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Abstract

The skeletal material from the Classical and Prehistoric period cemeteries of ancient Pella in Central Macedonia, Greece was examined

anthropologically and analyzed for the stable isotopes of carbon and nitrogen. Additionally, the Prehistoric cemetery burials were radiocarbon
dated. The dates define the use of the prehistoric cemetery in the Early Bronze Age period (6600-6050 BC). The anthropological examination and
isotopic analysis provided information on the sex, age at death, dental hygiene and gave interesting insights about the eating habits and access to
food sources in the two periods. The people of the Classical period seem to consume much more foods enriched in animal protein (meat and dairy
products) from the terrestrial environment as evidenced by the increase mainly in §'°N and not particularly §'C, than the EBA people. A certain
differentiation was observed in the diet between men and women in the EBA, with the diet of women being tentatively less enriched in animal
proteins compared to that of men. No difference was observed in the Classical Period which may indicate and improvement in the socio-economic
conditions.
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Introduction

The ancient city of Pella in Central Macedonia, Greece, was an
important centre of civilization in the period from 400 to 168 BC.
During that time, it was the Royal capital of the Macedonian King-
dom, which had been transferred from Aegae (Vergina). The city
served as the seat of Philip Il of Macedon, ruler of the unified Greek
states, and father of Alexander the Great who reached the Siberian
steppes, Hindus River and Egypt, and created the Hellenistic World.
Pella is situated about 40Km northwest of Thessaloniki. Now locat-
ed about 30 Km away from the nearest coast, but when established
as the new capital (about 400 BC), it was a coastal city on the shores
of Thermaikos Gulf. Gradually, the sediments of the Axios, Aliakmon

@ @ This work is licensed under Creative Commons Attribution 4.0 LicenselOA]AA.MS.ID.000606.

and Loudia rivers reshaped the area, closing the bay and creating
in this place a lake that was artificially dried up in 1930 in order
to create cultivation land. The Classical period city was established
near the site of an earlier coastal settlement that flourished from
the Bronze Age and until the new capital was established (Lilim-
baki-Akamati et al. [1], Akamatis [2]). The excavations by Profes-
sor Yannis Akamatis and Maria Akamati of the Aristotle University
of Thessaloniki and the Pella Archaeological Ephorate, brought to
light a cemetery in the Agora district with all of its graves intact
dating to the Classical period, from the late 5th to the third quar-
ter of the 4" century BC (Akamatis [3]), and a second cemetery of
prehistoric period located below the Hellenistic city of Pella (Aka-
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matis [4]) that is most probably associated with an earlier Bronze
Age settlement. The area therefore presents continuous occupation
in different time periods which lend great interest in terms of the
similarities/differences in the diet followed by the successive pop-
ulation groups.

Therefore, the two aforementioned cemeteries presented an
interesting material for studying the diachronic human diet in the
area. Anthropological examination and sampling of the skeletal ma-
terial from both the prehistoric and classical period cemeteries was
conducted. Furthermore, radiocarbon dating was performed in a
series of bone samples from the prehistoric cemetery, whose age
was unknown. The classical cemetery burials were not radiocarbon
dated because their dating in the late 5"-early 4" c. BC is highly
secured based on associated archaeological evidence (Akamatis
[3]), and also because the radiocarbon dates have no precision in
this time period due to well-known plateau in the calibration curve
(Bronk Ramsey [5]).

The stable isotopes ratios of carbon *C/'?C and nitrogen **N /N
in bone collagen are used to study a person’s diet and give infor-
mation about the type of food they consumed during the last ten
years of their life (Ambrose and Krigbaum [6]). The values of these
isotopes normalized to the standard PDB (Pee Dee Belemnite) and
expressed as §'3C and 8N per mil (%o) reflect the protein part of
the diet and can distinguish the consumption of terrestrial plants
and animals from the marine environment ones (Van Der Merwe
and Vogel [7], Howland et al. [8], Miildner and Richards [9]) or from
a mixture of them. In addition, information for the consumption of
various types of terrestrial plants such as C,, C, and CAM can be
also derived (Schoeninger and DeNiro [12]). These plan categories
give different isotopic values because of the different photosynthet-
ic pathways they follow. C, plants are native to temperate regions
(Europe, North America) and include all trees, shrubs and various
grains. C, plants are native to the tropics (Africa, South America)
and include corn, sugarcane and various tropical grasses. In ancient
Greece the only plant of the C, category known to exist from the
Bronze Age is millet which was probably used for animal feed (Vala-
moti [11], Petroutsa [14]). Its use became more systematic after the
Early Iron Age (Triantaphyllou [15]). The CAM category includes
plants that alternately use both photosynthetic pathways depend-
ing on environmental conditions. Some examples are pineapple,
cactus and prickly pears.

Samples and Techniques

The skeletal material of Pella from the cemeteries of the Prehis-
toric and Classical period has been collected during archaeological
excavations in the area of ancient Pella and are stored in the exca-
vation storerooms at the archaeological site. Thirty (30) skeletons
from individual burials were studied. Among the burials in the pre-
historic cemetery, a burial was found whose skeleton belonged to
the Byzantine period as it emerged from the radiocarbon dating.

Anthropological study: Sex and biological age were recorded,
where there were informative skeletal features. Also, dental diseas-
es (caries, calculus, periodontitis) were recorded in those skeletons
with preserved jaws and teeth.

citation: M Maniati, Th Pitsios and Y Maniatis*. Investigation of the Human Diet in Pella (North Greece) from the Prehistoric to the
Classical Period Using Stable Isotopes and Radiocarbon Dating. Open Access ] Arch & Anthropol. 5(2): 2023. 0AJAA.MS.ID.000606.

DOI: 10.33552/0AJAA.2023.05.000606

Radiocarbon Dating: Fifteen samples of bone were collected
from different well-stratified burials in the prehistoric cemetery of
Pella. In two cases where there were two burials in the same grave,
samples were taken from both (upper and lower skeleton). The
samples were processed at the radiocarbon unit of the Laboratory
of Archaeometry, NCSR “Demokritos” which uses the Gas Propor-
tional Counting technique (GPC). The spongy bone and any encrus-
tations were removed with a lancet. The samples were then washed
with deionised water and put in an ultrasonic bath to remove soil
or dirt precipitations. This was followed by chemical treatment
(Acid-Base-Acid) to extract the collagen and gelatinize it and then
combustion to turn the samples into CO,. For the full treatment and
measurement protocols used in the Laboratory see (Maniatis and
Ziota 2011; Maniatis et al. [16]). The calibration of the radiocar-
bon dates was done with the program OxCal v.4.4.4 (Bronk Ramsey
2021).

Stable isotope analysis: Thirty bone samples were collected
from different burials in both cemeteries. The bone samples were
cleaned mechanically externally and internally removing the spongy
substance of the bone which is more vulnerable to contamination
from the burial environment. Then the samples were treated with
0.6N hydrochloric acid at a temperature of 4°C until the inorganic
part was dissolved and the organic part (collagen) remained. A light
treatment with potassium hydroxide (0.6N) was also applied to re-
move possible humic acids absorbed from the soil and then a brief
treatment with 0.6N hydrochloric acid again. The samples were
then transferred to an aqueous phase and a lyophilizer was used
to dry the collagen. The now purified collagen was weighed to load
the samples into the mass spectrometer (IRMS). Before introducing
the samples into the mass spectrometer, the sample passed through
an elemental analyzer where the total amount of carbon (C) and
nitrogen (N) was measured.

Results and Discussion

Radiocarbon Dating

The radiocarbon results from the 15 dated bone samples are
presented in Table 1. They come from different graves, except sam-
ples 1 & 2 and 3 & 4 that come from the same grave containing two
skeletons one above the other (upper and lower). The radiocarbon
age (BP) is shown as well as the calibrated age ranges for 1o (prob-
ability 68.2%) and 2o (probability 95.4%). Figure 1 shows the cal-
ibrated probability distributions ordered from older to younger BP
age. Some dates have a rather large uncertainty because the amount
of collagen extracted was small. As can be seen sample DEM-1972
gives a date in the historic period, which can be classed in the Byz-
antine/Early Christian period and probably presents an intrusion
grave in the prehistoric cemetery. Figure 2 shows the calibrated
ages ranges of only the prehistoric dating samples. The samples
from the same grave are plotted one after the other for comparison.
The dots represent the weighted mean value of the calibrated age
range. The expression “Sum” at the bottom of the plot represents
the accumulated probability ranges for all the samples.

This is shown better in an expanded plot of the “sum” in Figure
3. From this plot it can be seen that the overall time of use of this
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cemetery ranges approximately from 2660 BC to 2050 BC. These
dates define the use of the cemetery in the Early Bronze Age (EBA)
and more particularly in the middle and lower part of it (Arvaniti
and Maniatis [17]). They compare to the earlier part of the EBA/
MBA cemetery of Koilada-Xeropigado in West Macedonia (Maniatis
and Ziota 2011). The Pella cemetery starts earlier (2600 BC) than
the Koilada-Xeropigado (2400 BC), but it does not continue in the

MBA as the latter. From the “sum” diagram (Fig. 3) it can also be
seen that the period of most intense use of the cemetery is approxi-
mately 2500-2300 BC. Regarding the two burials in the same grave,
the upper burial (7/21) seems to have occurred soon after the low-
er burial (7/20) (Table 1, Figure. 2). However, the upper burial in
the other grave (7/37) seems to have occurred about 100 years lat-
er than the lower one (7/40) (Table 1 & Figure 2).

Table 1: Radiocarbon dating results of the Pella prehistoric cemetery burials (Pella Kanali)

Sample-1
pe- 2275 - 2040 BC (68.3%)
DEM-1953 Grave: 07/21 Human Bone 3745 + 48 -18.53 2300 - 1980 BC (95.4%)
(upper burial)
Sample-2,
; ) 2205 -2055BC (68.3%)
DEM-1954 Grave: 07/.20 Human Bone 3744 + 30 19.33 2285 - 2035 BC (95.4%)
(lower burial)
Sample-4,
. ) 2450 -2210BC (68.3%)
DEM-1974 Grave: 07/.37 Human Bone 3856 + 30 18.63 2460 - 2205 BC (95.4%)
(upper burial)
Sample-3, 2570 - 2295 BC (68.3%)
DEM-1955 Grave: 07/_40 Human Bone 3935+ 74 -16.25 2630 - 2150 BC (95.4%)
(lower burial)
Sample-12, (68.3%)
DEM-1995 Grave: 07/34 Human Bone 3874 + 30 -17.81 ;izg : 5322 gg
(lower burial) (95.4%)
_ Sample-5, ) 2833 - 2497 BC (68.3%)
DEM-1982 Grave: 07/6 Human Bone 4063 £ 32 15.81 2850 - 2486 BC (95.4%)
. Sample-10, ) 2465 - 2345 BC (68.3%)
DEM-1991 Grave: 07/58 Human Bone 3902 + 30 19.16 2470 - 2290 BC (95.4%)
Sample-11, 2285 - 2140 BC (68.3%)
DEM-1994 Grave: 07/41 Human Bone 3782 + 30 -19.39 2335 - 2050 BC (95.4%)
) Sample-8, ) 2470 - 2345 BC (68.3%)
DEM-1985 Grave: 07/50 Human Bone 3922 + 30 18.54 2555 - 2290 BC (95.4%)
_ Sample-9, ) 2455 -2210 BC (68.3%)
DEM-1990 Grave: 07/47 Human Bone 3858 £43 18.83 2465 - 2200 BC (95.4%)
Kanali str., 2455 - 2285 BC (68.3%)
DEM-2479 Graves 12/12b, 12/3835 | HumanBone | 386835 11840 2465 - 2205 BC (95.4%)
Kanali str., 2834 - 2506 BC (68.3%)
DEM-2476 Grave: 12/04,12/3824 | [umanBone 4079 £30 -18.09 2856 - 2495 BC (95.4%)
Kanali str., 2569 - 2487 BC (68.3%)
DEM-2477 Grave: 12/08a, 12/3g27 | |luman Bone 4010+30 1841 2617 - 2468 BC (95.4%)
Kanali str., 2579 - 2490 BC (68.3%)
DEM-2478 Grave: 12/09,12/3830 | TumanBone 4032£30 1833 2625 - 2473 BC (95.4%)
_ Sample-14, ) 248 - 352 AD (68.3%)
DEM-1972 Grave: 07/7 Human Bone 1747 +30 19.33 241 - 401 AD (95.4%)

citation: M Maniati, Th Pitsios and Y Maniatis*. Investigation of the Human Diet in Pella (North Greece) from the Prehistoric to the
Classical Period Using Stable Isotopes and Radiocarbon Dating. Open Access ] Arch & Anthropol. 5(2): 2023. OAJAA.MS.ID.000606.

DOI: 10.33552/0AJAA.2023.05.000606

Page 3 of 10


http://dx.doi.org/10.33552/OAJAA.2023.05.000606

Open Access Journal of Archaeology & Anthropology Volume 5-Issue 2

e N
OxCal wd.4.4 Bronk Ramsey (2021); 5 ic data from Reimer et al (2020)
DEM-19[72, 07/7 R_|Date(1747,30) e
DEM-1953, 07/21 R_Date(374%,48) —ada.
DEM-1954, 07/20 R_Date(3744,30) afBa
DEM-19p4, 07/41 R_Date(3782,30)

DEM-19p0, 07/47 R_Date(3858 43)
DEM-19[4, 07/37 R_Date(3856,30)
DEM-1965, 07/40 R_Date(3935,74)
DEM-24[9, 12/12b R_Date(3868,35)
DEM-19p1, 07/58 R_Date(3902,30)
DEM-19p5, 07/50 R_Date(3922,30)
DEM-19p5, 07/34 R_Date(3874,30)
DEM-24[77, 12/08a R_Date(40{0,30)

DEM-24y78, 12/09 R_Date(4032,30)

DEM-19B2, 07/6 R_Date(4063,32)

DEM-246, 12/04 R_Date(4079,30)

[T

5600 N -

2000 2200 2400 1600 800 1calBC/calAD
Calibrated date (calBC/calAD)

2300

Figure 1: Calibration plot of all dated samples from the Pella prehistoric cemetery.
- J
( 7

OwCal wd 4.4 Bronk Ramsey (202 1); r5 Atmospheric dags from Reimer et al (3020)

DEM-1953, 7/2|1 R_Datsg(3745,44) — | =
DEM-1954, 7/2) R_Dajmu.:sc) R ot
DEM-1994, 071 R_Dafe(3752.30) e
DEM-1990, 077 R_Dae(2858,43) — = i -
DEM-1974, 07/B7 R_Dale(2856,30) = e S

DEM-]955, 0740 R_Dale(3935,74 = =
DEM-2479, 12/12b R_Date(3868/35) f—
DEM-1991, 07/F8 R_Dale(3902,30 - - -

T
=

DEM-1985, 07/p0 R_Dale(3922 30) __T_.g;g..__
DEM-1995, 07/B4 R_Dale(3874.40) —ﬁhu .
DEM-2477, 12/p8a R_Date(4010{30) -

DEM-247E, 12/p9 R_Dje(dﬂ?.z,ﬂﬂ

DEM-1982, 07/F R_Date(4063,33) —el e L
DEM-2476, 12/04 R_Dale(4079,30) —al - ol o |
Sum S'.FITI —
4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600

Calibrated date (calBC)

Figure 2: Calibration plot of only the burials dating in the prehistoric period. The dots show the weighted mean values of the age ranges. The
Sum plot at the bottom shows the accumulated probability distribution of all calibrated dates.
- J

citation: M Maniati, Th Pitsios and Y Maniatis*. Investigation of the Human Diet in Pella (North Greece) from the Prehistoric to the Page 4 of 10
Classical Period Using Stable Isotopes and Radiocarbon Dating. Open Access ] Arch & Anthropol. 5(2): 2023. 0AJAA.MS.ID.000606.
DOI: 10.33552/0AJAA.2023.05.000606


http://dx.doi.org/10.33552/OAJAA.2023.05.000606

Volume 5-Issue 2

Open Access Journal of Archaeology & Anthropology

( )
JuCal w4 4 4 Bronk Ramsey (20211 r:5
Pella prehistoric all Sum
n=14
= !
@ 003F
S
> 0.02 =
= 001E
£
& OF
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
3000 2800 2600 2400 2200 2000 1800
Calendar date (BC)
Figure 3: Accumulated probability distribution of the calibrated ages ranges (Sum) for the 14 prehistoric samples.
S J
Anthropological data III. Periodontitis in Classic Pella occurs in 8 out of 10 people, per-

The anthropological study carried out to record sex and age
at death is summarized in Table 2. In most cases the sex and age of
individuals were determined with relative certainty. Cases where
the appropriate diagnostic features were not present are indicat-
ed with question marks or blanks. In these cases, sex and age are
presented with reservations. In any case, the confident or less con-
fident results are enough to establish that all ages and sexes are
represented in the sample of both cemeteries.

As it is shown in Table 2 out of the 30 individuals examined and
sampled 16 were male, 12 female and 2 children. Oral hygiene was
observed and recorded in half of the examined skeletons (15 out
of 30 individuals) because only in these teeth were preserved. Of
these 15 skeletons that preserved teeth, 10 belonged to the Classi-
cal Period (CP) and one to the Byzantine Period and only 4 to the
EBA. It is difficult to draw statistical conclusions about oral hygiene
due to the small number of samples. It is with great caution that we
formulate some overall conclusions which are somewhat more reli-
able for the Classical period where specimens with dental evidence
are somewhat more numerous. These conclusions can be summa-
rized as follows:

I.  Caries in Classical Pella appears in at least one tooth in 4 out
of 10 people, percentage 40%, while in the EBA in 1 out of 4,
percentage 25%.

II. Calculus in Classic Pella appears in 6 out of 10 people, a per-
centage of 60%, while in EBA in 2 out of 4, percentage 50%.

centage 80%, while in EBA in 3 out of 4, percentage 75%.

IV. Finally, the sample from the Byzantine period shows caries,
calculus and periodontitis.

Although the occurrence of dental diseases is multifactorial and
can be influenced by genetic predisposition and demographic pa-
rameters, diet is a dominant factor. It is known from the literature
(Lieverse [18]) that foods rich in protein facilitate the creation of
plaque and, by extension, dental calculus, while carbohydrates are
related to caries. Based on these, it can be tentatively concluded
that the diet in CP was richer in carbohydrates than that in EBA,
since at CP there are more caries incidents than in EBA. In addition,
the increased calculus in CP (more incidences than caries) indicates
that the diet was also quite rich in protein, relatively richer than in
the EBA.

The phenomenon of reduced consumption of starchy foods
and carbohydrates has been observed in several populations of
the Neolithic and Early Bronze Age in Macedonia (Triantaphyllou
[19]), where caries occurrence rates are clearly less than those
with calculus. This phenomenon is reversed from the Late Bronze
Age onwards (Triantaphyllou [20]), where the consumption of
carbohydrates increases rapidly with the result that dental caries
prevails over calculus. In the case of Classical Pella, we observe a
clear increase in caries in relation to EBA, but without a decrease in
calculus but rather an increase in it. This means that the increased
consumption of starchy foods and carbohydrates in the CP was ac-
companied by an increased consumption of protein-rich, more pro-
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cessed foods that favored the greater occurrence of dental diseases
and the generally worse image of the oral hygiene of the population.

Stable isotopes

The values of the stable isotopic ratios (§*3C and §°N) are pre-
sented in Table 2. They represent the average values of 3 different
measurements from each sample. The atomic C/N ratio also given
in Table 2 ranges from 3.21 to 3.36 for all the samples, except one
(PEL 29). These values all lie within the accepted standards 2.9-

3.6 (DeNiro [20]; Ambrose [13]; Harbeck and Grupe 2009; Cheung
et al. [21]) suggesting that the collagen in the bones was well pre-
served and the isotopic results are absolutely safe. The value of PEL
29 (4.04%o) is out of the range and may indicate a certain degree
of diagenesis. The isotopic results of this sample should be treated
with caution. Figure 4 shows graphically the distribution of isotopic
values of the samples from the two cemeteries and the Byzantine
period burial inside the prehistoric cemetery.
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Figure 4: The isotopic results of the bone collagen from the two cemeteries of Pella.
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Table 2: Anthropological examination and isotopic results.

PEL1 Agora. 06/21 Classical Male ? -19.03 9.87 3.28
PEL2 Agora. 06/19 Classical Female 40-45 -18.47 10.76 3.21
PEL3 Agora. 06/23 Classical Male 35-40 -18.19 11.04 3.26
PEL4 Agora. 06/22 Classical Male 40 (loose teeth) -19.19 7.62 3.26
PEL5 Agora. 06/15 Classical Male? 40-45 -18.39 11.69 3.26
PEL6 Agora. 06/14 Classical Female? 30-35 -19.22 10.22 3.27
PEL7 Agora. 06/11 Classical - 5 (child) -18.20 11.42 3.27
PEL8 Agora. 06/18 Classical Male 20 -18.08 10.26 3.30
PEL9 Agosrf(;itgze/ti;‘ear Classical Female 40 118550 9.49 3.25
PEL10 Ag"srf(;as_tg‘ze/tégear Classical Female 18-25 -18.94 10.19 3.23

citation: M Maniati, Th Pitsios and Y Maniatis*. Investigation of the Human Diet in Pella (North Greece) from the Prehistoric to the
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PEL11 Agorsi'o ng;'s“ear Classical Female? 40 1721 9.18 3.27
PEL12 Agosrta(;itg‘;‘;tigear Classical Female? >45 -18.89 10.63 327
PEL13 Ag";;g;rgzt/';‘ear Classical Female 18-25 -19.06 10.93 3.27
PEL14 Agorsi'o it.roeg;snear Classical Male 30-35 -19.50 7.19 3.25
PEL15 Kanali Str.. 07/7 Byzantine Female 20-30 -18.93 9.53 3.24
PEL16 S‘;z‘;‘;‘;‘ksltsrqw(e);t/;fl Prehistoric Male 35-45 -19.09 9.30 3.29
PEL17 Kanali. 07/53 Prehistoric Male ? -18.72 8.45 3.28
PEL18 Kanali. 07/20 Prehistoric Male 18-20 -19.25 8.73 3.27
PEL19 Kanali. 07/01 Prehistoric Male? 18-25 -19.01 8.19 3.36
PEL20 Kanali. 07/29 Prehistoric Female 25-35 -19.54 9.14 331
PEL21 Kanali. 07/34 Prehistoric Male? 30-40 -17.92 9.96 3.31
PEL22 Kanali. 07 /41 Prehistoric Male? ? -19.27 9.12 3.25
PEL23 Kanali. 07/58 Prehistoric Female 25-30 -19.21 8.84 3.28
PEL24 Kanali. 07/50 Prehistoric - 14-16 (adolescent) -18.98 9.03 3.26
PEL25 Kanali. 07/6 Prehistoric Male >45 -18.07 10.16 3.29
PEL26 Kanali. 07/12 Prehistoric Female? 20-30 (loose teeth) -19.62 8.68 3.60
PEL27 Kanali. 07 /41 Prehistoric Male? ? -19.32 9.20 3.26
PEL28 Kanali. 07/34 Prehistoric Male 35-45 -18.26 9.67 3.26
PEL29 Kanali. 07/47 Prehistoric 12-14 (child) -21.04 9.21 4.34
PEL30 Kanali. 07 /46 Prehistoric Female ? -19.46 9.10 3.26

From this figure one notices that the isotopic values of the
Classical Period individuals are generally more elevated in 8N
and slightly in §3C than those of the EBA period, which indicates
that the diet during the CP was more enriched in animal protein,
mainly from terrestrial environment. This result partially agrees
with the findings of higher calculus. There are some exceptions
to this rule with three individuals showing a clearly differentiated
diet compared to the majority of individuals from both cemeteries.
In particular, two individuals of CP (PEL 4 and 14, men around 40
years and 30-35 old respectively) show 8°N values lower than all
the rest which, combined with the low §'3C, indicates a diet mainly
based on plants (C,) and with a very low input of animal protein. In
contrast, the individual PEL11 (an elderly woman) has an isotopic
signal suggestive of C4-type plants (millet) since it has relatively
increased 6'*C without a corresponding increase in §'°N. Most likely
this woman had a percentage of consumption of meat from animals
fed on millet, unless she consumed directly a certain amount of the
millet plant, rather unusual.

Regarding the EBA burials, the isotopic concentrations of the
majority of individuals agree with those from Xeropigado Koiladas
cemetery in West Macedonia (Triantaphyllou 2010), dating to the
EBA and MBA (Maniatis and Ziota [22]) and other sites of Late Neo-
lithic and EBA in North Greece (Triantaphyllou [19]) and elsewhere
in Greece (Papathanasiou [23]), and indicate a diet based on ter-
restrial plants and animals. The individuals PEL-21, 25 and 28, all
male, most probably had a slightly increased animal protein diet
compared to the rest or/and a very small percentage of marine food.
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Sample PEL-29, a child aged 12-14 years, deviates strongly form all
the rest exhibiting a much lower §'3C value (-21.04%o) without an
equivalent drop in §'°N. This could be a child with health problems
and starvation (Ingvarsson-Sundstrom et al. 2009) which probably
led to its death in this young age. On the other hand, the deviation in
the 83C value of this specific sample may be due to a relative degree
of diagenesis and certain incorporation of inorganic carbon into its
collagen from the soil. This is possibly indicated by the somewhat
increased ratio of C/N in relation to all the rest (Table 2).

It is interesting to note that both in the Prehistoric and Classical
Periods, the diet of the people in Pella does not seem to include a
distinct percentage of marine food, even though it is known that
the area was coastal in antiquity. Even in the Classical period where
fishing techniques had improved significantly, the inhabitants of
Pella did not resort to the sea to enrich their diet in proteins but
enriched it with proteins from land animals possibly with the inten-
sification of animal husbandry.

Regarding the relationship between sex and diet, we can extract
some information from the statistical distribution of the data using
Box Plots for §'°C and 8'°N (Figures 5 and 6). These plots show the
distribution of the §'*C and 6'°N values for the two cemeteries and
for men, women, children and the adolescent separately. Keeping in
mind that the data is not statistically big enough for secure conclu-
sions we can tentatively deduce that the values of §'3C (Figure 5)
remain the same between men and women in the CP both for the
individuals whose sex has been determined with relative certainty
and those with a question mark. However, a certain differentiation
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is observed in the EBA where §'3C seems lower in securely identi- mainly §'3C in the women of the EBA probably indicate a diet based
fied women and the one with question mark, perhaps indicatinga more on plant foods and less on animal proteins than men at the
difference in nutrition between the two sexes. On the other hand, same time. This differentiation between the two sexes in Prehistor-
the values of §'°N do not show any obvious difference between men ic Pella is the opposite of that which has been observed in Asine of
and women (Figure 6). The generally lower values of the isotopes, the MBA (Ingvarsson-Sundstrom et al. [24]).
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Regarding the Classical period, a difference in nitrogen appears
to occur between men and women, with women tending to have on
average higher values than men (Figure 6). However, since the num-
ber of samples is small, the distribution of male values is strongly
influenced by the two samples PEL-4 and 14 that have a particular-
ly low nitrogen diet (Figure 4) and both happen to be male. If one
removes these two samples, it follows that the average value of §'°N
of all the other samples of the CP is over 10%o, which brings the Box
plot to the same level as that of the women of the classical era and
all higher than the EBA. With these data and always with the caveat
of the small statistical sample, we consider that there is no differ-
ence in nutrition between men and women in Classical Pella, which
indicates an improvement in the role of women and/or wealth in
general and, consequently, easier access to nutritional sources, per-
haps also through increased livestock production.

As for the children for whom we have only two samples, one in
CP and one in EBA, we notice that the diet of the Classical period
child is clearly more enriched in animal proteins than the diet of
the EBA child. And the only adolescent of EBA has approximately
the diet of adult men of the time. The values of §°N in herbivore
animals, including cattle and pig is more or less the same from pre-
historic to classical and later periods in North Greece (Triantaphyl-
lou [19]) and for different periods in Thebes (Vika [25]) and ranges
mostly around 6%o.

Therefore, assuming that this value of §'°N represents the dia-
chronic fauna isotopic concentration, the diet of men and women
in the CP is enriched in 8°N over the fauna by around 4%o (from
about 6% to about 10%o). If we take the highest reasonable value
for enrichment of human collagen over diet to be 5%o0 (Hedges and
Reynard [26]), a value of 4%o enrichment implies that at least 80%
of the dietary protein of the CP population was from animals (as
meat + milk), accepting that freshwater fish need not be considered
as significant (Hedges and Reynard [26]).

Conclusion

Skeletal material from the Classical cemetery at Pella and the
Prehistoric cemetery found under the Hellenistic Pella were an-
thropologically examined, analyzed isotopically and the burials
from the prehistoric cemetery were also radiocarbon dated. The
radiocarbon dates show that the prehistoric cemetery was used in
the period approximately 6600-6050 BC, which corresponds to the
middle and lower half of the Early Bronze Age. Inside the EBA cem-
etery a grave was discovered dating in the Byzantine/Early Chris-
tian period.

The anthropological and dental study of the skeletal material
from the two cemeteries gave interesting insights about the eating
habits and access to food sources in the two periods. The people
of the Classical period seem to consume mostly foods enriched in
animal protein (meat and dairy products) from the terrestrial envi-
ronment as evidenced by the increase mainly in §'°N and not par-
ticularly 83C. This result is also strengthened by the examination
of oral hygiene, which is recorded as worse than their EBA prede-
cessors, possibly due to an increased consumption of dairy foods,
proteins, but also starchy foods and carbohydrates. The increased

citation: M Maniati, Th Pitsios and Y Maniatis*. Investigation of the Human Diet in Pella (North Greece) from the Prehistoric to the
Classical Period Using Stable Isotopes and Radiocarbon Dating. Open Access ] Arch & Anthropol. 5(2): 2023. OAJAA.MS.ID.000606.

DOI: 10.33552/0AJAA.2023.05.000606

consumption of animal proteins during the Classical Period in Pella
agrees with corresponding results from Thebes (Vika [25]). An ex-
planation for this may be the use of fertilizers as population growth
forced more efficient exploitation of the environment and improved
animal husbandry.

An increase in the consumption of animal protein during the
Classical period has also been observed in the region of Sparta in
Peloponnese (unpublished Laboratory of Archaeometry data) but
with a parallel increase in the percentage of sea food, a fact that is
not observed in the region of Pella. With regard to the two sexes, a
small differentiation is observed in EBA where the diet of women
can be considered, with reservation due to the small statistical sam-
ple, as less enriched in animal proteins. This can be expected when
there are distinct social roles (such as men'’s participation in par-
ticularly hard physical work or even wars). On the contrary, in the
Classical Period, there is no difference in nutrition between the two
sexes that points to improved socio-economic conditions. However,
it is noted that due to the small statistical sample, the conclusions
for the two sexes both from the isotopes and from the teeth must be
used with caution.

Finally, the effect of millet is observed in the isotope values of
one person, possibly a woman, either through the consumption of
animals fed with millet or directly of the plant.
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