.9-18.0 [A], 35.0 [G], 18.0 [Ho]
149 [F]
7.0 [A] [Ho]
2.0[A] [Ho]
3.2[F], 10.0 [A]
9.4 [A]
26.0 [A]
0.0 [F], 3.0 [Ho]
0.0 [Ho]
03.0 [A], 17.0 [Ho]

Bearded sedErignathus barbatus)

Meat 01.0 [G], <0.5 [Hi]
Liver 9.0 [H
Beluga Whale Delphinapterus leucas)
Meat (dried) 1.1 [F], 4.2 [St], <1.0 [H]]
Liver 16.2 [St], 19.0 [Hj]
Kidney 8.1[St
Brain 18.0 [St]
Pancreas 22.0 [St]
Heart 6.4 [St]
Adrenal Gland 97.3 [St]

Mattak [Muktuk] [Epidermis]

36.0 [F], 38.0 [G], 3B[St], 25.0 [H]]

Blubber 5.0 [G], 5.3[St]
Narwhal (Monodon monoceros)
Meat <0.6 [H]]
Mattak [Muktuk] [Epidermis] 31.5[F]
Walrus (Odobenus rosmarus)
Meat 1.0 [F]
Mattak [Muktuk’ [Epidermis 0.7[F]
FISH
Arctic Char Galvelinus alpinus)
Meat (Flesh) 1.2 [F]
Sculpin Myoxocephalus spp..
Meat (Flesh) 1.1[F]
Broad Whitefish Coregonos nasus)
Meal (Flesh 2.8[F]
Atlantic Salmon $almo salar)
Meat (Flesh) 14[R]
Liver 8.9 [R]
Roe 25.1[R]
Cisco Coregonus spp.)
Roe 49.6 [Fe]
TERRESTRIAL MAMMALS
Caribou Rangifer tarandus)
Meat 0.9 [F], 1.4 [G], 0.0 [Ha]
Liver 23.8[F], 11.9 [Ha
Kidney 8.9 [F]
Heart 2.6 [F]
Marrow (Limbs) 0.0 [Ha
Subcutaneous Fat 1.8 [G]
Kidney Fat 0.0 [Ha]
Stomach Contents 1.0 [F]
Polar Bear rsus maritimus)
Meat 1.0 [G]
Domestic CattleBos taurus)
Stomach Contents 0.0 [K]
Mountair Hare Lepus variabilis = Lepus timidus)
Meat 1.3[A], 1.3 [R]
Liver 48 [R]
Kidney 29[R]

Stomach Contents

10.6 [A][R]




Muskox (Ovibos moschatus)

Meat 0.8[R], 1.5[G]
Liver 10.4 [R]
Kidney 5.9[R]
Brain 12.8 [R]
Pancreas 3.9[R]
Heart 15[R]
Tongue 1.0[R]
Testis 18.2 [R]
Eye 0.7 [R]
Amniotic Fluid 0.4[R]
Subcutaneous Fat 0.0[R]
Stomach Contents 0.5[R]
BIRDS

Ptarmigan Ilagopus mutus = L. muta)

Meat 1.7 [F], 1.2 [G], <2.0 [H]]

FA] (Andersen, 2005), [F] (Fediuk, 2000), [Fe] (Fekl 2002), [G] (Geraci and Smith, 1979), [Ha] (idas et al., 2012), [H]] (Hjarde et al.,
1952), [Ho] (Heygaard and Rasmussen, 1939), [K]igKhet al., 1941), [R] (Rodahl, 1949), [St] (Sulfin and Geraci, 1980).



4 Minimum Scurvy
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