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1. Introduction

In 1983, at the International Congress of Anthropological and Ethnological
Sciences in Vancouver, a number of Japanese researchers expressed interest in
stable isotope studies of prehistoric diet. Discussion with them revealed differing
opinions on just exactly what Jomon diet in particular included. Some said that
Jomon diet was based heavily on marine resources, others said that it was based
more on nuts, wild boar and deer. Clearly we did not have all of the answers. As
a result it was decided that the use of stable isotopic analysis, then a new ap-
proach to paleodiet studies, might be a useful tool in dealing with this question.

2. History

The analysis of the stable isotopes of carbon and more recently nitrogen,
from preserved human bone collagen has provided useful information about the
presence of maize versus other terrestrial foods (van der Merwe and Vogel 1978; )
van der Merwe et al. 1981; Bender et al. 1981; Bumsted 1984; Lynott et al.
1986; Schwarcz et al. 1985; Katzenberg and Kelley 1991), and also about the
proportions of marine versus terrestrial food alternative groups as protein
sources in local prehistoric diets, and of dietary change through time (Chisholm
et al. 1982, 1983; Hayden et al. 1987; Hobson and Collier 1984; Koike and Chish-
olm 1988; Schoeninger and DeNiro 1984; Schoeninger et al. 1983; Sealy and van
der Merwe 1985, 1986; Tauber 1981; Walker and DeNiro 1986; and others). In Ja-
pan, stable isotope studies of prehistoric diet have been carried out by Minagawa
and Akazawa (1992), Roksandic et al. (1988), Takamiya and Goldberg (1993),
and by the present authors (Koike and Chisholm 1988, Chisholm et al. 1992).
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Tieszen et al. 1983; Schoeninger 1985). Consequently, the values for meat are
only slightly displaced from those of the foods that the animals eat, which may
allow us to average meat and plants from the same food chains together to form
human’s alternative food groups.

Nitrogen is also metabolized and recombined by the body subsequent to die-
tary intake, with some being incorporated into bone protein, also reflecting the
food source that provided it. As Ambrose (1986) and others have observed, ma-
rine plants have ¢'°N values about 4%o higher than terrestrial ones. Species from
the equivalent trophic levels in marine and terrestrial food chains maintain this
difference. What is particularly useful about nitrogen values is that the inter-
trophic level difference between similar tissues is about 3 to 4% (Minagawa and
Wada 1984; Schoeninger and DeNiro 1984; Ambrose 1986; Schwarcz 1991;
Schoeninger and Moore 1992), which provides for better discrimination of trophic
levels than does carbon, with its inter-trophic level increment of about 1%o.

Unfortunately little is known about the behaviour of nitrogen in fresh water
systems. However, data reported by Minagawa and Wada (1984) and Yoshinaga
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organic tissue that is reliably preserved in sufficient quantity for analysis.

For nitrogen, the increment between diet and consumer gelatin is not quite
as well understood, but seems to be about 4 to 5%.. The information on both car-
bon and nitrogen isotopes in food species is summarized in Figure 2.

3.3 Carbon - protein food chains and the role of carbohydrates

The amino acids from which collagen is assembled are obtained from dietary
materials. While seven of these amino acids are considered essential in the hu-
man diet since humans cannot synthesize their carbon skeletons, the remaining
ones are considered non-essential because their precursors have been shown, in
laboratory experiments, to be derivable from the carbohydrate metabolism (Fal-
coner 1969; Mahler and Cordes 1966; Meister 1965; White et al 1978: 329ff., 678
ff.). However, in normal circumstances protein intake is sufficient to provide non-
essential amino acids as well as essential ones and little or no synthesis is neces-
sary (White et al. 1978: 678). The presence of protein deficiency diseases in hu-
mans also suggests that protein in the diet is the precursor to protein in the
body, and that carbohydrates and lipids do not normally provide alternative
sources of protein components.

If this is the case, then the majority view, that all ingested carbon was de-
posited in a pool from which the carbon necessary for forming amino acids and
thence protein was drawn, is erroneous. Instead, when measuring collagen, we
are concerned with only the protein components of the food chain (Chisholm
1986; Chisholm et al. 1982, 1983; Ambrose and Norr 1993). If we are interested
in making estimates of the role of different carbohydrate sources, sometimes
called energy sources, in the diet, there is increasing evidence that it may be
possible to do so through the analysis of the inorganic / apatite portion of bone.

3.4 Geographic variation in food species

Data from British Columbia (Table 1) show that we may expect geographic
differences in food species values. In that case there is a difference of 0.9%o
between the averages for populations of terrestrial species in northern interior
and southern interior areas of British Columbia. Schoeninger and DeNiro (1985)
also present data that show geographic differences in a number of similar species
collected from various areas around the world. Clearly, geographic differences in
the isotope ratios of food species must be accounted for when determining the
average isotope ratios for the local diet alternatives.

3.4.1 Food species variation in Japan
In view of these potential sources of variation, the first step of any complete
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Fig. 4 Carbon isotope results for western Japan Jomon sites.

ratios. Therefore, the following discussion will be based primarily on carbon iso-
tope ratio data. The nitrogen analysis is still progressing.

Individual human carbon isotope ratio values from Japanese samples range
from —22.0 to —11.7%o, indicating diet values ranging from —26.5%0 (purely Cs)
to —16.3%0, (purely marine). Some sites gave outlying values that make use of
overall mean values misleading, so the outliers should be considered separately.

In western Japan, except for the site of Yamaga, the average reconstructed
diet values at different sites ranged from —23.5 to —21.4%with a few outliers
(Figure 4). Central Japan sites have diet values ranging from as low as —26 to
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Fig. 6 Carbon isotope results for Northern Japan sites.

cates that there is a reasonable amount of variation in the diets of the individuals
examined. When the data are compared with diet alternatives it is clear that, for
both nitrogen and carbon, the average diet contained about 50% marine and 50%
terrestrial species. The effect of C4 species, if present at all, was minimal.

Variation within a site ranges from a minimum of+0.3%. for the Edo Period
cemetery site of Jisho-in, near Shinjuku in Tokyo, to£1.6% at Minami Usu in
Hokkaido. We know from other studies (Chisholm et al. 1983) that the variability
within one population where everyone is eating the same food is quite small
(about£0.3%0) so variability that is greater than this will represent differences in
diet for the people examined, suggesting that the Jisho-in individuals must have
been eating a virtually identical diet. The higher variability for sites such as Mi-
nami Usu suggests considerable local diet variation.

Examination of the data reveal some trends in food resource exploitation.
For Hokkaido populations, average diet values through the Jomon Period were
around —18.5%o, followed by a shift to more positive values around — 17.5%o
(85—90% marine) for the sea mammal hunting Okhotsk people, and then to
more negative (terrestrial) values, around —19.5%o in the Satsumon Period, and
around —20.2 for the Ainu.

In the Kanto region, the data we have are mainly from Jomon sites, so tem-
poral shifts cannot be determined. In Kyushu and western Japan, the diet seems
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5.5 Intra-site differences - Can we see status and / or gender differences ?

5.5.1 Jomon and Yayoi people

Gender and status related differences in diet are not commonly observed, at
least isotopically, for hunter - gatherer - fisher groups throughout the world. Iso-
topic paleodiet evidence, when it does appear in such groups, may perhaps mark
the beginnings of the status and role differentiation found in more complex so-
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213

Time Period

Earliest

Middle

Latest

Latest / Epi

Ainu

Yayoi

sBogo-






Reconstructing Prehistoric Japanese Diet Using Stable Isotopic Analysis

Coastal Sites

a = Uenohara

b = Takenami
¢ = Taniguchi
d = Roji

e = Terashima

Inland Sites
f=Uto3

g = Terayama
h = 11-Yokoana

8 T T T T

T
-22 -20 -18
5°C (%)

Fig. 8 Kyushu Kofun Period site results

The site of Koura in Shimane Prefecture on the Sea of Japan is misleading,
showing evidence of male - female differences in carbon ratios, with seven fe-
males averaging —18.8+0.7%0, and three males, averaging —17.4%.. However,
two males are Kofun Period burials, unlike the females who are from the Yayoi
Period. Thus, we cannot determine if these results indicate gender or temporal
differences in diet.

5.5.2 Kofun people in Kyushu

With the exception of the 11-Yokoana site, people from Kofun sites in inland
locations tend to yield carbon values that are about 1.5%. ore negative (more ter-
restrial) than for people from coastal sites. This suggests that the diet of inland
dwellers was less marine in protein content, as one would expect if people inland
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