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Abstract

Excavations at the Iron Age settlement of La Hoya in north-central Iberia, which was attacked
between the mid-4th and the late 3rd centuries BC, provided fossilized scenes of devastation
and death but also an extraordinary opportunity to analyze lifeways. Here, we conduct stable
carbon and nitrogen isotope analyses of human, animal and plant remains to reconstruct
subsistence practices at that time. The results suggest a mainly Cs-based subsistence economy,
focused on the cultivation of cereals and the herding of domestic animals, particularly pigs, as
the archaeological data support. Although Cy4 plants are less abundant, they may have played a
key role in infant and child feeding practices. Inferred differences in livestock management, as
well as in manuring intensity and management in relation to water resources between crops,
suggest a well-established farming economy. Inter-household variability in crop-cultivation and
land-use suggests household production and subsistence autonomy, and points to the existence
of socio-economic inequalities within the community.

Keywords:
subsistence, isotopes, protohistory, south-west Europe

Declarations of interest: none.

1. Introduction

Archaeological sites frozen in time are rare but very valued occurrences. They permit unique
access to synchronic socioeconomic information otherwise obscured by the diachronic
palimpsests that usually dominate the record. The protohistoric settlement of La Hoya in
northern Iberia is one of those few instances. The site was violently attacked and set on fire at
some point between the mid-4th and the late 3rd centuries BC (Iron Age II, Celtiberian period).
Skeletons of both people and animals found killed on the streets, houses suddenly abandoned
and abundant food, crafts and personal objects left behind are clear evidence of the severity of
the attack and the haste of the fight (Llanos, 1975, 1983).

Unfortunately, and despite its relatively early discovery in 1935 and excavation in 1973-1990,
the site has never received the attention it warrants and much information is still pending
publication. Here, we present the results of stable carbon and nitrogen isotope analyses of 19
human and 30 animal bone collagen and 31 charred plant samples from the site to explore
subsistence practices in Iron Age Iberia. The majority of the samples analysed refer to the
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moment of the attack, and so provide a more synchronous view of diet, inferred via stable
carbon and nitrogen isotopic analysis, than is usually possible. The fact that cremation was the
dominant funerary treatment in Late Iron Age communities across Europe makes these
paleodietary findings of crucial importance, as very few isotopic data for this period are
available in the literature (e.g. Salazar-Garcia et al., 2010). The results are compared with other
archaeological sources of information to contextualize the new evidence.

2. Context

The archaeological site of La Hoya (Laguardia, Alava) is located in the Rioja Alavesa region of
north-central Iberia (Fig. 1). It extends over ca. 4 ha, of which a small fraction of 6230 m?, i.c.
15.5% of the total area, has been excavated, unearthing an impressive protohistoric settlement.
This was founded in the Middle Bronze Age around the 15th century BC, and saw use during
the Late Bronze Age, the Iron Age I and the Iron Age II (Celtiberian phase) (Llanos, 1983).

The privileged position of the settlement (600 masl) in the fertile valley of the Ebro River, in
close proximity to Sierra de Cantabria-Tolofilo mountain range, was key for its development.
The location granted not only access to both low and upland resources, but also to the main
communication routes between the Cantabrian, Mediterranean and Inner Plateau regions. This
favored the flow of people, objects and ideas and, therefore, the economic and political growth
of the village. During the Iron Age II (Celtiberian period, layer A3), the village reached its
greatest extension and formal complexity, with an enclosing masonry wall, paved streets, public
spaces as squares, more than 300 buildings (including dwellings, shops, hybrid buildings
conjoining commercial and domestic roles, and communal buildings) (Llanos, 1983), and an
estimated population of ca. 1500 people (Galilea, 2003). That, together with the existence of
large food surpluses (Mariezkurrena, 1990), the presence of pottery and metal production,
evidence of medium- and long-distance exchange of luxury items including personal
adornments and weapons, and the presence of potential warrior aristocracies deposited in the
extramural cremation necropolis of Pifiuelas (Llanos, 2005), suggest that the settlement was a
major center for social, economic, commercial and political activities.

However, this privileged setting was a double-edged sword, as its location in the valley
lowlands —contrary to most of the coeval settlements of the region, which are located on
hilltops— implied weakness in its natural defenses, being particularly important in a border area
where different pre-Roman ‘tribes’ (e.g. Berones, Vardulii, Vascones and Caristii) disputed
control of the territory. The site was violently attacked, set on fire and abandoned at some point
between the mid-4th and the late 3rd centuries BC, based on associated material culture and new
radiocarbon dates on human remains (layer A3: 365-204 cal. BC, 2215 + 20 BP, PSUAMS-
3466; 361-195 cal. BC, 2195 + 25 BP, PSUAMS-2078) (Olalde et al., 2019). The resulting
material evidence provides a unique snapshot of life in the Iberian Iron Age.

3. Research approach

Stable carbon (8'°C) and nitrogen (8'°N) isotope analysis of plant remains provides information
on aspects of past subsistence strategies. Crop 8'"°N values largely reflect "N of the soil in
which they are grown. In particular, use of animal manure has been found to increase the 3N
values of arable soils and in cereals by as much as 10%eo, relating to the amount and frequency of
manuring (Fraser et al., 2011), as well as to the type of organic matter compost, animal manure
and household waste applied (Szpak, 2014). 8"C values reflect the movement of carbon dioxide
through the stomata, which in dry climates is strongly influenced by the water status of a crop
during its growth period (Wallace et al., 2013), whether through direct watering or by strategic
planting of relatively demanding crops in wetter soils, and by the type of landscape in which
plants grow (e.g. open vs. forested areas) (e.g. Bonafini et al., 2013).
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Stable carbon (5"°C) and nitrogen (3'°N) isotope analysis of bone collagen in humans and
animals also provides information on aspects of past diet. In Iron Age inner Iberia, where
domestic C,4 plant cultivation is present from the Middle Bronze Age (Moreno-Larrazabal et al.,
2015), 8"°C measurements can be primarily used to distinguish between C; and C,
photosynthetic pathways, with the former including cereals such as wheat, oat and barley,
pulses and the vast majority of edible wild plants, and the latter comprising principally millets.
Bone collagen will yield values of ca. -21%o and ca. -5%o in pure C; and C4 consumers,
respectively. The situation, however, may be complicated by the fact that organisms in some
freshwater systems display elevated 8"°C values that are intermediate between C; and C,
systems (Dufour et al., 1999). Little is known concerning freshwater systems in the Ebro valley
specifically, although the few modern fish that have been analyzed from the region show low
rather than elevated values (Soto et al., 2011). 8"°C values also reflect the type of landscape in
which animals graze and humans obtain their dietary resources (e.g. open vs. forested areas).
8'"°N measurements primarily reflect trophic position in a food web (Hedges and Reynard,
2007), though again there are other factors to consider, including the consumption of manured
crops (which, as mentioned above, can be inferred through the direct isotope analysis of
archaeological plants) and physiological effects (e.g. illness or starvation) that may increase
human stable nitrogen isotope values (e.g. Beaumont et al., 2018).

4. Material

Nineteen human bone samples have been analyzed to reconstruct Iron Age Il diet. They belong
to different individuals from layer A3 (Iron Age II, Celtiberian period), of which 13 correspond
to potential victims of the attack. Their remains, some of which show skeletal evidence of
violence (e.g. decapitations, arm amputations and other postcranial sharp force injuries), were
found scattered through the streets and the floors of households (Llanos, 2005) (Fig. 2). The
remaining six individuals included in the study are a selection of the 131 infants buried under
the houses of La Hoya (Galilea and Garcia, 2002). Their inclusion is intended as a pilot study on
early life diets at the site, which may be expanded in the future. Since cremation was the main
funerary treatment for adults, adolescents and children, infant intramural burials provide the
only available human remains from normative funerary contexts.

In addition, 30 faunal bone samples, including 7 cattle (Bos taurus), 11 sheep/goat (Ovis
aries/Capra hircus), 10 domestic pigs (Sus domesticus), 1 dog (Canis familiaris) and 1 chicken
(Gallus domesticus), and 31 charred bulk plant samples, including 6 of bread wheat (Triticum
aestivum/durum), 4 of einkorn wheat (7Triticum monococcum), 6 of emmer wheat (Triticum
dicoccum), 2 of spelt (Triticum spelta), 3 of naked barley (Hordeum vulgare), 2 of oat (Avena
sp.), 3of millet (Panicum milliaceum) and 5 of acorn (Quercus sp.), have been analyzed for
baseline and subsistence insights for the human assemblage.

5. Methods

5.1. Osteological analysis

Morphognostic methods were used for human age and sex estimation. Age estimation was
based on a complete assessment of skeletal and dental development, maturation, wear and
degeneration of all available skeletal elements (White and Folkens, 2005). Adolescent and adult
sex estimation primarily made use of dimorphic pelvic features, followed by cranial

morphology (Buikstra and Ubelaker, 1994; Ferembach et al., 1980).

5.2. Isotope analysis
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Charred plant isotope preparation was carried out following an acid-only procedure (Vaiglova et
al., 2014). Sample weight was between 0.2 and 0.15 g (i.e. 7 and 12 homogenized grains per
sample for C; cereals and millet, respectively, to obtain an average isotopic ratio of crop
growing conditions (Nitsch et al., 2015), and the half of one individual nutmeat for acorns). The
homogenized powders of each plant sample were weighed into tin capsules for IRMS analysis
on a SerCon EA-GSL continuous flow 20/22 isotope ratio mass spectrometer coupled with an
elemental analyser at the Research Laboratory for Archaeology and the History of Art
(RLAHA), University of Oxford. The 8"°C and 8"°N values were measured in separate runs due
to low %N in the plant samples. An alanine standard was used to correct for machine drift. For
8"C, two-point normalization to the VPDB scale was obtained using IAEA-CH6 and IAEA-
CH7, while for "°N the standards were IAEA-600 and IAEA-N2 (cf. Coplen et al., 2006). The
8"C and 8" N values of carbonized plant remains were corrected for the effect of charring by
subtracting 0.11%o and 0.31%o, respectively (Nitsch et al., 2015). The A"”C values of
archaeological plants were calculated from the measured 5'"°C values (8" Cplant) and a 8" Cir
value approximated by the AIRCO, LOESS system (Ferrio et al., 2005). The equation was
defined by Farquhar et al. (1989). There are no set rules for accepting or rejecting plant isotope
measurements based on their C:N ratios, as there are with collagen. In order to assess the
reliability of the crop isotope measurements obtained in this study, parameters are compared to
those of experimentally charred cereals (Fraser et al., 2013).

Human and animal collagen extraction was carried out following a modified Longin method
(Richards and Hedges, 1999). Sample weight was between 0.5 and 0.8 g. The carbon and
nitrogen isotope ratios were measured in duplicate into a SerCon EA-GSL continuous flow
20/22 isotope ratio mass spectrometer coupled with an elemental analyser at the RLAHA.
Stable carbon and nitrogen isotopic compositions were corrected for machine drift relative to
the VPDB and AIR scales using the abovementioned alanine standard. Measurements were
adjusted using a three-point calibration comprising two in-house collagen standards and one
international standard with well-characterized isotopic compositions extending beyond those of
the measured samples: SEAL-1 (seal bone collagen) and COW (cow bone collagen), and IAEA-
600 (caffeine), respectively. Collagen preservation quality was assessed according to several
widely used criteria: collagen yield greater than 1%, carbon content between ca. 30 and 44%
weight (wt%), nitrogen content between ca. 11 and 16 wt%, and atomic weight C/N ratios
between 2.9 and 3.6 (Ambrose, 1990; DeNiro, 1985; van Klinken, 1999).

For both plant and collagen measurements, precision was determined to be = 0.2%o for both
8"3C and 8"°N on the basis of repeated measurements of calibration standards and samples.

5.3. Statistical analysis

Statistical analysis of results was performed using IBM SPSS software for Windows v17. Z-
scores were initially calculated to detect the presence of outliers. Shapiro-Wilk tests were used
to assess whether or not the data were normally distributed. For two-sample comparisons,
Student’s t-tests were employed when the data did not depart significantly from a normal
distribution; when they did, non-parametric Mann-Whitney U-tests were used. For more than
two groups, one-way ANOVA tests were conducted, since all the datasets analyzed were
normally distributed with approximately equal variance. Post-hoc Tukey’s HSD tests were used
to detect significant differences between sample groups. Finally, Pearson’s 7/+” and Spearman’s
rho coefficients were used to assess correlations as appropriate. A significance level of 0.05 was
used for all tests.

6. Results and discussion

6.1. Manuring intensity and crop management in relation to water resources, spatial
variation in agricultural strategy and gathering
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Plant isotope measurements (Table 1) are consistent with those obtained from modern
experimentally charred cereals (Fraser et al., 2013), suggesting that the results are reliable. The
8"°C values are consistent with their different photosynthetic mechanisms, showing mean values
of —22.8 + 1.4%o for C; plants (—22.4 &+ 0.9%o for cereals and —24.6 + 1.9%o for acorns) and of —
10.8 + 0.2%o for C4 millet grains (Fig. 3). The calculated A"°C values of wheat (bread wheat,
einkorn, emmer and spelt combined) (16.0 £ 0.4%o) and barley (17.0 £ 0.6%o) suggest poor to
moderate watering conditions (Wallace et al., 2013) (Fig. 4), in keeping with what would be
expected if the water status of crops was mainly driven by rainfall (600-700 mm per annum at
present, Ninyerola et al., 2005). However, these results do not exclude some degree of water
management such as strategic growing of some crops in areas with better water supply (i.e.
close to marshland or streams found near the site). Indeed, while the vast majority of the barley
samples fall into the poorly watered band, half of the wheat samples fall into the moderately
watered band. The better water status of wheat compared to barley may support a deliberate
agricultural practice, since barley generally tolerates drier conditions better than wheat (Richl,
2009). The remaining cereal grains (oat and millet) and the acorns (nutmeat) lack experimental
studies for comparison.

The relatively high 3"°N values obtained suggest that wheat and barley (7.0 = 0.8%o and 6.8 £
0.6%o, respectively) grew under high manuring conditions, while oat values (3.8 + 0.4%o0) had
medium manuring levels (Fraser et al., 2011). Manure is a heavy and bulky resource to transport
so that manuring intensity is generally directly proportional to transport distance (Styring et al.,
2017). Thus, it is possible to suggest that the plots immediately surrounding the settlement area
at La Hoya, where animal dung from stabled livestock and/or midden material accumulates,
were preferentially devoted to wheat and barley cultivation as those cereals show higher 5"°N
values on average. Spatially, then, it is also plausible to assume that the more variable manuring
levels seen in bread wheat (6.5 = 1.0%o), possibly the most common crop in the site, reflects a
spectrum of manuring intensity radiating out from the village, from intensively managed
‘infield” areas to more extensively managed fields further away from the settlement. High 5"°N
values of millet (10.2 + 0.4%o), the only C, plant analyzed, may also suggest high manuring
conditions. However, as aridity can increase plant 3'"°N values, and millet is a summer crop and
there are no experimental studies for comparing manure intensity specifically for this crop, this
is difficult to infer. Acorn nutmeat 5'°N values show high variability (3.6 + 2.4%o), suggesting
either that they were gathered from very diverse environments, or that they display high natural
variability: the paucity of isotopic research on acorns prevents choosing between these
alternatives, though the former seems more likely.

Finally, analyzing both intra- and inter-household variability in A"C and §"°N values of C;
cereals reveals interesting patterns. The fact that crops recovered from each household show
very low variability in both A"°C and 8'"°N values, even including different taxa (e.g. household
304 (n = 8): A”C 16.5 + 0.6%o0, 8"°N 6.8 + 0.5%o; household 72 (n = 6): A”C 15.7 + 0.3%o, 5"°N
7.6 + 0.5%o; household 5 (n = 4): A”C 16.2 £ 0.2%o, 5'°N 6.4 + 0.6), is worth noting. These data
are consistent with the average isotope values established for single growing conditions, which
fall within % 0.5%o for 8"°C and £ 1.0%o for 8"°N (Nitsch et al., 2015), suggesting that individual
households had access to specific arable fields (e.g. a single or various plots located at a similar
distance from the village) encompassing a low spectrum of agricultural intensity. Related to
this, a significant drop in cereal pollen observed at La Hoya from Iron Age I to Iron Age II has
been interpreted to be the result of either a subsistence shift from farming to a more specialized
pastoral economy or placement of arable plots at greater distances from the settlement in the
later period (Iriarte, 2002). Such clustering also rejects the possibility that the harvest was
pooled prior to storage and/or that cereal surpluses were exchanged among households, and thus
supports a high degree of self-sufficiency for food production (e.g. Styring et al., 2016).

With regard to inter-household variability, one-way ANOVA tests indicate significant
differences between households both in AC (Fia, 16) = 4.8, p = 0.024) and in 8"°N (F2,16) = 7.7,
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p =0.005), with no differences in variance (Levene’s test: ABC,p =0.221; 615N,p =0.762).
The application of a post-hoc Tukey HSD test shows that cereal values of household 72
significantly differ from those of households 304 and 5 (household 54 was excluded from
analysis for its small sample size (n = 2)), showing clearly lower A"°C and higher 5'°N mean
values (see above). The differences are not driven by the type of crop analyzed at each
household, since the three samples include a combination of different taxa (cf. Table 1), which
moreover show low isotopic variability. As cereal grains recovered at La Hoya derive from a
single harvest, they suggest coeval variation in crop-growing and land-use conditions between
households, which may relate to the social dimension of crop-husbandry practices (e.g. Styring
et al., 2016). Grains collected from household 72, one of the largest buildings in La Hoya with
an area of nearly 75 m” (cf. Fig. 2), indicate that their cultivation may have taken place in a
more intensive managed ‘infield' zone, while grains from smaller households at the site (usually

<50 mz), as households 304 and 5, may have derived from less well-manured fields at greater
distances from the settlement, providing evidence of a potential relationship between household
size and specific access to cultivable land. This supports the existence of socioeconomic
differences between households, particularly differential access to the most productive growing
areas (e.g. Bogaard et al., 2011).

6.2. Livestock management

Twenty-eight of the 30 faunal samples analyzed provided collagen yields, carbon and nitrogen
percentages and C:N ratios indicating well-preserved collagen (Table 2). The remaining two
(LHY21 and LHY44) exhibited %C and %N below the generally accepted limits. However,
these have been retained for subsequent analyses, given that the other two criteria show values
within the accepted ranges and their §"°C and §'°N values do not substantially differ from those
samples of the same species showing acceptable collagen preservation.

The 8"3C and 5"°N ratios for herbivores are consistent with expectations for a temperate C;
ecosystem. Cattle show mean 8"°C values of —21.1 + 0.2%o and mean 8"°N values of 5.0 +
1.1%o, while ovicaprines show mean §'"°C values of —20.1 + 0.5%o and mean §'"°N values of 6.0
+ 1.0%o. Cattle mean 8"°C values are thus significantly lower (by 1%o, U= 1.5, Z=3.374,p =
0.001), suggesting their grazing in more forested areas, whereas ovicaprines might have made
use of more open pastures. Suids show mean 8'°C values of —20.4 + 0.3%o and mean 5"°N values
of 5.6+ 0.3%o, indicating a herbivorous diet similar to that of ovicaprines (Fig. 5), which clearly
differs from Neolithic and Chalcolithic isotope data in the same region, where pigs are mostly
omnivorous (Fernandez-Crespo and Schulting, 2017). The isotope values of the only dog
available in the sample (8"°C:=19.5; 8'"°N: 7.6) are consistent with the consumption of a more
diverse range of foods, perhaps including domestic waste. Those of the only chicken analyzed
(8"C:=17.3; 8"°N: 10.1) suggest that this bird was also fed with domestic waste and possibly
foddered with C4 millet.

6.3. Human subsistence

The 19 human samples analyzed provided collagen yields, carbon and nitrogen percentages and
C:N ratios indicating well-preserved collagen (Table 3). Mean 8"°C and 5"°N values are —18.0 +
1.0%o and 11.3 + 1.8%o, ranging from —16.2%o to —19.7%0 and from 8.9%o to 14.9%o,
respectively. Such high variability is clearly driven by the notably higher mean carbon (+1.7%o)
and nitrogen (+3.6%o) isotope values of infants and young children compared to those of adults,
adolescents and perinatal individuals (8"°C: t=5.433, df = 17, p < 0.001; §"°N: ¢ = 8.135, df =
17, p <0.001), which cluster reasonably tightly (cf. Fig. 5). The fact that perinatal individuals’
values are similar to those of adults and adolescents (but different to the infants and children) is
consistent with the former still reflecting their mothers’ isotope signals, as a result of dying at or
shortly after birth, i.c., before being breastfed, as is supported by their lower 8"°N values.



331 The higher 5"°N values of infants and young children can be explained by the nursing signal,
332  raising infants approximately a trophic level (ca. 3-4%o) above their mothers (e.g. Herrscher et
333 al., 2017). The mean difference of 1.7%o in 8"°C, however, is too high to be exclusively due to
334  breastfeeding, which would usually result in an increase of ca. 1%o at most (e.g. Fuller et al.,
335  2006), and suggests the existence of age-related dietary differences. These differences could be
336  explained by the greater consumption of Cy4 cereals by infants and young children, which

337  combined with continued nursing would elevate both carbon and nitrogen isotope values,

338  resulting in the aforementioned correlation. It is likely that millet, which has been identified in
339  the archaeological record of La Hoya and is thought to be a significant crop in Iberia since the
340 Middle Bronze Age (Moreno-Larrazabal et al., 2015), was introduced during the weaning

341  process as easily digested porridge made through cooking grains in water or milk (Table 4).
342  This would provide a nutritious, easily digestible weaning food for children (WHO, 2009).
343  Similar infant feeding practices have been documented in other regions and periods, including
344  Neolithic China (Yi et al., 2018), Bronze Age Greece (Nitsch et al., 2017), Roman Egypt

345  (Dupras et al., 2001) and modern Africa (Pelto et al., 2003).

346

347 The significant positive correlation (r2 =0.811, p <0.001; rho = 0.850, p < 0.001) observed
348  in the human carbon and nitrogen isotope values is partly driven by the difference between
349  infants and young children and the other age categories, but it still remains if the former are
350  excluded (¥ = 0.471, p = 0.007; rho = 0.642, p = 0.013). This suggests some differential

351  consumption of millet among adolescents and adults, whose isotopic signals are consistent
352  with mainly C; plant-based diets. Contribution of domestic C; plants is expected to have

353  principally come from wheat and barley, which are abundant in the palaeobotanical record
354  of the site and may have been used for the production of bread and of alcoholic beverages

355 (Dietler, 1990).

356

357  In addition to the domestic cereals, a range of wild vegetables, tubers, fungi and nuts (e.g.

358 acorns, hazelnuts, walnuts and chestnuts) could have been exploited directly by humans, as
359  well as featuring indirectly through the diets of animals, particularly those of pigs. Pliny the
360  Elder pointed out the particular importance of acorns in the subsistence of northern Iberian
361  Iron Age populations, whose flour was commonly used to make bread (Torres-Martinez,

362  2003). Pulses such as pea, bean and vetch are also expected to have contributed to diets.

363  However, there is virtually no information on legume macro-remains recovered either in

364  this settlement or in nearby coeval sites, though they are known to have featured in other

365  Iberian regions during the Iron Age (e.g. Alonso, 2008) and in Roman and later cuisines

366  (e.g. Pena-Chocarro et al., 2019). Forest fruits and berries (e.g. apple, pear, wild cherry,

367  whitebeam, rowan, hawthorn, elderberries, blackberries, etc.) would have provided dietary
368  diversity (Zapata, 2000), though with generally low protein content they would not be

369  expected to contribute significantly to stable isotope measurements in bone collagen.

370

371  Animal contribution to diet would have consisted mainly of meat and dairy products from cattle
372  and ovicaprines, and meat from pigs. The consumption of animal products is supported by the
373  identification of palmitic acids, which are abundant in meat and dairy products, in eight of nine
374  pottery Celtiberian vessels studied at La Hoya (Lopez-de-Heredia, 2014). Unfortunately, stable
375  isotope results do not allow the assessment of which of those three main taxa contributed more
376  to human diet, since they show overlapping values similar to those of herbivores. However,
377  zooarchaeological analysis of Iron Age Il faunal assemblages from layer A3 suggests the

378  predominance of cattle (NISP = 2399, 34.8 %) —in terms of meat weight and dairy— and pigs
379  (NISP =3109, 45.2 %), while ovicaprines held a secondary position (NISP = 1210, 17.6 %)
380  (Mariezkurrena, 1990). This contrasts to the preceding Iron Age I (layers B2 and B1) where
381  cattle (NISP = 1486, 30.4 %) and ovicaprines (NISP = 1860, 38.1 %) were predominant, with
382  pigs of less importance (NISP = 1058, 21.6 %) (Fig. 6). This marked shift from sheep and goat
383  to pig may be linked to the aforementioned change in crop cultivation (Iriarte, 2002), possibly
384  asaresponse to the population growth inferred for the Iron Age Il period (Galilea, 2003).

385
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Other domestic animals comprising horses and chickens, and wild ungulates including red deer,
wild goat, roe deer and wild boar, do not seem to have played a significant role in diet, based on
their minimal presence in the zooarchaeological record (<3% combined). Isotope results do not
show any clear indications that freshwater resources contributed significantly to human diet
either (if so, more depleted 8'°C and enriched 8'°N values would be expected), which is
consistent with the absence of fish remains and of specialized fishing technology at the site.
However, the identification of palmitoleic acids derived from fish fats in one of the
abovementioned nine Celtiberian vessels from La Hoya (Lopez-de-Heredia, 2014), suggests
some occasional consumption below a level that would be detectable in human isotope signals.
Species as trout, barbell, common carp, crayfish or freshwater mussels, all abundant in local
rivers, could have been exploited. Given the site’s considerable distance from the sea (> 100
km), the lack of evidence for any regular contribution of marine resources is unsurprising.

7. Conclusion

The large village of La Hoya was violently attacked, set on fire and abandoned at some point
between the mid-4th and the late 3rd centuries BC, providing a unique snapshot of Iron Age
subsistence in northern Iberia. Adolescent and adult diets seem to be relatively homogeneous,
focusing on C; cereals, such as wheat and barley, together with some wild plants (e.g. acorns)
and meat from cattle, pig, and ovicaprines, as well as dairy. Infant and young children diets
show evidence for higher consumption of C, cereals (i.e. millet), probably used as
complementary food during weaning (i.e. porridge). Inferred differences in manuring intensity
and management in relation to water resources between crops, together with variation in
livestock management strategies, suggest a fully developed agropastoral economy capable not
only of feeding a large population, but also of generating surpluses, which may have favored
economic specialization and social complexity. There are indications of inter-household
differences within the settlement, with crops from the largest dwelling perhaps showing
preferential access to infields, which points to the existence of potential socio-economic
differences among the community.
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Table 1. Charred plant §°C and 5"°N values from La Hoya, layer A3. - ~ =
1 0, 0,

ID Inventory no. sgur:ilrte Household Taxon gi'\il(i)l-ls %C | %N | C:N ?V[?D(E/;()]% o (/E[({;O;) (AO Am;
LHY50 | N1.V18.A3.304.S1.x180.y310.z172.TM.1 V18 304 Triticum monococcum 71585] 3.7 189 -22.4 6.3 16.3
LHY51 | N1.V18.A3.304.S1.x180.y310.z172.TM.2 V18 304 Triticum monococcum 71641 371218 -21.9 7.2 15.7
LHY52 | N1.V18.A3.304.S1.x180.y310.z172.TD.1 V18 304 Triticum dicoccum 71571 ] 45| 14.6 -22.6 7.0 16.5
LHY53 | N1.V18.A3.304.S1.x180.y310.z172.TD.2 V18 304 Triticum dicoccum 71653 42 ] 185 -223 7.5 16.2
LHY54 | N1.V18.A3.304.S1.x180.y310.z172.TA/D.1 | V18 304 Triticum aestivum/durum 71667 40| 184 -22.2 7.3 16.1
LHY55 | N1.V18.A3.304.S1.x180.y310.z172.TA/D.2 | V18 304 Triticum aestivum/durum 6618 | 43| 13.6 -22.6 6.3 16.5
LHY56 | N1.V18.A3.304.S1.x180.y310.z172.H.1 V18 304 Hordeum vulgare 51613 ] 33217 -23.5 6.4 17.4
LHY57 | N1.V18.A3.304.S1.x180.y310.z172.H.2 V18 304 Hordeum vulgare 5]1560] 3.0]214 -23.4 6.5 17.4
LHY58 | N2.Y21.A3.72.A1.x205.y230.2165.TM.1 Y21 72 Triticum monococcum 71635] 39182 -21.7 7.9 15.6
LHY59 | N2.Y21.A3.72.A1.x205.y230.2165.TM.2 Y21 72 Triticum monococcum 71604 | 3.7 20.6 -21.7 7.1 15.5
LHY60 | N2.Y21.A3.72.A1.x205.y230.2165.TD.1 Y21 72 Triticum dicoccum 71616 ]| 3.6 20.6 -223 7.4 16.2
LHY61 | N2.Y21.A3.72.A1.x205.y230.2165.TD.2 Y21 72 Triticum dicoccum 71660 4.1 ] 18.8 -21.6 7.3 15.4
LHY62 | N2.Y21.A3.72.A1.x205.y230.2165.TS.1 Y21 72 Triticum spelta 71687 36213 -22.0 8.5 15.9
LHY63 | N2.Y21.A3.72.A1.x205.y230.2165.TS.2 Y21 72 Triticum spelta 71579 ] 441|159 -21.6 7.5 15.5
LHY64 | N2.Y21.A3.72.A1.x205.y230.2165.H.1 Y21 72 Hordeum vulgare 2 8.6 | 35]329 -22.4 7.5 16.3
LHY65 | N4.A5.A3.5.81.x350.y250.260.TD.1 AS 5 Triticum dicoccum 71590] 43 ] 16.0 -223 6.7 16.2
LHY66 | N4.A5.A3.5.81.x350.y250.260.TD.2 AS 5 Triticum dicoccum 71579 341198 -22.5 6.6 16.3
LHY67 | N4.A5.A3.5.51.x350.y250.260.TA/D.1 AS 5 Triticum aestivum/durum 71603 ] 351202 -22.6 6.9 16.5
LHY68 | N4.A5.A3.5.81.x350.y250.260.TA/D.2 AS 5 Triticum aestivum/durum 71711 ] 331|247 -22.1 5.6 16.0
LHY69 | N5.F7.A3.R54.51.;,2.TA/D.1 F7 54 Triticum aestivum/durum 71644 421175 -21.6 7.7 15.5
LHY70 | N5.F7.A3.R54.51.;,2.TA/D.2 F7 54 Triticum aestivum/durum 71584 | 40] 16.5 -21.6 5.1 154
LHY71 | LHY.Sectorl.V5.x0.y250.z265.M1 V5 37 Panicum milliaceum 12 | 359 | 43| 11.0 -10.8 9.8 4.4
LHY72 | LHY.Sectorl.V5.x0.y250.265.M2 V5 37 Panicum milliaceum 12 | 383 ] 41| 114 -10.9 10.6 4.5
LHY73 | LHY.Sectorl.V5.x0.y250.265.M3 V5 37 Panicum milliaceum 12 1393 | 42| 114 -10.6 10.3 4.1
LHY74 | N°659.Granoincinerado.36.2.2.A.1 - - Avena sp. 51620 ] 42| 187 -24.5 3.5 184
LHY75 | N°659.Granoincinerado.36.2.2.A.2 - - Avena sp. 51670 41213 -25.0 4.1 19.0
LHY76 | LHY.Sector5.Q.1 - - Quercus sp. 1 ]650]| 1.9] 40.0 -22.6 5.8 16.4
LHY77 | LHY.Sector5.Q.2 - - Quercus sp. 1592 1.2 ] 583 -24.2 2.0 18.2
LHY78 | LHY.Sector5.Q.3 - - Quercus sp. 11499 | 1.6 369 -27.2 5.5 21.3
LHY79 | LHY.Sector5.Q.4 - - Quercus sp. 11637 19]39.0 -25.8 0.2 19.8
LHY80 | LHY.Sector5.Q.5 - - Quercus sp. 1507 1.8]33.0 -23.2 43 17.1

! Values corrected for the effect of charring by subtracting 0.11%o (Nitsch et al., 2015).

2 Values corrected for the effect of charring by subtracting 0.31%o (Nitsch et al., 2015).

3 Values calculated using the equation defined by Farquhar et al. (1989), and both the measured 3'C values (613Cplam) and a 8"°C,;, value of —6.48%o approximated by the AIRCO, LOESS
system (Ferrio et al., 2005).
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Table 2. Faunal 3"°C and 3"°N values from La Hoya, layer A3.

: B (o 57 79

ID Inventory no. szljur::rte Household Species Element Age %Col | %C' | %N' | C:N 8(\/%1%]/;0)) ® (EIEQ/;O)
LHY20 | BOS.1 - - Bos taurus Long bone | Adult 7.1 | 383 ] 13.6 | 33 -20.6 6.2
LHY21 | BOS.3 E25 55 Bos taurus Rib Adult? 22 |1 246 85| 34 -21.1 5.7
LHY22 | BOS4 A29 - Bos taurus Femur Adult 23| 440 | 147 | 35 -21.1 6.0
LHY23 | BOS.5 A27 - Bos taurus Femur Nonadult 4.1 1376 | 13.0| 34 -21.1 5.7
LHY24 | BOS.6 727 - Bos taurus Femur Adult 103 | 40.1 | 144 | 32 -21.3 3.6
LHY25 | BOS.7 Y3 38 Bos taurus Long bone | Adult? 62| 421 | 148 | 33 -21.2 4.1
LHY26 | BOS.8 D41 75 Bos taurus Long bone | Adult 144 | 429 | 154 | 32 -21.1 3.9
LHY27 | OVIS/CAPRA.1 | C37 - Ovis aries / Capra hircus | Mandible | Adult? 72| 422 | 152 | 32 -19.3 6.1
LHY28 | OVIS/CAPRA.2 | A21 27 Ovis aries / Capra hircus | Mandible | Adult? 141 | 441 | 159 | 32 -20.0 6.2
LHY29 | OVIS/CAPRA3 | V3 - Ovis aries / Capra hircus | Mandible | Adult/senile 13.6 | 43.6 | 158 | 3.2 -20.4 6.1
LHY30 | OVIS/CAPRA4 | Y2 - Ovis aries / Capra hircus | Mandible | Adult 6.2 | 434 | 154 | 33 -20.0 4.6
LHY31 | OVIS/CAPRA.5 | E25 55 Ovis aries / Capra hircus | Mandible | Adult/senile 521389 | 138 ] 33 -19.8 4.4
LHY32 | OVIS/CAPRA.6 | A3l - Ovis aries / Capra hircus | Mandible | Adult/senile 4.0 | 420 | 148 | 33 -19.4 7.3
LHY33 | OVIS/CAPRA.7 | Z27 - Ovis aries / Capra hircus | Mandible | Adult? 531386 136| 33 -20.6 6.2
LHY34 | OVIS/CAPRA.8 | C9? - Ovis aries / Capra hircus | Mandible | Nonadult 102 | 41.7 | 151 | 32 -20.4 6.8
LHY35 | OVIS/CAPRAY9 | - - Ovis aries / Capra hircus | Mandible | Adult 93 1431 | 155 | 3.2 -21.0 6.8
LHY36 | OVIS/CAPRA.10 | A29 - Ovis aries / Capra hircus | Calcaneus | Adult 531429 | 154 | 33 -20.1 4.7
LHY37 | OVIS/CAPRA.11 | V3 - Ovis aries / Capra hircus | Metatarsal | Adult? 271296 | 105 | 33 -20.5 6.3
LHY38 | SUS.1 A37 61 Sus domesticus Mandible | Nonadult 331345 119 | 34 -20.9 5.5
LHY39 | SUS.2 737 61 Sus domesticus Mandible | Adult 531426 | 149 | 33 -20.3 59
LHY40 | SUS.3 735 61 Sus domesticus Mandible | Adult 6.1 | 40.0 | 143 | 33 -20.4 5.7
LHY41 | SUS.4 X35 61 Sus domesticus Mandible | Nonadult 531424 ] 150] 33 -20.3 59
LHY42 | SUS.5 C37 20 Sus domesticus Mandible | Adult 20 30.1 ] 103 | 34 -20.2 52
LHY43 | SUS.7 C37 20 Sus domesticus Mandible | Adult 2.1 | 368 | 129 | 33 -20.1 6.2
LHY44 | SUS.8 C7 20 Sus domesticus Mandible | Nonadult 1.5 ] 22.7 78 | 34 -21.0 53
LHY45 | SUS.9 C41 20 Sus domesticus Mandible | Adult 331340 ] 121 | 33 -20.4 5.8
LHY46 | SUS.SN.1 F15 - Sus domesticus Maxilla Adult 23331 | 11.8| 33 -20.4 5.6
LHY47 | SUS.SN.2 A27 - Sus domesticus Mandible | Adult 62| 365 | 129 | 33 -20.1 53
LHY48 | CANIS F17 57 Canis familiaris Mandible | Adult 30378 | 133 | 33 -19.5 7.6
LHY49 | GALLUS X19 29 Gallus domesticus Long bone | Adult 331447 155 34 -17.3 10.1

' Anomalous %C and %N are shown in italics.
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Table 3. Human 8"C and 8"°N values from La Hoya, layer A3.

- EP=grs 5 (o

ID Inventory no. Sé{gﬁe Household Context Element Age' Sex? | %Col | %C %N C:N S(Vglggo)) 8 (Ell(i/;())
LHY1 ACC-51, ACC-74 Al17-Z19 22 Attack Scaphoid 1A M? 34| 36.2 12.9 3.3 -18.7 9.6
LHY2 ACC-73 Y19 - Attack Skull YA (ca. 30) M 7.1 | 43.0 14.8 34 -18.8 10.3
LHY3 ACC-108 B33 - Attack Sacrum YA (ca. 35) M 5.6 | 45.1 15.6 34 -18.6 11.9
LHY4 ACC-142 B37 - Attack Skull MA F 5.1 | 37.2 13.2 3.3 -18.3 10.0
LHYS ACC-136 C37 - Attack Mandible MA (45-55) F 4.0 | 394 13.8 3.3 -18.6 9.6
LHY6 ACC-112, ACC-158 F15 - Attack Skull J (12-15) F? 24 | 33.8 11.7 34 -19.0 10.2
LHY7 LHY.X16.x130.y270.2267 X16 - Attack Coxal J (15-19) M 5.9 | 437 15.7 3.3 -17.5 11.0
LHYS8 LHY.A3.Y16.x390.y345.2250 Y16 - Attack Humerus 1A ? 43 | 453 15.7 34 -18.4 11.1
LHY9 flgg?;&k?:;;gégsygé‘)z108) A27-A29 - Attack Vertebra 1A M 8.4 | 433 15.5 33 -18.3 10.2
LHY10 | LHY.A3.x163.y53.z10 ? - Attack Humerus 1A ? 1.5 | 327 114 3.3 -19.7 8.9
LHY11 | ACC-63 Y9 - Attack Skull 1A ? 6.9 | 45.2 15.6 34 -18.9 10.1
LHY12 | ACC-129 X35 61 Attack Skull C(ca.3) ? 24| 37.1 12.9 34 -17.5 13.6
LHY13 | ACC-13 AlS 10 Attack Skull I (6+3 months) ? 6.9 | 36.1 13.1 3.2 -16.2 14.5
LHY14 | INH-97 F21 48 Infant burial | Mandible P ? 32| 419 14.7 3.3 -18.6 9.9
LHY15 | INH-163 X25 41 Infant burial | Skull 1 (0-6 months) ? 11.7 | 44.9 16.0 3.3 -16.2 14.9
LHY16 | INH-175 Y22 - Infant burial | Skull 1 (943 months) ? 7.0 | 373 13.3 3.3 -17.3 13.6
LHY17 | INH-186 F29 63 Infant burial | Tibia P ? 12.8 | 40.0 14.2 3.3 -17.8 10.6
LHY18 | INH-235 Y12 95 Infant burial | Skull P ? 16.3 | 42.2 14.9 3.3 -17.5 12.0
LHY19 | INH-244 V6 100 Infant burial | Skull I (6+3 months) ? 9.0 | 45.8 16.3 3.3 -16.8 13.2

p= perinatal, I = infant, C = child, J = adolescent, YA = young adult, MA = mature adult, IA = indeterminate adult.

’M = male; M? = probable male; F = female; F? = female; ? = indeterminate.
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Table 4. Summary of mean human, animal and plant §°C and §"°N values, by species

3"C (%o) 8N (%o)
Species (age) n (VPDB) (AIR)

X c X c
Human (perinatal) 3 -18.0 0.6 10.8 1.0
Human (infant) 5 -16.8 0.6 14.0 0.7
Human (adolescent) 2 -18.2 1.0 10.6 0.6
Human (adult) 9 -18.7 0.5 10.2 0.8
Bos taurus 7 -21.1 0.3 5.0 1.1
Ovis aries/ Capra hircus 11 -20.1 0.5 5.9 1.0
Sus domesticus 10 -20.4 0.3 5.6 0.3
Canis familiaris 1 -19.5 - 7.6 -
Gallus domesticus 1 -17.3 - 10.1 -
Triticum sp. 18 -22.1 0.4 7.0 0.8
Hordeum vulgare 3 -23.1 0.6 6.8 0.6
Avena sp. 2 -24.7 0.4 3.8 0.4
Panicum milliaceum 3 -10.8 0.2 10.2 0.4
Quercus sp. 5 -24.6 1.9 3.6 2.4
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Fig. 1. Map showing the location of La Hoya in the Rioja Alavesa region, north-central
Iberia, and aerial photography of the site taken from NE to SW (Llanos, 2005).
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Fig. 2. Map of Sector I1I, layers A3/A2 (Iron Age 11/ Celtiberian period), of La Hoya. The
locations of the majority of the human skeletons studied and of the human, faunal and plant
samples used for isotope analyses are shown for reference. The map is accompanied on both
sides by pictures of scenes of killing and devastation and of diverse material evidence recorded
during excavation (Llanos, 2005), which are related to or coeval with the attack suffered by the
village between the mid-4th and the late 3rd centuries BC. 4) and B) complete skeletons of two
pigs (LHY42 and LHY43) and vessel remains found on the floor of the village’s main square
(excavation square C37); C) example of charred plant remains found in abandoned vessels (top
left: einkorn wheat / Triticum monococcum; top right: emmer wheat / Triticum dicoccum;
bottom left: oat / Avena sp.; bottom right: acorn / Quercus sp.); D) vessels found in a house that
was burnt down (household 89, square B31); E) infant burial found below the floor of
household 305 (square Y24); F) skeleton of a young adolescent (LHY 6) found on the street in
square F15, with amputated right arm; G) skeleton of a young adult male (LHY2) showing right
arm amputation as well as signs of burning, found on the street in square Y 19; H) skeleton of a
decapitated young adult male with postcranial mutilation, found on the street in square B33; /)
isolated skull found on the floor of the village’s main square (excavation square B37)
(Fernandez-Crespo et al., 2019).
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Fig. 3. Dispersion of 3"°C and 5"°N isotope results obtained for La Hoya’s plant samples.
The §"°C and "N values have been corrected for the effect of charring on carbonized plant
remains by subtracting 0.11%o and 0.31%o., respectively, from their determined measurements
(Nitsch et al., 2015).

Fig. 4. Boxplot of A”C values of wheat (bread wheat, einkorn, emmer and spelt combined)
and barley. Experimental values for wheat and barley watering conditions (Wallace et al.,
2013) are shown for comparison.
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Fig. 5. Dispersion of human and faunal "*C and 5"°N values of La Hoya.
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Fig. 6. Number of Identified Specimens (NISP) of the ungulate remains recovered from La
Hoya Iron Age I and Iron Age II phases (data obtained from Mariezkurrena, 1990).
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Figure captions

Fig. 1. Map showing the location of La Hoya in the Rioja Alavesa region, north-central

Iberia, and aerial photography of the site taken from NE to SW (Llanos, 2005).

Fig. 2. Map of Sector III, layers A3/A2 (Iron Age 11/ Celtiberian period), of La Hoya. The
location of the majority of the human skeletons studied and of the human, faunal and plant
samples used for isotope analyses is shown for reference. The map is accompanied on both
sides by pictures of scenes of killing and devastation and of diverse material evidence recorded
during the excavation of the site (Llanos, 2005), which are related or coeval to the attack

suffered by the village between the mid-4th and the late 3th centuries BC.

Fig. 3. Dispersion of 613C and 815N isotope results obtained for La Hoya’s plant samples.
The 613C and 815N values have been corrected for the effect of charring on carbonized plant
remains by subtracting 0.11%o and 0.31%o., respectively, from their determined measurements

(Nitsch et al., 2015).

Fig. 4. Boxplot of A13C values of wheat (bread wheat, einkorn, emmer and spelt combined)
and barley. Experimental range values for wheat and barley watering conditions (Wallace et

al., 2013) are shown at the background for comparison.

Fig. 5. Dispersion of human and faunal 613C and 815N values of La Hoya. Human values are

distributed by age.

Fig. 6. Number of Identified Specimens (NISP) of the ungulate remains recovered from La

Hoya Iron Age I and Iron Age II phases, displayed as percentages (data obtained from

Mariezkurrena, 1990).
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