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Abstract

The Bronze Age village of Politiko- Troullia, located in the foothills of the copper-bearing Troodos mountains of central Cyprus, was
occupied ~2050-1850 cal BCE. Excavated evidence shows that community activities included copper metallurgy (ore processing,
smelting and casting), crop cultivation, and rearing of livestock. Faunal analysis reveals day-to-day subsistence practices that
included consumption of sheep, goat, cattle, and pig, as well as community-scale ritual feasting focused on fallow deer, Dama
dama mesopotamica. In this paper, we present bone collagen stable isotope data from these taxa to infer how these animals were
managed. We incorporate stable isotope baselines calculated from modern cereal grains and compare these to archaeological
seeds from Politiko- Troullia. Mean values of 5'3C and 8'°N cluster for livestock consistent with a diet of C3 plants, with a wider
range in goats that suggests free-browsing herds. Higher &'°N values in cattle may reflect supplemental feeding or grazing in
manured fields. Plant isotope values suggest livestock diets were predominantly composed of cultivated taxa. In contrast, deer and
pig bones produce more negative mean 5'3C and 55N values suggesting that the villagers of Politiko- Troullia complemented their
management of domesticated animals with hunting of wild deer and feral pigs in the woodlands surrounding their village.
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Introduction

The human settlement of Cyprus in the early Holocene is attested at several aceramic Neolithic sites, notably Parekklisha
Shillourokambos, Khirokhitia Vouni, and Kritou Marottou Ais Giorkis. These early settlers would have encountered few endemic wild
animals. Late Pleistocene fauna included pygmy elephants, dwarf hippos, genets, and shrews [1, 2], though the elephants and
hippos had been extirpated, possibly by humans [3] prior to Neolithic colonization. Cyprus stands as an intriguing example of the
dispersal of key taxa from the Near East into Europe during the first half of the Holocene, as humans transported them from the
mainland, perhaps through multiple introductions [4, 5]. In addition to domestic animals such as sheep (Ovis aries), goats (Capra
hircus), cattle (Bos taurus), pigs (Sus scrofa)—and even cats (Felis silvestris lybica)—wild species including fallow deer (Dama
dama mesopotamica) and fox (Vulpes vulpes) also were imported [2, 5, 6].

Questions persist surrounding the domestic status and management of these taxa from the time of their introduction in the Neolithic
(c. 9,000 cal BCE), into later periods, including the Bronze Age (c. 2,500 cal BCE). Were wild goats and pigs introduced to establish
stock, and then hunted? Or, if they were indeed tame, how intensively were they husbanded? Were fallow deer populations
managed alongside other animals, and if so, to what extent? For instance, Vigne and others used demographic profiles of faunal
remains at Shillourokambos (8750—6830 cal BCE) to determine that sheep and cattle were present in their domestic forms and
were managed as such, while all of the goats and about half of the pigs at the site were wild or feral [2]. At Ais Giorkis (7950—-7060
cal BCE), fallow deer are the dominant species in the faunal assemblage, and Simmons [3] suggests hunting of deer followed by
pig husbandry as the main modes of animal food production, with some herding of sheep and goat. Simmons reasons that the low
proportion of cattle bones may reflect their ritual use. Though smaller body size generally is considered indicative of domestic
status, it is also a hallmark of island populations. Therefore, the management of any species must consider multiple lines of
evidence. Demographic profiles paired with stable isotope data provide further insight into changing management practices and the
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utilization of domestic, feral, and wild animals on the island throughout the duration of the Holocene.

The Early and Middle Bronze Ages of Cyprus (cf. Early and Middle Cypriot, c. 2500—1500 BCE) were characterized by dispersed
villages practicing agriculture and copper metallurgy [7]. The best excavated settlements from these periods include Alambra
Mouttes [8, 9], Marki Alonia [10, 11], Sotira Kaminoudhia [12], and Politiko- Troullia [13]. These villages were likely politically
autonomous, yet linked economically, prior to the development of urbanism on Cyprus in the Late Bronze Age/Late Cypriot, c.
1500-1050 BCE [7]. At the Middle Bronze Age site of Politiko- Troullia, inhabitants utilized a range of both wild and domestic
resources by practicing agriculture and arboriculture, harvesting fuelwood, hunting wild deer and feral pig, and herding sheep, goat,
and cattle [13—16]. Spatial patterns of bone deposition at Troullia indicate communal deer feasting in public courtyards, with routine
consumption of sheep, goat, and cattle in domestic contexts [17].

On some Mediterranean islands, particularly in the Aegean, many Neolithic economies depended on imported domestic resources,
before incorporating wild taxa in greater numbers later in time [18—20]. Since sheep, goat, cattle, and pig represent introduced
domesticates at Troullia, how intensively were these species managed by the local population? If feasting focused on deer, were
these herds also managed, or did they represent the spoils of the hunt? Stable isotope analysis of 5'3C and 5'°N from both animal
and plant remains has the potential to address these questions by providing data for diet and therefore related herd management
strategies. Here, we present one of the first and most comprehensive studies to generate stable isotope data for archaeological
fauna and modern and archaeological plant material on Cyprus.

Materials and methods

Field methods and faunal sampling

The main village component of Politiko- Troullia covers approximately 2 ha on an alluvial terrace in the foothills of the Troodos
Mountains of central Cyprus (Fig_1). Bronze Age material culture associated with the site is spread over 20 ha on extensively
terraced hillsides that suggest intensive pre-modern cultivation of the local landscape [21-24]. The village architecture of Troullia
West is comprised of six stratified phases of construction and reconstruction in sediments more than three meters deep. Bayesian
modeling of 25 calibrated AMS ages places these six contiguous phases of occupation at Troullia between about 2050 and 1850
cal BCE [13, 25]. All excavated sediments were dry-sieved through 0.5 cm wire mesh to ensure maximum recovery of material
evidence from all six phases. Carbonized seeds and charcoal were recovered from shallow localized surfaces or features with
visible burned organic content using non-mechanized water flotation. In this paper, we evaluate the role of cultivated crops and the
surrounding landscape in animal husbandry practices by using stable isotope values to infer herding strategies and domestic
status.
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Fig 1. Map of Cyprus showing locations of Bronze Age sites (triangles), including Politiko- Troullia, and Neolithic sites (circles) mentioned in
text.

This figure was produced using ESRI ArcGIS version 10.8.x.

https://doi.org/10.1371/journal.pone.0275757.9001

The faunal remains excavated from Politiko- Troullia were identified and sampled in our field lab in Pera Orinis, Cyprus. Whenever
possible, we chose unarticulated same-sided bone elements within species to avoid sampling the same individual more than once.
Multiple skeletal elements from the same context and taxon were analyzed only when we could differentiate individuals confidently
based on qualitative characteristics of the samples. Analyzed taxa include Mesopotamian fallow deer (Dama dama mesopotamica),
sheep (Ovis aries), goat (Capra hircus), cattle (Bos taurus), pig (Sus scrofa), fox (Vulpes vulpes), and owl, most likely barn owl
(Tyto alba) (one sample). A total of 217 bones from stratigraphically secure contexts were sampled for stable isotope analysis. All
necessary permits were obtained from the Department of Antiquities, Republic of Cyprus for the described study, which complied
with all relevant regulations.

Bone collagen

Collagen extraction was performed at the University of Georgia (UGA) Quaternary Isotope Paleoecology (QUIP) Lab using a
modified Longin method by demineralizing fragmented bone weighing approximately 0.5 g in 0.5M HCI for several days [26]. The
acid was changed regularly until the sample floated and was soft. Samples were rinsed using Type | water and gelatinized in pH 3.0
water at 75°C for 48 hours. Each sample was filtered using an EZEE filter and the supernatant liquor was freeze dried. Subsamples
of freeze-dried collagen were weighed in tin capsules at the Center for Applied Isotope Studies (CAIS), UGA and analyzed on a
Costech Elemental Analyzer coupled to a Finnigan Delta IV Plus IRMS. Stable carbon is reported relative to the standard Vienna
Pee-Dee Belemnite (VPDB), and stable nitrogen is reported relative to ambient atmospheric N» (AIR). Standards were supplied
from the National Institute of Standards & Technology (NIST). Polyethylene foil (6130 =-32.2%0) and sucrose (6130 =-10.5%0) were
used as standards for carbon, and ammonium sulfate (615N = 20.4%o) and potassium nitrate (515N = 4.7%o) were used for nitrogen.
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Two internal standards (spinach: &'°N = -0.3+0.2%0; & '°C = -27.2+0.1%,, and protein; '°N = 8.0+0.1%o; &'°C = -17.6+0.03%0)
were also used. Long-term precision of the IRMS is <0.2%. for 5"9N and =0.1%. for 5'3C. Of the 217 bones analyzed, 130
produced useable data for a success rate of 60%. In the case of failed samples, poor collagen preservation led to low collagen
yield, low amounts of %C or %N, or C:N ratios outside the acceptable range of 2.9-3.6%. (cf. [27]). Successful samples produced
stable isotope data for the following skeletal elements: tibia (n = 37), humeri (n = 67), radii (n = 9), femora (n = 2), astragali (n = 12),
a tibiotarsus (n = 1), a calcaneus (n = 1) and a petrous process (n = 1)(S1 Table).

Modern and ancient plants

Modern Triticum and Hordeum seeds were sampled from non-irrigated, non-manured fields within 6 km of Politiko- Troullia in the
summers of 2017, 2018, and 2019; collection points were georeferenced for spatial analysis. Samples were dried, freeze-dried, and
then ground with a mortar and pestle at either the Universit)\(3 of Georglia or University of North Carolina Charlotte (UNCC)
laboratories. Samples were analyzed for total C, total N, 5'3C, and &'°N at CAIS, UGA on a Costech Elemental Analyzer coupled
to a Finnigan Delta IV Plus IRMS. Stable carbon is reported relative to VPDB and stable nitrogen is reported relative to AIR based
on the NIST standards listed above. The modern plant stable isotope data presented below have been corrected for the Suess
effect by +2%. in 8'°C (cf. [28]).

Additional stable isotope values were derived for 16 carbonized seed samples from Politiko- Troullia that were analyzed for 4c
AMS ages. These include 11 samples analyzed at the University of Arizona Accelerator Mass Spectrometry Laboratory (6130 only),
and five samples analyzed at the University of Georgia Center for Applied Isotope Studies (5'3C and 8'°N). To minimize the
potential for chronological mixing, samples were selected as often as possible from relatively shallow localized deposits in or on
burned surfaces. All recovered plant remains 0.25 mm or larger were sorted under a binocular microscope at 6 to 40x
magnification, and identified using Fall’s personal reference collection, as well as comparison with ﬁ)ublished literature following
established methods of floral recovery and analysis [14, 15, 29—-31]. At the University of Arizona, & 3C was measured with an
isotope ratio mass spectrometer. At the University of Georgia, these values were determined using a Delta-V elemental analyzer
isotope ratio mass spectrometer (EA-IRMS). The archaeological plant stable isotope data presented below have been corrected
using a charring offset of -0.11%. for 5'3c [32](S2 Table).

Results

Bone collagen at Politiko-Troullia

The average 5'3C value across all taxa is -20.2+0.8%. with a maximum of -18.1%. and a minimum of -22.3%.. The average 5'°N is
5.7+1.9%0 with a maximum of 13.5%. and a minimum of 1.8%.. Mean, minimum, maximum, and standard deviation values are listed
in Table 1, and means and standard deviations for each taxonomic group are presented in Fig 2. There does not appear to be any
relationship between isotopic values and the skeletal element sampled; variability is therefore attributed to individual diet and
surrounding environment. With the exception of the single owl specimen, the data for both 5'3C and 5'°N are normally distributed
for all taxa (Shapiro-Wilk) as well as for within-taxa groupings. We use Tukey’s HSD to identify significant differences in means
between taxonomic groups, but exclude the sheep/goat category since it includes samples with combined taxa.
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Fig 2. Means and standard deviations for 5'3C and 3'°N from bone collagen according to taxa at Politiko- Troullia, Cyprus.
Bone collagen samples n = 140; deer (54), cattle (8), sheep (31), goat (27), sheep/goat (8), pig (8), fox (4).
https://doi.org/10.1371/journal.pone.0275757.9002

Table 1. Mean, minimum, maximum, and standard deviation values of 5'3C and 55N from bone collagen for animal taxonomic groups.
A single value for an owl bone is excluded (5130 =-18.4%0, 519N = 13.5%).
https://doi.org/10.1371/journal.pone.0275757.1001

Bone collagen: 5'3c.
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Mean values of &'°C for the fauna from Politiko- Troullia, which are typical for herbivores consuming a majority of C3 plant material,
fall between -19.8%. (goat) and -20.8%. (fallow deer) (Table 1). Notably, the single raptor analyzed, as well as the four foxes, have
more positive 5'3C values (approximately +1%o), as expected for carnivores due to their higher trophic level. The domestic
herbivores (cattle, sheep, goat, and mixed sheep/goat) show similar distributions of values, with largely overlapping ranges (Fig
3a), though cattle show the least variability. The mid-range of values (i.e., the middle two quartiles) for mixed sheep/goat resembles
that of sheep more closely than goat, suggesting that sheep constitute the majority in this category. Pigs have a slightly more
negative mean 5'3C value (-20.5%0) than the means for cattle, sheep, goats, or sheep/goat, though there is significant overlap of
the ranges for individual taxa. The mean 5'3C of pigs is not significantly different from the means for other domest|c taxa. Pigs also
have the smallest overall range in 5'3C with the exception of foxes. Finally, deer have the most negative 5'3C values and the least
amount of overlap with other taxa. The mid-range of deer values is distinct from those of sheep, goats and cattle, and overlaps only
the lower range of sheep/goat and pig (Fig 3a). The mean 5'3C value for deer is significantly different from those of all other
taxonomic groups, with the exception of pig (Tukey’s HSD, p <0.01).
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Fig 3.

(a) Boxplots of bone collagen 5'3C medians and quartlles for each taxon at Politiko- Troullia, Cyprus (circles indicate outliers).
Owl not shown. (b) Boxplots of bone collagen 5'°N medians and quartiles for each taxon at Politiko- Troullia, Cyprus. Owl not
shown.

https://doi.org/10.1371/journal.pone.0275757.9003

Bone collagen: 5'°N.

The carnivores have more positive 55N values than all of the herbivore categories due to their higher trophic level (+2-3%o
enrichment per step), with a single owl at 13.5%. and a mean value for foxes of 8 3%o. The means for cattle (7.4%.), sheep/goat and
sheep (6.5%. and 6.3%o.), and goat (5.2%.) descend in increments of about 1%. & 5'°N (qu 3b). The mid-range dlstnbutlons for all
herbivores, except cattle, are distinct from the mid-range of foxes. As seen also in the d 3C data, distributions of 5'°N values for
sheep and sheep/goat suggest that the sheep/goat category includes more sheep than goat. Deer (4.5%.) and pig (4.4%0) have the
lowest means and mid-range distributions. The elevated mean &'°N for cattle is significantly different than the means for the other
herbivores (Tukey’s HSD p=<0.01), with the exception of sheep, where the difference is less pronounced (Tukey’s HSD, p = 0.5).

Modern and ancient plants: 5'3C and 3'°N

Stable isotope data for 21 modern Triticum and Hordeum seed sa 3ples from the vicinity of Polmko Troullia produce 5'3C and 5'°N
values within the expected ranges for C3 photosynthesis ( mean 5'3C = 24.7%., sd = 1.6; mean 5'°N = 0.6%o, sd = 2. 0). Bronze
Age seed samples from Politiko- Troullia (n = 4) provide a 5'3C mean of -22.61%. (sd = 0.9%o) and a 55N mean of 4.9%o (sd =
0.8%o). Results from modern cereals are compared to 5'3C and 5'°N values for the Politiko- Troullia seed samples in Fig 4.
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Fig 4. Means and standard deviations for 3'3c and 3'°N from animal bone collagen compared to means and standard deviations for 3'3c and
315N for archaeological seeds from Bronze Age Politiko-Troullia, Cyprus and modern cultivated Triticum and Hordeum collected in the vicinity
of Politiko-Troullia, 2017-2019.

https://doi.org/10.1371/journal.pone.0275757.9004

Discussion

Our study infers Bronze Age animal diet, herd management, and environmental conditions based on analysis of stable isotope data
from animal bones and seed samples from Politiko- Troullia. In particular, we interpret values of 5'3C and 5'°N from domestic
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animals (sheep, goat, cattle, and pig) and wild deer. Plants absorb atmospheric CO, such that stable carbon concentrations for
modern and ancient plants can be useful indicators of relative water availability [33, 34]. The ratio of 3¢ 10 12¢, expressed as
5'3C, serves as a proxy measure according to which lower values of 5'3C arett pically associated with increased water availability
[35]. Herbivores consuming agredominantly C3 diet will have more negative 5'3C values in their tissues, ranging from
approximately -20 to -22%o 5'3C in bone collagen, in comparison to -14 to -10%o 5'3C for those consuming a predominantly C4 diet
[36, 37]. Herbivore 5'3C bone collagen values increase by an estimated +5%. based on their diet [38] in comparison to omnivore
and carnivore values, which are expected to be approximately +0—2%o 5'3c higher than those of their prey [39].

Nitrogen stable isotope values in non-N fixing plant foliage primarily reflect relative precipitation, temperature, and plant available N,
with higher 5'°N values associated with warmer, drier climatic conditions and higher soil 5'°N [40]. In arid and Mediterranean
environments, plant growth is generally limited according to the availability water and N, particularly in croplands [41]. Manuring is a
common agricultural method that supplements or replaces organic N, and increases 61SN values [42]. Steeper slopes and other
locations with undeveloped soils are expected to have lower N availability compared to locations with well-developed soils [42, 43].
The landscape surrounding Politiko- Troullia features steep slopes of Quaternary marine, alluvial, and Cretaceous limestone, with
poorly developed soils and incised rills and drainages [44]. Extensive terracing is present along the slopes of Politko-Koliokremmos,
providing increased area for agricultural production, and water and sediment retention adjacent to the relatively flat terrain of
Politiko- Troullia [22]. Thus, faunal 5'°N values are used primarily to infer animal diet and trophic level. However, elevated values
can be caused by other factors such as increased aridity [45] or grazin% on manured pastures or terraces [46—48]. Bones from
terrestrial herbivores consuming only plant material tend to produce 5N values of approximately 5-6%.. However, these values
can range between 2%. and 10%. (e.g., [49]) and in some cases may vary more among individuals within a single taxonomic group
than between animals at different trophic levels [50]. With these considerations in mind, an increase of 3—-5%. is expected with each
step up in trophic level between prey and consumer [39, 51, 52].

Diet and herd management

For the purpose of inferring animal diets and domestic status at Politiko- Troullia, it is useful to consider the possible offsets between
stable isotope values from animal bones and those from ancient and modern vegetation. The average 513C values for cattle
(-19.9%.), goat (-19.8%o) and sheep (-20%.) all demonstrate an expected trophic offset up to +5%. relative to domestic wheat and
barley values derived from our sampling of both modern (-24.7%.) and ancient (-22.7%.) cultigens. These results compare well with
&'3C values for 37 carbonized cereal and legume samples from Bronze Age Jordan, for example [29]. The 5'°N offsets between
values for archaeological cereal samples (5.2%.) and sheep, sheep/goat, and cattle bone collagen from Politiko- Troullia suggest the
expected trophic increase of +2—-3%.. In conjunction with the 5'3C values from Politiko- Troullia, these results allude to a livestock
diet based primarily on domestic crops. There is no offset between 5"®N cereal values and those for goats (5.2%og, suggesting that
their free-range diet may have consisted of a mixture of both domestic crops and wild forage. The lower mean 55N values for deer
(4.5%0) and pig (4.4%.) preclude the consumption of domestic plant taxa and suggest instead that these animals may have
consumed only wild plants.

Demographic profiles were generated previously from analysis of Ovis/Capra and Dama teeth excavated at Politiko- Troullia [16].
Survivorship curves for these taxa are based on established criteria for tooth eruption and wear [53, 54]. The demographic data for
Ovis/Capra show a pronounced spike in tooth frequency and a drop in survivorship among sheep and goats between three and six
years of age (Fig_5a), both of which are consistent with culling of younger individuals as a major aspect of herd management.
Dama teeth are distributed over a broader range of age classes, and survivorship declines more gradually between about 2 months
and 5 years of age (Fig 5b). These patterns accord with mortality profiles associated with hunting of a wild animal population, which
would have targeted larger bodied (i.e., older) animals that would have yielded greater amounts of meat.

ursber Toeth

Fig 5. Survivorship curves (black lines) and tooth frequencies (gray bars) according to age classes for (a) sheep/goat and (b) fallow deer based
on analysis of eruption and wear of teeth from Politiko-Troullia.
https://doi.org/10.1371/journal.pone.0275757.9005

Goats, sheep, and cattle.

Amongst the Bronze Age mainstay domesticates (goats, sheep, and cattle), goats exhibit the largest range in 5'3C values, followed
by sheep. This pattern accords with the known dietary flexibility of goats and the well-attested practice of allowing domesticated
goats and (to a lesser extent) sheep, to roam freely across pasturelands (e.g., [55]). In contrast, the more constrained 5'3c range
of cattle may indicate that these animals were penned and therefore accessed more limited vegetation sources and/or were
provisioned with hay, an argument supported by the 5'°N data (discussed below). Survivorship curves for these taxa at Politiko-
Troullia affirm their domestic status (cf., [16]), though each species was managed differently. The striking spread of 55N values
across multiple herbivorous taxa may reflect a combination of wild and domesticated individuals, as well as mixed methods of
husbandry for the domesticates. The elevated 515N mean for cattle supports the scenario proposed above of limited grazing space
and/or provisioning of cattle with feed, as their grazing may have been constrained in an area that was self-fertilized. Alternatively,
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they may have been provided hay from manured fields. Either possibility would lead to increased & '°N values. Sheep and the
mixed sheep/goat category have the next highest 55N values for herbivores. If the majority of individuals in the mixed category
were sheep, this result suggests that sheep mag have fed in the same areas as cattle, but their movements were not as
constrained. Goats have the widest range in 51N values, reinforcing inferences of flexible foraging and high freedom of movement
for this species.

Fallow deer.

Fallow deer and pig have essentially the same low mean for 5N, suggesting that deer and pigs were foraging in more wooded
habitats, and were not provisioned by humans and did not graze on manured land. Fallow deer 5'3C values at Politiko- Troullia are
significantly more negative than those of other taxa, suggesting they were consuming vegetation from a closed, wooded
environment. This pattern accords with the inference based on survivorship curves that the villagers at Troullia hunted wild deer in
the surrounding countryside, rather than managing a husbanded population, as has been reported for this species at other sites
and time periods across the Near East and Europe (see [56] for a discussion of the osteometric evidence). Osteometric analysis of
fallow deer from a variety of sites on Cyprus shows that they diminished in size through time following their importation to Cyprus in
the early Neolithic [56, 57]. The zooarchaeological record for fallow deer (cf. Deer Bone Database, Zooarchaeology at Nottingham,
https://www.nottingham.ac.uk/zooarchaeology/deer_bone/) shows a post-Neolithic gap in deer remains on Cyprus followed by
osteometric data for larger animals in the Bronze Age, possibly suggesting the introduction of a new deer population. Though the
fallow deer at Politiko- Troullia are relatively larger than would be expected for an endemic population (similar in size to those found
at Pre-Pottery Neolithic B Shillourokambos; see [16]), there is no support for the argument that the deer at Politiko- Troullia
themselves were imported since their isotopic signature appears “local” based on comparison with values for modern and ancient
vegetation. The Troullia deer values agree with patterns of geographic variation reported by previous studies, in which fallow deer
in northern and western Europe had more negative 5'3c (below -22%o) and higher 55N values (5—8%o) than in Turkey, which had
average values of over -20.5%. 5'3C and 4.5%. 5'°N [58-60].

Pigs.

The 5'3C data suggest that pig exploitation at Politiko- Troullia included both domestic and feral individuals, who may have
consumed some forage similar to that eaten by domesticates, as well as woodland vegetation. This conclusion is bolstered by
osteometric and long bone fusion evidence of large body sizes and a predominance of older adult individuals in the assemblage
[16]. Thus, the evidence for swine suggests a dual strategy of hunting as well as husbandry at Politiko- Troullia. Additionally, the
lower 5'°N signal in pigs is notable given their omnivorous diet, which should produce elevated 55N relative to the values for
herbivorous taxa (cf. [61]). This may suggest consumption of a leguminous diet [62] in addition to foraging in forested areas with
poorly developed soils. A possible parallel is reported for Neolithic Catalhdyuk, where Pearson et al. [63] found that pigs had the
lowest 5'°N compared to all other medium-sized mammals at the site, and postulate that the main contributor of protein to their diet
may have been roots and rhizomes, which also have lower relative 31N values.

Plants and animal bone collagen summary.

When compared with stable isotope data for modern and archaeological vegetation, the isotope signatures for archaeological fauna
at Politiko- Troullia demonstrate herbivorous, C3-based diets. The average 5'3C values for cattle, goat, and sheep suggest that
domestic livestock consumed a diet with a significant proportion of crop taxa (e.g., as hay), in addition to grazing on grass and other
forage. The more negative 5'3C values for deer and pig suggest a diet based primarily on wild plants not supplemented by
domestic crop species. There is a notable offset of +2—-3%. between the &'°N values for archaeological seeds as compared to
modern domestic taxa. Enrichment of "N can be caused by the practice of manuring in contrast to the use of modern inorganic
fertilizers [64]. The higher 5'°N values for the cattle and sheep support an argument for a practice of more intensive management,
including the possibilities of grazing on manured fields or feeding of penned animals. This stands in contrast to the lower values for
goats, which likely reflect a free-ranging lifestyle that incorporated both domestic feed and wild vegetation.

Politiko-Troullia in context: Comparison to other stable isotope data from Cyprus

In order to contextualize the stable isotope data from Bronze Age Politiko- Troullia, we compare our results with data from other
isotopic studies performed on faunal remains excavated on Cyprus from Neolithic Kritou Marottou Ais Giorkis (hereafter Ais
Giorkis), which dates to approximately 9900 BP [65], and Early Bronze Age Marki Alonia dating to c. 2400-1900 BCE [66]. Marki
Alonia is close to Politiko- Troullia in both a geographic and temporal sense, lying just 8km to the east (cf. Fig_1), with occupation
beginning before and overlapping with that of Politiko- Troullia. Ais Giorkis, located in the southwestern foothills of the Troodos
mountains, is much earlier in age. We note two other modest examples of stable isotope data from Cyprus, which we do not include
for comparison with Politiko- Troullia. The first pertains to animal bones from Neolithic and Chalcolithic Limassol (n = 3) that were
not identified to taxonomic level beyond “herbivore” [67]. The second is from a review of stable isotope analyses of humans and
fauna in [68], which includes mean faunal values from Neolithic Khirokitia (n = 4) for 5'3C = -21.0+1.5%0 and 5'°N = +7.020.8%o,
which were estimated from a figure in [69].

Overall, the mean stable isotope values for herbivorous fauna at Politiko- Troullia, Marki Alonia, and Ais Giorkis fall within the
expected ranges for animals consuming C3 diets (Table 2, Fig_6). The mean 5'3C values for herbivores at Politiko- Troullia and
Marki Alonia are the same (-20.2%.), while that for Ais Giorkis herbivores is only inghtIY more negative (-20.7%.). Stable nitrogen
ratios are noticeably more varied, with Ais Giorkis having the lowest mean at +4.6%. & 5N. Fauna at Politiko- Trouflia are higher at
+5.7%. 819N, followed by Marki Alonia at +6.6%o 5'9N. At Ais Giorkis, mean values vary less between taxa than at the other sites,
perhaps suggesting fewer differences in management between animal species at this village.
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Fig 6. Means for 3'3c and 5'°N from bone collagen according to taxon, plus standard deviations for herbivores.
Politiko- Troullia (PT), Ais Giorkis (AG) (data from [65]) and Marki Alonia (MA) (data from [66]).
https://doi.org/10.1371/journal.pone.0275757.9g006
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Table 2. Mean and standard deviation of herbivore taxa at three Cypriot sites.
https://doi.org/10.1371/journal.pone.0275757.t002

Comparison of these data according to taxon reveals several noteworthy patterns across all three sites. Deer (n = 21) have the
most negative mean 5'3C values, while their mean 5'°N is similar to those of domestic cattle, sheep, and goat. In contrast, pigs (n
= 14) are similar to cattle, sheep, and goat in 5'3C, but notably more negative in 5'5N. Carnivores from each site (fox, owl, and
dog) all plot as more positive in 5'3C and 5'°N than the herbivores, as would be expected for their higher trophic level.

Though only modestly different, the more negative 5'3C values at Ais Giorkis could be related to greater precipitation or its more
wooded setting in comparison to the two other sites, or to wetter Neolithic climatic conditions. In turn, the overall elevated 5'°N
values at Politiko- Troullia and Marki Alonia could be due to a combination of factors that potentially included naturally more
enriched soil nitrogen in their vicinities, local aridity, and/or the practice of penning/manuring. At Marki and Troullia, 8'3C and 5'°N
values for both deer and pig are significantly more negative than those for sheep and goat. These results support an argument that
deer were not managed and that feral pigs were common during the Bronze Age. Similarly, at Marki, while the pig mortality
evidence is “characteristic of the management of domestic swine, feral pigs may well have existed in the area...and [may] have
been hunted in an opportunistic way” [70: 274].

Conclusions

The stable isotope data for animal bone collagen from Politiko- Troullia illustrates the varied strategies of animal exploitation and
landscape utilization practiced by its agrarian population. When these results are integrated with other archaeological and
zooarchaeological data, it appears that the residents of this Bronze Age village kept a small number of cattle regularly penned,
which they provisioned with hay and water. Sheep may have been managed with the cattle, but also went out to pasture regularly,
thereby incorporating other food into their diet. Goats likely had even more freedom to roam and forage over a wider range. Deer,
which had previously been introduced to the island by humans, formed a hunted wild population in the woodlands surrounding the
village and may have moved to other habitats during part of the year. Sheep and goat comprised the primary sources of meat at
Politiko- Troullia. Cattle were used for dairying, traction, and meat, while managed and feral pigs provided a supplementary
component of the human diet at Troullia. Meanwhile, targeted deer hunts supported communal feasting.

Our inferences of the dietary niches occupied by the animal taxa consumed at Politiko- Troullia are supported by quantitative
analyses of the settlement’s faunal assemblages and stable isotopic analyses of animal bone collagen in conjunction with stable
isotope data for modern and ancient cultivated plant taxa. This study provides the most robust set of stable isotope data for Bronze
Age animal management on Cyprus. Our analyses illuminate agrarian practices and landscapes during the centuries prior to the
emergence of Cyprus’s first cities and urbanized society. In these capacities, our analysis of animal and plant remains from Politiko-
Troullia illustrates the potential for stable isotopic inquiry to provide multi-faceted archaeologically-based portraits of agrarian
lifeways in ancient communities.
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