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Reconstructing the childhood diet of individuals
buried with the Pictish monastic community at
Portmahomack

Jyoti Stuart-Lawson” and Shirley Curtis-Summers?

ABSTRACT

This research aims to reconstruct the childhood diets (aged 9-10 years) of the individuals buried
during the active years of the Pictish monastic community (hereafter referred to as PMC) from early
medieval (7th—11th century) Portmahomack in north-east Scotland, using *C and "N isotopes. Die-
tary reconstructions were achieved by isotope analysis of *C and 0N on the tooth root apex from
permanent first molars (M1) of 26 adult male individuals. The results indicate that the individuals in
the PMC predominantly consumed terrestrial C, resources during childhood, with a rich terrestrial
protein diet and some marine resource consumption. Statistically significant differences were ob-
served between childhood and adulthood diets (adult isotope data from Curtis-Summers et al 2014;
2020), suggesting that when these individuals were children, they consumed more marine protein
than in later years as adults. This is true for all individuals, whether or not they spent significant
time in Portmahomack during their childhoods. This is the most extensive study of the childhood diet
of individuals from the PMC and so makes a significant contribution to augmenting information on
diet and lifestyles in Pictish Scotland.

INTRODUCTION easy landing in the Moray Firth region during the
early medieval period and this is possibly why a
settlement was formed here. On an elevated po-

SITE BACKGROUND

sition above the village is a church dedicated to
St Colman (Carver 2004: 4) and the excavations
took place near to the church.

Portmahomack in Easter Ross is the first exca-
vated Pictish monastic site in Scotland. These

archaeological excavations provide a unique
insight into Pictish monastic life, religious prac-
tices, culture and economic activities (Carver
1995; 1997; 1999; 2004; 2006; 2008; 2009;
2016a; 2016b; 2016¢c; 2019a; 2019b; Carver &
Spall 2004; Carver et al 2016).

Portmahomack is situated on the Tarbat
Peninsula, north-east Scotland (Illus 1) (Canmore
ID: 15664). These shores might have enabled
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The site was divided into four excavation
sectors, and four main occupation phases have
been identified (periods 1-4), outlined in Carver
(2016a: 44-7) (1llus 2). Period 1 — 5th to 7th
centuries (Ap 400—680) — was when the site was
believed to be a centre for Pictish settlers, possi-
bly of high status. There was evidence of arable
farming in sector 1, cist burials and a roundhouse
in sector 2, and a combination of plain and long
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cists in sectors 3 and 4. Period 2 — ap 680-810 —
was a monastic phase, with most burials being of
males, and finds that suggest monastic activities:
vellum making (Carver & Spall 2004: 192-8),
a Latin inscribed stone and writing implements.
Other finds included two enclosures with a ‘bag
shaped’ building, a pond and bridge, and signs
of metalworking and glass working. At the end
of period 2, there was evidence of burning at the
site and deliberate cut marks to the crania of two
individuals, possibly victims of a raid during a
Viking invasion. In period 3 — ap 800-1050 —
Portmahomack possibly became a trading centre
rather than a monastery, with evidence of arable
farming (wheat and barley), intensified commer-
cial metalworking and glass working (such as
finger-rings and necklaces), and kiln barns where
grain was probably being dried (Carver 2016a:

Location of Portmahomack on the Tarbat peninsula. (Carver 2004: 5)

152—4). The site seems to have been abandoned
between ap 900 and 1050 but was reoccupied
during the 12th—16th centuries (period 4) when
it became a parish church community. A new
church was built (ap 1200-1400), and evidence
was found of coins, pottery and metalworking
that suggested more widespread cultural and eco-
nomic exchanges. This paper will focus on analy-
sis of individuals from periods 2 and 3.

PRINCIPLES OF CARBON AND NITROGEN
ISOTOPE DIETARY ANALYSIS

The use of stable carbon and nitrogen isotope
ratio analysis to reconstruct past diets follows
the principle that these elements are incorporated
into body tissues such as teeth and bones, from
the types of foods consumed during life. These
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isotope ratios can therefore be measured in tis-
sues to provide palacodietary reconstructions.
Stable isotope palacodietary analysis is a well-es-
tablished technique (eg DeNiro 1985; 1987,
Schwarcz & Schoeninger 1991; Britton 2017).
3N values for collagen give an indication of the
trophic-level of the food consumed; 8'*C values
indicate whether food comes from terrestrial or
marine sources, and whether the plants consumed
used C, or C, photosynthetic pathways. Based
on Meier-Augenstein’s (2010: 28) trophic-level
schematic system, every increase in trophic-level
leads to an increase in 3'°N values of 2—5%. (Lee-
Thorp 2008: 928). The shift in 8'3C values per
trophic-level is generally <I1%o (Schoeninger &
DeNiro 1984: 633), although Barnes et al (2007:
356) suggested that up to 2%o is possible, and the
trophic-level shift is lower in herbivores than car-
nivores (Van Klinken et al 2000: 46-47).

Schwarcz’s (2011: 244) carbon and nitrogen
food category model shows that marine-based
diets have higher values of 8'*C and 8N than
terrestrial-based diets. Marine mammals’ isotopic
signatures have higher 3N values than marine
fish but similar 8"*C values. For freshwater fish,
the 8"3C values are low but the 6'°N values are
higher (Richards 2020). The usually accepted
8"C range for a 100% terrestrial diet is -18%o to
-30%o and the 8"*C values for 100% marine diet
start at -12.0%o (Schwarcz 2011: 244). Lovell et
al (1986: 51) found that a standard deviation of
0.3%o or less for 6"°C indicates a fairly homoge-
neous diet of the individuals sampled.

dBC wvalues can also indicate whether the
plants consumed are C, or C, plants. C, plants,
such as sugarcane, maize and millet are typ-
ically found in warmer climates, such as the
tropics. There is no record of C, plant use during
the early medieval period in Scotland, so C,
consumption is presumed not to have occurred
at Portmahomack at this time (Macgill 1909:
150-8; Miildner et al 2011).

Assuming certain factors that alter bone
collagen isotope values can be ruled out, such
as evidence of physiological stress, carbon and
nitrogen isotope values may reflect adult die-
tary protein from around the last 20 years of
life, compared to around the last 5 years of life
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for non-adults (Koch et al 1997: 418; Fuller
et al 2006: 46; Lee-Thorp 2008: 927). When
comparing childhood dentine with faunal bone
collagen it is noted that these are two different
measurements; faunal bone represents the ani-
mals’ diet over a long period of time. Bocherens
et al (1992) showed the animals’ teeth and bone
only have similar isotopic ratios if bone skeletal
components are continuously developing during
the individual’s lifetime. Also, if there are dif-
ferent developmental completion rates, then the
isotopic values will reflect different time spans
(Bocherens et al 1992; Leskovar et al 2019)
but these types of results are sufficient for our
purposes.

Beaumont & Montgomery (2015: 410)
showed that the development of M1 (first molar)
commences at birth, with the development of the
cusp first, and continues to develop down to the
root apex until approximately 10 years of age.
Thus, a small section of the root apex allows
a snapshot of childhood diet at approximately
9-10 years of age. The root apex used for this
study predominantly consists of primary dentine;
any secondary dentine found in the root apex is
minimal. Therefore, the results would represent
the diet at the time of tooth formation. Recently
this technique has been used to take several in-
crements of teeth and showed significant changes
over short periods of time (eg Beaumont &
Montgomery 2016: 2) and the results compared
with adult bone (eg Beaumont & Montgomery
2016: 12).

PREVIOUS BIOARCHAEOLOGICAL RESEARCH AT
PORTMAHOMACK

Archaeological excavations at Portmahomack
revealed remains of a wide variety of animals
that could have been eaten, including cattle,
pigs, sheep/goats and deer (Carver & Spall
2004: 193; Ashby 2016; Seetah 2016). From
the Portmahomack faunal assemblage, abun-
dant cattle remains were found (MNI (minimum
number of individuals) = 305); the cattle seem to
have been killed when they were older (Seetah
2016). Seetah (2016: D134-D135) suggests the
mature cattle were kept predominantly for milk,
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cheese and butter production. Some remains of
juvenile calves were also found, but Carver &
Spall (2004: 189-98) suggested that calf skins
could have been used for vellum production.
Pig remains were fewer than cattle but isotopic
analysis (Curtis-Summers et al 2020: 11) sug-
gests that pigs were eaten, as the adulthood of
the same individuals from the PMC’s 6N values
were a trophic-level higher than the cattle and
pig 85N values. Seetah (2016: D132) recorded
marine mammals remains of whales, seals, otters
and dolphins, but relatively low numbers of each.
However, the period from which the remains date
is uncertain.

There was only a small fish assemblage dating
from periods 1-3; Holmes (2016a) was able
to identify at least three species: char, species
of Gadidae (including oceanic cod) and horse
mackerel. The isotopic results (Curtis-Summers
et al 2020: 5-6) show that the assemblage rep-
resents a combination of estuarine and marine
fish species. Char live in freshwater, estuarine
or marine habitats, whereas horse mackerel and
Gadidae occupy marine habitats. By period 4,
many more marine fish remains were found, and
the higher 3C and 8N values in human bone
collagen suggest a much greater consumption of
marine resources by this time (Curtis-Summers
et al 2020: 12).

Holmes (2016b) analysed shell middens from
period 4 and a small assemblage from periods
1-2, and found that the later assemblage con-
sisted predominantly of whelks (Buccinum un-
datum) and two types of winkles (Littorina ob-
tusata or L fabalis and L littorea (edible)), with
smaller numbers of limpets, oysters and cockles.
Ash from the burning of Spirorbis annelid worms
indicated its use in vellum production (Carver &
Spall 2004: 195); however, there were no signs
of burning of the shellfish, and the whelks were
the incorrect species for producing pigments;
so individuals from the PMC could have been
consuming a small number of shellfish (Holmes
2016b).

In previous research, bone collagen isotope
analysis was applied to ribs from 40 individuals
to understand the last 20 years of an individual’s
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diet (adulthood diet) (Curtis-Summers et al 2014:
26-7). Results demonstrated that the adulthood
diets for periods 2 and 3 individuals had lower
8N and 8"“C values compared to period 4.
Considering these results, and the scant number
of fish bones found from periods 2 and 3, a pre-
dominantly C, terrestrial-based diet is suggested
for the PMC (Curtis-Summers et al 2014: 28).
First molar bulk root dentine analysis was per-
formed on five individuals from periods 2 and
3. The dentine from the roots provides an aver-
age of the diet between approximately 3.5 and
10 years old, which is the time the roots were
forming. The difference (A) in §'*C for the bulk
root dentine ranged from 0.1%o to 0.7%o above
the adult bone collagen and the mean A 6"*C was
+0.38%o. A 6"N for the bulk root dentine ranged
from 0%o to 1.0%o and the mean was +0.52%o
(Curtis-Summers et al 2014: 28). This showed
that the 8"°C and 8N wvalues for these young
children were slightly higher than the adult di-
etary signature of the same individuals, indi-
cating a diet possibly slightly higher in marine
resources (Curtis-Summers et al 2014: 27).
There was severe occlusal wear on the teeth of a
number of Portmahomack adults from the PMC
(Curtis-Summers 2015: 464-75; King 2016:
D27), suggesting they ate a significant amount
of coarse and gritty grain products that needed
strong mastication.

Strontium and oxygen isotopic analysis was
carried out on the permanent molars and pre-
molar samples of the individuals from the PMC
(Walther et al 2016).

Walther et al’s (2016) study of St/O isotopes
showed that many of the PMC did not have local
origins. Eleven of the individuals that Walther
studied overlapped with our data. Of these, three
were definitely local to Portmahomack at the
time of the diet analysis, but the rest were likely
to have been outside the area during their child-
hood, from places as widespread as Scandinavia,
east Britain and western Scotland. This suggests
that the PMC was made up of a majority of indi-
viduals who travelled to the area to become part
of the community.
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RESEARCH QUESTIONS

This research contributes to the corpus of ar-
chaeological and bioarchaeological knowledge
by providing new isotope evidence regarding the
childhood diets of the individuals from the PMC.
The new data presented here are compared with
previous data on adult diets (Curtis-Summers et
al 2014; 2020) in order to investigate possible
cultural influences on the diets of children in me-
dieval Portmahomack. The research attempts to
answer the following three questions:

1. What does 8*C and 8'°N isotope analysis of
incremental dentine reveal about the child-
hood (approximately 9—10-year-old) diet of
the individuals from the PMC?

2. How does the childhood diet of the indi-
viduals from the PMC compare with their
adult diets, as found by Curtis-Summers et al
(2014) and Curtis-Summers et al (2020)?

3. What does the comparison of childhood and
adult diets reveal about cultural practices
during periods 2 and 3 at Portmahomack?

MATERIALS AND METHODOLOGY

Isotopic analysis on root dentine was conducted
on 26 human tooth samples (N = 26) from the
monastic phase period 2 (P2) and period 3 (P3).
All sample preparation and mass spectrometry
analysis were carried out at the University of
Bradford’s isotope facility, following established
protocols (Longin 1971; O’Connell & Hedges
1999; Beaumont et al 2013: 284-5). Of the 58
adult skeletons from these periods, 54 were male,
two were female and two of unknown sex, with a
range of ages from 18 to 60 years approximately
(Curtis-Summers et al 2014; 2020). To study
childhood diet, dentine from the permanent first
molar (M1) was analysed and only adults with
M1 present were selected for study to maintain
uniformity and accuracy of age-related dietary
reconstructions (N = 21 (P2), N =5 (P3)). For
this study, the last 2mm of the root apex was ana-
lysed, which represents a childhood age between
approximately 9 and 10 years (Beaumont &

2021

Montgomery 2015: 410—-14). The size of the root
canal gets larger as it reaches the pulp chamber.
The fact that the root apex was used means that
the size of the root canal is very thin (Beaumont
et al 2013: 280). To further reduce the effects
of tertiary dentine, only the tooth roots without
caries and reduced wear were selected, as tertiary
dentine develops as an evolutionary response by
the pulp chamber against potential infections.
Cementum was removed while cleaning all of
the tooth root surfaces with an air abrasion drill.
The circumpulpal dentine was removed during
the ‘method 2’ process (see below).

Beaumont et al’s (2013: 284-5) ‘method 2’
was applied, involving removal of the surface
debris and cementum with an air abrasive or me-
tallic drill. Each tooth root was cut longitudinally
along the mid-shaft and transversely, just below
the cementum-enamel-junction (CEJ). The sam-
ples were demineralised in 0.5M hydrochloric
acid (HCl) and refrigerated until the samples
had demineralised. Once demineralised, they
were rinsed with deionised water in triplicate.
The 2mm section of each demineralised root was
cut into two 1mm increments using a scalpel and
ruler. Each sample was immersed in deionised
water, acidified to pH3 with HCI and transferred
to a heating block at a temperature of 70°C to
dissolve the collagen (gelatinisation) (Beaumont
etal 2013: 284-5). The samples were centrifuged
for two minutes, before freezing for a minimum
of three hours. Once frozen the samples were
transferred to a freeze-drier for 24 hours until dry
(Iyophilisation). The dentine samples, along with
in-house and international standards for AIR and
V-PDB, were weighed and placed into the auto
sampler of a Delta V Advantage with a Flash EA
1112. The international standards are IAEA-600
(caffeine), [AEA-N-1 (ammonium sulphate) and
IAEA-CH-3 (cellulose); and the in-house stand-
ards used were fish gelatine and BLS (Bovine
liver solution).

RESULTS

All 8C and N data for the Portmahomack M1
tooth dentine collagen samples are presented in
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Stable isotope data for collagen extracted from M1 root dentine of individuals from the Portmahomack PMC and

comparison of Curtis-Summers et al (2014; 2020) adulthood bone collagen data

Age Burial | Tooth Bone Bone
Skeleton | Sex i fn o hase | sections | C-Ne 05C %o 0N %o | collagen | collagen
no. (M/F)" ge | prase 1 (V-PDB) | (AIR) 55C %0 | 6N %o
(vears)® | (2/3) (1or2) (V-PDB) | (AIR)*

38 M 46-59 2 1 3.25 -19.1 13.8

-20.6 12.5
38 M 46-59 2 2 3.24 -19.0 13.3
40 M 46-59 2 1 3.51 -18.7 14.0

-20.3 12.3
40 M 46-59 2 2 3.51 -18.8 13.6
42 M 46-59 2 1 3.70 -19.1 14.0

-19.7 12.9
42 M 46-59 2 2 3.60 -19.1 13.7
44 M 46-59 2 1 3.61 -19.4 13.3

-20.4 12.1
44 M 46-59 2 2 3.51 -19.0 12.8
47 M 26-35 2 1 3.56 -19.0 13.6

-20.0 12.4
47 M 26-35 2 2 3.53 -18.5 13.6
53 M 46-59 2 1 3.23 -19.1 12.3

-20.2 11.8
53 M 46-59 2 2 3.25 -19.0 12.3
54 M 18-25 2 1 3.44 -18.8 13.0

-20.5 12.1
54 M 18-25 2 2 345 -18.8 12.8
122 M 46-59 2 1 3.38 -18.7 14.0

-20.3 13.0
122 M 46-59 2 2 3.28 -18.4 12.6
126 M 46-59 2 1 3.57 -19.2 12.5

-20.9 10.8
126 M 46-59 2 2 3.49 -19.2 11.9
127 M? 36-45 2 1 3.53 -19.2 13.7

-20.4 11.8
127 M? 36-45 2 2 3.46 -19.2 13.5
129 M? 18-25 2 1 3.45 -19.3 12.0

-20.6 11.3
129 M? 18-25 2 2 3.34 -19.1 12.2
137 M? 36-45 2 1 3.48 -19.1 12.6

-20.5 11.8
137 M? 36-45 2 2 3.48 -19.3 12.0
144 M 46-59 2 1 3.50 -18.4 15.9

-19.1 14.6
144 M 46-59 2 2 3.56 -18.5 16.0
151 M 46-59 2 1 3.25 -19.1 13.3

-20.6 12.6
151 M 46-59 2 2 3.26 -19.0 13.3
152 M 26-35 2 1 3.54 -19.2 13.5

-20.5 11.7
152 M 26-35 2 2 3.50 -19.3 13.7
153 M 36-45 2 1 3.51 -18.6 14.3

-20.3 12
153 M 36-45 2 2 3.47 -18.7 14.2
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TaBLE 1
Continued
. Bone Bone
Skeleton | Sex ;45: o BZ;;‘;I g?é)ttiﬁns C-Ne 013C %o 0N %o | collagen | collagen
no. (M/F)* se | prase AR (V-PDB) | (AIR) 55C %0 | 6"N %o
(vears)® | (2/3) (1or2) (V-PDB) | (AIR)*
154 M 46-59 2 1 327 |-19.0 13.3
-20-5 11.8
154 M 46-59 2 2 3.23 -19.1 12.9
158 M 46-59 2 1 3.57 |-18.9 14.5
-20.3 12.4
158 M 46-59 2 2 3.54 [-189 14.1
164 M 46-59 2 1 3.53 -18.9 14.5
-20.2 12.8
164 M 46-59 2 2 349 |[-19.0 14.2
176 M 46-59 2 1 3.51 -18.8 14.5 0.1 12.8
176 M 46-59 2 2 3.56 |[-19.2 14.7 '
189 M 26-35 2 1 3.61 -19.8 12.7
-20.1 11.7
189 M 26-35 2 2 3.52 [-19.8 12.8
111 M 26-35 3 1 3.33 -19.2 13.5
-20.7 12.0
111 M 26-35 3 2 328 |-19.1 13.1
136 M 36-45 3 1 343 -18.9 13.3 "~ 119
136 M 36-45 |3 2 343 |-18.8 13.4 ' '
145 M Adult 3 1 3.51 -19.3 12.8
-20.5 12.3
145 M Adult 3 2 3.51 -19.3 12.9
147 M 26-35 3 1 3.51 -18.9 12.8
-20.4 11.2
147 M 26-35 3 2 3.50 |[-18.9 12.9
156 M 36-45 3 1 3.56 |-19.8 13.1
-20.9 12.0
156 M 36-45 3 2 347 |[-194 13.0
mean | -19.0 13.4 -20.43 12.11
SD 0.301486 | 0.86355 |0.41817 0.69801

»? Osteological data (age and sex data) (Curtis-Summers 2015: 464—75) and Curtis—Summers et al (2020: 7-8)
¢ Burial phase 2 = Ap 680-810; burial phase 3 = Ap 8001050 (Carver et al 2016: 8-9)

4 Tooth sections 1 = lowest Imm of tooth root apex; 2 = next Imm interval of tooth root apex (above section 1)
¢ C:N = %C/%N * 1.1666 (14/12); C:N is the molar ratio with an accepted range of 2.9-3.6

f¢ Adulthood bone collagen data (Curtis-Summers et al 2014: 27) and Curtis-Summers et al (2020: 12)

Table 1. The C:N ratios for the samples were be-
tween 3.2 and 3.6 and so are within the acceptable
range for well-preserved collagen (DeNiro 1985:
807). The analytical precision for both carbon
and nitrogen is £0.2%o (10), with 8*C and 8N
ratios reported relative to the international stand-
ards of Vienna-PDB and AIR, respectively. The

results relate to the first two research questions;
the third question is addressed in the discussion.

Question 1: What does 6°C and 6°N isotope
analysis of incremental dentine reveal about
childhood diet of the individuals from the PMC
at Portmahomack?
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The results of the analysis of the 9-10-year-
old childhood diet (Table 1) give a mean 8'°C
value of -19.0 (+0.30%o), and a mean 8'°N value
of 13.4 (+£0.86%o). Table 2 and Illus 3 compare

TABLE 2
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the mean of sections 1 and 2 of the 9-10-year-
old childhood data to the available local faunal
data (Curtis-Summers et al 2020: 5). The omni-
vores (mainly pigs) might have been consum-
ing human refuse as part of their diet, which
raises their 8N values (Seetah 2016: DI135;

Differences in stable isotopic values between the 9-10-year-old childhood data (M1 root collagen) and Curtis-Sum-
mers et al (2020: 5) bone collagen faunal data

2

9—-10 dentine (4 9-10 9—-10 dentine (4 9-10
Species average of | Faunal 6°C | childhood - | average of | Faunal 6°N | childhood -
P2+308C faunal 6°C) | P2+3 6°N faunal 6"°N)
Cattle -19.0 -22.1 3.1 13.4 59 7.5
Sheep/goat -19.0 -22.0 2.9 13.4 6.3 5.0
Pig -19.0 -21.8 2.8 13.4 8.5 5.0
Dog -19.0 -19.3 0.3 13.4 10.3 3.1
Red deer -19.0 -21.9 2.9 13.4 6.5 6.9
Roe deer -19.0 -21.9 2.8 13.4 3.9 9.5
Marine fish -19.0 -12.7 -6.4 13.4 14.5 -1.1
Char -19.0 -14.8 -4.3 13.4 10.2 32
12 i
z Il
7 T
' i i
—— -

-23 -21

5"

-17 -15 -13 -1
C%o (VPDB)

® Human adult (bone collagen) (n=58)
9-10 childhood (dentine collagen average S1+2) (n=26)"

¢ Red deer (n=4)

= Pig (n=10)

A Freshwater fish (Char n=3)

© Sheep/goat (n=6)

® Human sub-adult (bulk dentine samples) (n=17)
Cattle (n=17)

X Roe deer (n=2)

0 Dog (n=1)

o Marine fish (n=6)

® Analytical precision

TrLus 3 Comparison of isotopic results from Portmahomack. Human data (bone and dentine) and faunal data
averages are taken from Curtis-Summers et al (2014: 26-7); 9—10 childhood data (this study). The analytical

precision is £0.2%o at 1c.
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Curtis-Summers et al 2020: 9). However, A3C
and AN between the 9—10-year-old children and
the faunal baseline are more than would be ex-
pected from a 1% shift per trophic-level for 6'*C
and a 2—5%o shift for 6N, even allowing for var-
iabilities caused by temperature and food availa-
bility demonstrated by Barnes et al (2007: 356).
For example, cattle A*C =3.1%o

human 9-10 years — cattle
and AN = 7.5%o. Even for the

i human 9—.10 years — cattle . K
omnivores, which are a trophic-level higher than
the herbivores, ABC, - = e = 2-8%0

15N man ye_ars 5(;11an01'3 t'
and A human 9-10 years — omnivore - 00, Sugge§ ng
that although the children might be consuming a
considerable amount of pork as well as beef and
dairy, mutton and plant products, some marine
component to the diet must be considered to ex-
plain the large differences, which are more no-
ticeable in the childhood data than the adult data
of individuals from the PMC (Curtis-Summers et

al 2020: 12).

9.0-9.5 AND 9.5-10-YEAR-OLD INCREMENTS
COMPARISON

Section 1 of the root dentine reflects diet at
age approximately 9.5-10 years, and Section 2
for approximately 9-9.5 years. Section 1 8'°C
values ranged from -19.8%o to -18.4%o, with a
mean of -19.1 (£0.3%o), whereas the 8'°N values
ranged from 12.3%o to 15.9%o, with a mean of
13.5 (£0.8%o). Section 2 383C values range from
-19.8%o to -18.4%o with a mean of -19.0 (£0.3%o)
and 6N values range from 12.2%o to 16.0%o
with a mean of 13.3 (£0.9%o).

The majority of the individuals showed mini-
mal differences in their sections 1 and 2 8“C
and 3“N wvalues, suggesting consistent diets
across these childhood ages. The possibility of
seasonality being displayed could account for
the minimal changes between sections 1 and 2.
However, compelling evidence refuting this con-
cept is Walther et al’s (2016) data showing that
the majority of the individuals were not local
to Portmahomack around the age of 9-10 years
old (as mentioned previously). One should not
assume that seasonality patterns will be the same
in different regions. The fact that all of the indi-
viduals have similar 6N increases between their
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approximate 9.5-10-year-old and approximate
9-9.5-year-old diets cast doubts about seasonality
during the time frame of 9—10 years old (approxi-
mately). Therefore, there must be something else
affecting the ratios, such as puberty (explored
further later on). A two-sample #-test was applied
and showed there is no significant difference be-
tween sections 1 and 2 for either 3*C or 3'°N.
Therefore, in subsequent analyses no distinction
is made between sections 1 and 2; only the mean
values for sections 1 and 2 are used.

PERIOD 2 AND PERIOD 3 COMPARISON

Illus 4 shows comparisons between childhood
diets in period 2 (n = 21) and period 3 (n = 5).
The mean for period 2 8°C is -19.0%., whereas
the mean for period 3 8C is -19.2%o, and the
standard deviations (SD) for both periods are
identical at +0.3%o 2 SD, therefore showing little
difference between the two periods and indicat-
ing a relatively homogeneous diet. A two-sample
t-test confirmed there was no significant differ-
ence between these carbon values (p = 0.147).
The results for 3N show a significant differ-
ence between periods, with the mean for "N
being 13.5%o for period 2, whereas the mean for
period 3 was 13.1%o. The standard deviations
also demonstrate a much greater spread about
the mean for period 2 (SD = 1.0) than for period
3 (SD = 0.3%0). A two-sample #-test confirmed
a significant difference between these nitrogen
values (p = 0.033), showing a greater diversity of
food resources in period 2. However, the number
of individuals analysed (n = 5) from period 3 is
small and so might not be representative of the
population.

Question 2: How does the childhood diet of the
individuals from the PMC compare with their
adult diets (as found by Curtis-Summers et al
(2014, 2020))?

The distinct difference between childhood diets
(this study) and the adult diets (as found by
Curtis-Summers et al (2014: 27)) can be seen in
Illus 5. The adult data had lower 8"°C and "N
values compared to root apex dentine. The mean
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TABLE 3

SOCIETY OF ANTIQUARIES OF SCOTLAND 2021

Differences in stable isotopic values between bone collagen (Curtis-Summers et al 2014: 27) and dentine root apex

collagen (this study)

Skeleton | Sex®/ Tooth Bone Dentine | (4 dentine- | Bone Dentine | (4 dentine-
no. Period® | section® | 6°C oBC! bone 6°C) | 0°N¢ OBN bone 6”°N)
144 M/2 1 -19.1 -18.4 0.8 14.6 15.9 1.3
144 M/2 2 -19.1 -18.5 0.6 14.6 16.0 1.4
127 M?/2 1 -20.4 -19.2 1.2 11.8 13.7 1.9
127 M?/2 2 -20.4 -19.2 1.2 11.8 13.5 1.7
152 M/2 1 -20.5 -19.2 1.3 11.7 13.5 1.8
152 M/2 2 -20.5 -19.3 1.2 11.7 13.7 2.0
154 M/2 1 -20.5 -19.0 1.5 11.8 13.7 1.5
154 M/2 2 -20.5 -19.2 1.3 11.8 12.9 1.1
158 M/2 1 -20.3 -18.9 1.5 124 14.5 2.1
158 M/2 2 -20.3 -19.0 1.4 12.4 14.1 1.7
151 M/2 1 -20.6 -19.2 1.5 12.6 13.3 0.7
151 M/2 2 -20.6 -19.0 1.6 12.6 133 0.7
164 M/2 1 -20.2 -18.9 1.3 12.8 14.5 1.1
164 M/2 2 -20.2 -19.0 1.3 12.8 14.3 1.4
136 M/3 1 -21.1 -18.9 22 11.9 13.3 1.4
136 M/3 2 -21.1 -18.8 23 11.9 13.4 1.5
147 M/3 1 -20.4 -18.9 1.5 11.2 12.8 1.6
147 M/3 2 -20.4 -18.9 1.5 11.2 12.9 1.7

2 Osteological data (age and sex data) (Curtis-Summers 2015: 464-75) and Curtis-Summers et al (2020: 7-8)

® Burial phase 2 = Ap 680-810; burial phase 3 = ap 8001050 (Carver et al 2016: 8-9)

¢ Tooth sections 1 = lowest Imm of tooth root apex; 2 = next Imm interval of tooth root apex (above section 1)
¢ 313C and 8N bone collagen isotopic values (Curtis-Summers et al 2014: 27)

of the adult diet for 8"3C is -20.4%o whereas for
root apex dentine the mean for 3C is -19.0%o.
For the adult diet the 8'"N mean is 12.1%o, and
for root apex dentine 6"°N the mean is 13.4%.
Table 3 illustrates differences between the bone
and the root apex dentine from skeletons which
were common to both studies. Differences for
dC range from 0.6%o to 2.2%o and for 5'°N differ-
ences range from 0.7%o to 2.0%o. The two-sample
paired ¢-test showed that the differences between
the child root apex dentine and adult bone colla-
gen were significant at the 0.001 level (8"°C, p
= 0.000, 3N, p = 0.000), thus confirming that

that there was a significant change in diet be-
tween childhood (9-10 years old) and adulthood.
Therefore, more marine resources appear to have
been consumed by some of the individuals from
the PMC for whom dietary data are available
during childhood compared to during adulthood.

Four individuals (Skeletons 147, 152, 144
and 158) were also studied by Curtis-Summers et
al (2014: 27) (see Illus 6a—d). They obtained an
average of the diet between the years of 3.5-10
via bulk dentine analysis, thus enabling compari-
son between the early childhood diet, 9—10-year-
old diet and adult diet. The adult and the overall
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ILLus 6a-p  Adult bone collagen isotope data for the following individuals: a) SK147; b) SK152; ¢) SK144; and d)
SK158 (Curtis-Summers et al 2014: 27), compared to childhood (3.5-10 years old) tooth bulk analysis
(Curtis-Summers et al 2014: 27) and sectioned dentine for the same individuals (this study).

childhood diets (3.5-10 years old) tend to have
lower 8'°C and 8'SN when compared with the
9-10-year-old diet. The regularity of these pat-
terns (see Illus 7 and 8 and Tables 4 and 5) may
suggest some increase in the marine component
of the diet around the ages of 9-10 years com-
pared to earlier childhood and adulthood. No
comparison has been made between different
ages within adulthood and the 9-10-year-old
dentine, as Curtis-Summers et al (2014) found
no statistically significant difference between

different age groups of adult individuals. It is
noticeable that SK144 has higher §*C and 3"°*N
values at all life stages, suggesting that he had
a diet richer in marine resources than the other
individuals from the PMC throughout his life.

DISCUSSION

What can we say about the childhood diets of the
Portmahomack individuals from the PMC?
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Trus 7 Comparison of 83C isotopic analysis of bulk childhood (3.5-10 years old) and adulthood (Curtis-Summers
et al 2014: 27) in relation to the 9—10-year-old childhood of SK144, SK147, SK152 and SK158.
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ItLus 8 Comparison of 3N isotopic analysis of bulk childhood (3.5-10 years old) and adulthood (Curtis-Summers
et al 2014: 27) in relation to the 9-10-year-old childhood of SK144, SK147, SK152 and SK158.
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TaBLE 4
Differences in carbon and nitrogen stable isotopic values between Curtis-Summers et al (2014: 27) 3.5-10 years
childhood bulk dentine collagen data and 9—10 years childhood root increment dentine collagen data

-~ (43.5-10 -~ (43.5-10
Sheloton f)‘jlk] 0 Vo 10 | bulk dentine: z'jlk] O \'9o 10 | bulk dentine:
"o Sex | Age Period dentine dentine | 9—10 dentine dentine | 9—-10
' pos Cﬁ s8¢t | childhood 5,5Nf, SNe | childhood
8BC) SENY
144 M |46+ |2 2199 | -185 1.4 14.6 16.0 1.4
147 M |26-45 |3 205 [-18.9 1.6 122 12.9 0.7
152 M |2645 |3 209 |-192 1.7 12.6 13.6 1.0
158 M |46+ |3 205 [-18.9 1.6 12.8 14.3 1.5

2 313C values for 3.5-10 years childhood bulk dentine (Curtis-Summers et al 2014: 27)

®3'3C values for the 9-10 years childhood diet (this research)

¢ 313C differences between 3.5-10 years bulk dentine and 9-10 years childhood increments (this research)
485N values for 3.5-10 years childhood bulk dentine (Curtis-Summers et al 2014: 27)

¢ 3N values for the 9-10 years childhood diet (this research)

f 815N differences between 3.5-10 years bulk dentine and 9—10 years childhood increments (this research)

TABLE 5

Differences in isotopic values between Curtis-Summers et al (2014: 27) bone data (adulthood) and 9-10 years dentine
data (childhood — this study)

Z;igne (“ jeiz_tt]noe (43.5-10
Skeleton Sex | dwe Period | (this Adulthood | childhood/ (this Adulthood | childhood/
no. 8 onCt adulthood O Ne adulthood
research) S3C) research) SN,
513Ca ) 515Nd )/
144 M |46+ 2 -18.5 -19.10 -0.6 16.0 14.6 1.4
147 M [2645|3 -18.9 -20.40 -1.5 12.9 11.2 1.7
152 M [2645]|3 -19.2 -20.50 -1.3 13.6 11.7 1.9
158 M |46+ 3 -18.9 -20.30 -14 14.3 12.4 1.9

2 8'3C values for 9-10 years childhood diet (this research)

® §13C bone collagen values for adulthood diet (Curtis-Summers et al 2014: 27)

¢ 313C differences between 9-10 years childhood dentine and adulthood bone data

48N values for 3.5-10 years childhood bulk dentine (Curtis-Summers et al 2014: 27)

¢ 3N bone collagen values for adulthood diet (Curtis-Summers et al 2014: 27)

f85N differences between 3.5-10 years childhood dentine and bone collagen for adulthood



400 | SOCIETY OF ANTIQUARIES OF SCOTLAND

SITE COMPARISONS

The archaeological sites used for comparisons
(IMus 9) are those from a similar time period as
periods 2 and 3 at Portmahomack (7th—11th cen-
turies) and only skeletons with radiocarbon dates
within that period have been used, as some of the
sites spanned a greater time period. Westness, on
the Orkney island of Rousay, had a Pictish but
not monastic colony in the 4th-9th centuries
before Viking colonisation (Barrett & Richards
2004: 250) and the skeletons selected are taken
from this era. Newark Bay, on Mainland Orkney,
was colonised by the Vikings between Ap 850
and Ap 950, who brought a heavier reliance on
fish in the diet, thus explaining the relatively high
3BC and 6'°N values. Auldhame is a medieval
monastic settlement situated on the East Lothian
Scottish coast, near Tantallon Castle (Lamb et al
2012: 765).
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The overall average 9—10-year-old childhood
isotopic values from this study are located in-
termediately between those at Newark Bay and
the other sites for 8C, but rather higher than
for the early medieval group at Newark Bay for
8"N. This implies that the diet was also interme-
diate, perhaps with a somewhat higher compo-
nent of marine resources than for sites such as
Westness, Auldhame and Isle of Man. In contrast,
Portmahomack bone collagen data by Curtis-
Summers et al (2014: 36) shows similar diets to
those consumed at Westness, Auldhame and Isle
of Man.

9-10-YEAR-OLD CHILDHOOD DIET

Curtis-Summers et al (2014: 38; 2020:11) con-
cluded that adults from the PMC from periods
2-3 consumed predominantly C, plant resources
in the form of bread and pottage and terrestrial
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ILus 9 Similar sites comparison: Westness and Newark Bay, Pictish, 7th—11th centuries (Barrett & Richards
2004: 252—6); Auldhame, 7th—11th centuries (Lamb et al 2012: 773-5); Portmahomack, 6th—11th centuries
(Curtis-Summers et al 2014: 36); and the Isle of Man (Hemer et al 2017: 432).
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proteins, such as lamb, pork, beef and venison,
with minimal marine consumption. In contrast,
the 9-10-year-old childhood diet had a higher
proportion of marine or freshwater resources.
From the archaeological remains found at
Portmahomack (Seetah 2016) and isotopic anal-
ysis (Curtis-Summers et al 2020: 5), the fish re-
sources could be estuarine char or marine cod
and horse mackerel. Although few fish remains
were found from periods 1-3 compared to period
4, char was the predominant species found in
those periods, but was not found in period 4. As
char is an anadromous fish, their isotopic ratios
will reflect the proportion of the char’s life cycle
that is spent in either marine or freshwater envi-
ronments. Also, 63% of the period 1-3 assem-
blage was burnt compared with 2% for period
4 (Holmes 2016a: D136). This suggests that the
fish procurement and processing were different in
periods 1-3 from period 4, when fishing occurred
on a much larger scale. It is also possible that the
place where fish processing was occurring in pe-
riods 2 and 3 is still unexcavated (Seetah 2016:
D135).

Only a small collection of shellfish was found,
dating to periods 2-3. As the shellfish remains
were found in the vellum-makers’ building, it
may be that the shellfish were collected along
with seaweed on which the Spirorbis shells used
to produce lime to clean the skins were found
(Carver 2016a: 130-1; Hall & Kenward 2016:
D143). A small amount of shellfish could have
been consumed as a by-product of this collection.

The use of marine mammals was likely to be
opportunistic, as the total MNI (minimum number
of individuals) came to approximately 23 (Seetah
2016: D132). Butchery marks were found on
whale remains, indicating intensive exploitation
of whale meat and blubber (Seetah 2016: D135).
Such opportunistic exploitation of whales and
seals could explain the small number of individ-
uals with dietary shifts between 9-9.5 (approx-
imately) years old and 9.5-10 (approximately)
years old (Illus 1). In present times, whales are
beached on the shores near Portmahomack (SPP
Reporter 2013). If beaching of whales similarly
occurred during the 6th-9th centuries, perhaps
these animals were exploited for blubber and for

the childhood diet of the individuals from the
PMC. Seals resting on the beach can be quite
easily harvested. Marshall (2013: 14) mentioned
that the monks at Iona also had fish, seals and
shellfish available to them. Clarkson (2012: 97)
stresses the value of seal meat, skin and blubber
for dietary consumption as well as for fuel, lubri-
cation and possibly vellum production.

It is difficult to determine unequivocally from
83C analysis of collagen how much of the diet
is marine, as collagen only provides a measure
of the protein component of the diet. Moreover,
the protein level in diet and the wide variation
of marine species, and consequently, different
isotope values, must be considered, hence an ap-
propriate faunal baseline is an important inclu-
sion to reconstruct past diets. Analysis of 3'°C
in carbonate from apatite enables an estimation
of the energy proportion in carbohydrate and
lipids as well. This enables the marine part of
the diet to be more clearly distinguished (Kellner
& Schoeninger 2007: 1112; Krueger & Sullivan
1984).

Another confounding factor could be that
physiological and/or nutritional stress caused
higher 8N isotopic values in the 9-10-year-
old’s diet. This is unlikely, however, for three
reasons. Firstly, the Anglo-Saxon Chronicle
(Giles 1914: 4-155) reported eight episodes of
famine between ADp 48 and Ap 1082 in England,
so individuals from the PMC at Portmahomack
could have been affected at some point. Both
the Anglo-Saxon Chronicle and the Chronicum
Scotorum (Hennessy 1866: 113-319) reported
that the famine was greatest in the British Isles
between ap 1005 and ap 1044. When cereal
crops were scarce people could have relied more
than usual on both terrestrial animal and marine
resources. If this were the case in Portmahomack,
one would expect individuals in period 3 to have
higher 8N than those from period 2. However,
this research shows little dietary change between
these periods. Secondly, the age-at-death of the
individuals from PMC investigated varied from
around 18 to over 45 years old and their radiocar-
bon dates were different, so the individuals stud-
ied would have been unlikely to experience nu-
tritional stress simultaneously at the age of 9—10
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years. Thirdly, nutritional and physiological
stress are usually manifested by opposing covar-
iance between 6°C and 8N, the 6"3C values de-
creasing as the 8°N values increase (Beaumont
& Montgomery 2016: 13). This pattern is not
seen in the four individuals with available data
for 3.5-10 years, 9—10 years and adult diet (see
Ilus 6, 7, 8 and 9).

The most tantalising evidence came from
these data and Walther et al’s (2016) Sr and O
data. The fact that SK144, 147, 152 and 158 all
have a similar increase in nitrogen at the age of
around 9-10 years, despite the Sr and O results
indicating that the majority of them were not res-
ident in Portmahomack at the time, suggests that
wider cultural or biological factors were at work.
A possible factor for the increase in 8"°N levels
could be puberty. SK144, 147, 152 and 158 could
be experiencing growth spurts around the age of
10 years, which could explain the increase of
marine resources as a form of protein. Taniguchi
(2002) highlights that proteins are required for
growth and repair, such as producing hormones
and repairing tissues during the growth peri-
ods. According to Goldman (2018), boys in the
modern era tend to start the first phase of puberty
(Tanner stage 1) around the age of 10 years and
physical changes starts to occur when they reach
11-13 years. However, puberty can start early
or later than usually predicted and one ought to
question whether the occurrence of puberty de-
velopment stages would be the same for individ-
uals dating to the early medieval period.

Chronic infections can manifest in an individ-
ual during puberty which can delay puberty de-
velopment in both males and females. However,
the visibility of this effect through isotopic
means is still an enigma. Lewis et al (2016: 1)
believe that chronic infections, such as tubercu-
losis (TB), colitis, chronic bowel conditions and
leprosy, can occur during adolescence due to an
individual’s susceptibility and potentially delay
puberty growth. On reviewing the pathological
notes in the skeletal reports (Curtis-Summers
(2015) ; King & Curtis-Summers 2016) for
SK144, 147, 152 and 158, it appears that none
of these four individuals had substantial chronic
diseases at the age of 9—10 years and the carbon
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and nitrogen ratios would therefore not be af-
fected. For instance, SK144 had osteoarthritis on
the vertebrae, SN (Synovial joint disease), DJID
(degenerative joint disease) and dental diseases.
Therefore, the likelihood of chronic diseases af-
fecting the early adolescent stages for the four
individuals at Portmahomack is minimal. The
individuals whose chronic condition could have
affected puberty development are SK38 and 164
(signs of neoplastic disease), and SK54 (some
form of pulmonary disease, possibly TB). Only
SK176 and 189 displayed signs of nutritional
stress via dental enamel hypoplasia. Isotopically
there is no correlation between 6°C and 3N
among those who experience chronic/nutritional
stress in contrast to those who do not show these
signs.

Question 3: What does the comparison of child-
hood and adult diets reveal about cultural
practices?

There are indications that some who became part
of the Portmahomack PMC may not have arrived
in the community before they were 9-10 years
old, despite the 9—-10-year-old childhood diet
being fairly homogeneous (shown by the SD for
83C being only 0.3%o). The similarity of the 3"°C
and 6N values from different age categories of
the four individuals (SK144, SK147, SK152 and
SK158) shows that they may all have had higher
marine consumption between the ages of 9 and
10 years than they did in younger childhood or
adulthood (Illus 6a—d). This is all the more re-
markable because all four individuals appear to
have different origins at the time of dietary anal-
ysis (9—10 years old), based on strontium and
oxygen isotope evidence (Walther et al 2016):
SK144 was local, SK147 probably from west-
ern Scotland, SK152 apparently from outside
Britain and SK158 perhaps from eastern Britain
or Ireland. Furthermore, since both §'3C and §°N
values tend to be lower in some contemporary
sites compared to Portmahomack, it would be
unlikely to find a group of individuals with dif-
ferent origins all having similar high values for
8'3C and 8'°N between the ages of 9 and 10 years.
This may hint at some kind of universal late
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childhood dependence on marine foods across a
range of areas.

Results from this study suggest the diet of
one individual (SK144) was significantly more
marine based throughout his childhood. This
supports previous isotope evidence on bone
collagen that identified this individual as con-
suming a significant amount of marine protein
during adulthood compared to the other indi-
viduals (Curtis-Summers et al 2020: 11). There
are several possible reasons for SK144 having
more of a marine diet than the other individu-
als. Firstly, SK144 could have consumed more
marine resources due to his local coastal upbring-
ing. Secondly, if the results do indicate growth
spurts (although this must be considered unlikely
— see above) it could be possible that SK144 ex-
perienced a bigger growth spurt than other indi-
viduals. Another reason could be due to the op-
portunistic consumption of whale, which could
potentially increase the 5'°N levels.

CONCLUSION

The childhood diet of those buried during the
monastic phase at Portmahomack was rich in
meat and, for some, in marine resources com-
pared to their adulthood diets. Most importantly,
the richness of the marine diet does not seem
to have varied significantly according to where
the childhood was spent. It has been shown to
be unlikely that these results are due to physi-
ological processes, leaving open the possibility
that cultural or social factors may be involved. To
answer a number of questions about childhood
diet of those buried during the monastic phase at
Portmahomack, questions have surfaced that can
only be answered with further study. Potential
areas for further research include:

1. Incremental dentine analysis on the Pictish and
medieval skeletal collection at Portmahomack
would enable investigations into the dietary
transitions from childhood to adolescence
to adulthood, if data from M1, M2 and M3
were combined. Sampling of multiple tooth
roots from the same individuals would help
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to confirm with increased accuracy the values
at a particular age. This would provide die-
tary information from infancy up to the age
of 21 years old. This might elucidate at what
point the transition to an adult diet occurred.
It would also enable a better understanding of
whether there were seasonal dietary changes,
such as opportunist consumption of marine
mammals.

2. It may be beneficial to conduct incremental
dentine investigations on childhood and ado-
lescent diets from similar sites across Scotland
to see whether the dietary patterns found here
are part of a more general transition in diet
at different ages in the early medieval period
and to further confirm that these results are
not linked to some kind of universal physi-
ological or metabolic factor. Dentine apatite
analysis enables a clearer picture of whether
the resources in the diet are from a marine or
a terrestrial source. Further research should
include both collagen and apatite analysis
from incremental dentine for the childhood
diet, and from bone for the adult diet.
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