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ABSTRACT — SUBSISTENCE ECONOMY AND ANIMAL MANAGEMENT IN THE BRONZE AGE
LAGOON SITE OF CA’ BAREDI-CANALE ANFORA NEAR AQUILEIA. — This paper presents
the results of an integrated archaeological and bioarchaeological investigation at
the Bronze Age site of Ca’ Baredi/Canale Anfora (eastern Friuli plain, northern
Adriatic), aimed at exploring animal husbandry practices, subsistence strategies,
and patterns of mobility within a lagoonal environment. The site, strategically
located near the mouth of a river flowing into the lagoon at the interface between
the Alpine piedmont and the Adriatic coast, developed between Middle Bronze
Age 2 and the early Late (Recent) Bronze Age (ca. 1550-1200 BCE).

The analytical results of stable isotope investigation (strontium, oxygen, and
carbon) conducted on domestic and wild faunal remains, are here integrated
with other multidimensional data aimed at environmental reconstruction. Results
indicate a diversified and dynamic subsistence economy structured around mixed
farming and herding, intensive exploitation of aquatic resources, and early and
sustained cultivation of millet (C,). Isotopic evidence reveals moderate variability
in livestock management strategies and identifies cases of long-distance animal
mobility.

These data suggest that Ca’ Baredi functioned not only as a subsistence-oriented
lagoonal settlement but also as a node within multidirectional exchange networks
connecting sub-Alpine, inland, and maritime regions. Variability in faunal
exploitation, the integration of C, crops in animal diet, and isotopic signatures
of mobility point to adaptive and flexible economic strategies embedded within
OPEN ACCESS (CC BY-NC-ND 4.0) broader systems of connectivity. The results contribute to ongoing discussions on
Attribuzione - Non commerciale animal management, environmental adaptation, and the role of lagoonal landscapes
Non opere derivate 4.0 Internazionale in fostering mobility and interaction in Bronze Age northern Italy.
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ELISABETTA BORGNA ET AL.

RIASSUNTO — SUSSISTENZA E GESTIONE DELLECONOMIA ANIMALE NEL SITO LAGUNARE
DELL'ETA DEL BRONZO DI CA’ BAREDI-CANALE ANFORA PRESSO AQUILEIA. — Il
contributo presenta i risultati di una ricerca archeologica e bioarcheologica
integrata, incentrata sul sito dell’eta del Bronzo di Ca’ Baredi/Canale Anfora, nella
pianura friulana orientale, ed ¢ finalizzato all’indagine delle pratiche di gestione
dell’economia animale in ambiente lagunare. Il sito, collocato in posizione
strategica presso una foce fluviale al margine della laguna di Grado e all’interfaccia
tra percorsi pedemontani e costa adriatica, fu attivo dal BM 2 al BR 1 (ca 1550-1200
a.C.). I risultati delle analisi isotopiche (stronzio, ossigeno, carbonio) su fauna
domestica e selvatica sono qui integrati con altri dati multidimensionali mirati
alla ricostruzione dell’ambiente antico. Ne emerge un’economia di sussistenza
dinamica e diversificata, strutturata intorno a pratiche miste agro-pastorali, tra le
quali si segnala la precoce coltivazione del miglio, e allo sfruttamento intensivo
delle risorse acquatiche. Le evidenze isotopiche suggeriscono inoltre una
certa variabilita nella gestione animale e permettono di identificare dei casi di
importazione di animali da lunghe distanze.

Sulla base dei dati raccolti, Ca’ Baredi sembra aver funzionato non soltanto
come un abitato di laguna orientato alla sussistenza, ma come un nodo di reti
multidirezionali di scambio che connettevano le regioni interne ed alpine alla costa
¢ al mare. La variabilita delle strategie di sussistenza, I’integrazione delle piante
C, nella dieta animale ¢ i segnali isotopici di mobilita sono indizio di un’economia
adattiva e flessibile, integrata in un tessuto altamente connettivo.

I risultati intendono contribuire pit in generale alla discussione corrente
sull’economia animale, la sostenibilitd ambientale e il ruolo dei paesaggi lagunari

Keywords: Bronze Age, Animal
Management, Isotope analysis.

nella promozione di mobilita e interazione durante 1’eta del Bronzo.

© 2026 Istituto Italiano di Preistoria e Protostoria

1. INTRODUCTION

The presentation of the results of the HERDS
project by Sapienza University of Rome provides a
valuable opportunity to contribute further evidence
to the broader framework of animal husbandry in
north-central and peninsular Italy. In particular, it
allows us to introduce into the discussion a small
but significant dataset from the northern Adriat-
ic region, specifically the eastern coastal plain of
Friuli facing the Grado Lagoon. These data — po-
tentially suitable for comparative analysis — derive
from a research project coordinated by the Univer-
sity of Udine and focused on the investigation of
resources and environment in the Adriatic coastal
lagoons through an integrated, multidisciplinary
approach (Borgna et al. in press).

After a brief overview of the environmental
context, including the main evidence for subsis-
tence strategies, this paper presents the results of
faunal isotope analyses (strontium, oxygen, and
carbon) carried out on a sample of animal remains
from both domestic and wild species document-
ed in the bioarchaeological record of the Bronze
Age site of Ca’ Baredi/Canale Anfora. The study
focuses on animal husbandry practices — partic-

ularly the balance between sedentary livestock
farming and mobile pastoralism — the proportion
of non-local animals, and patterns in animal diet
and foddering strategies.

Although still limited in scope within the
Caput Adriae region, these data, when integrat-
ed with traditional archaeozoological analyses,
contribute to shedding light on patterns of vari-
ability and mobility in the management of ani-
mal resources. In this respect, they align with the
broader outcomes of the project, which highlight
the central role of lagoonal environments in fos-
tering connectivity, mobility, and diversification
in resource exploitation (Calio et al. 2022; Felici
2023; Bivolaru, Cottica, Morhange 2025).

2. THE SITE OF CA’ BAREDI

The site of Ca’ Baredi — referred to in the schol-
arly literature as Canale Anfora, after the channel
excavated immediately south of the settlement in
the 2™ century AD following the foundation of
Roman Aquileia — is located 3.5 km west of mod-
ern Aquileia, within the municipality of Terzo di
Aquileia.



SUBSISTENCE ECONOMY AND ANIMAL MANAGEMENT IN THE BRONZE AGE 281

Discovered in the 1980s and initially investi-
gated through a small-scale sounding conducted
by the Soprintendenza of Friuli Venezia Giulia,
the site has been the focus of renewed multidis-
ciplinary research led by the University of Udine
since 2013 (Borgna et al. 2018; Borgna, Corazza
2022a; Borgna et al. 2022).

During the Bronze Age, Ca’ Baredi — today sit-
uated within the reclaimed agricultural landscape
of the Aquileia territory — formed part of an ex-
tensive waterscape that included the marshy low-
lands bordering the lagoon and a river flowing into
it. The settlement was established near the mouth
of the river, a secondary or spring-fed water-
course that, around 4000-3500 BP, had replaced
a former Alpine river or an ancient branch of the
Torre River (fig. 1). The site occupied a strategic,
elevated, and well-drained position atop the fluvi-
al ridge rising 4-6 m above the surrounding plain
and enclosed within a pronounced river meander.
From this bend, a pair of overbank channels cre-
ated a small lagoonal delta, facilitating access to
both the lagoon and the open sea (Fontana et al.
2017; Fontana 2024). Based on the dimensions of
the riverbed — approximately 30 m wide and 5-6
m deep — the river was likely navigable.

In addition to geomorphological investiga-
tions, bioarchaeological research has substantial-
ly contributed to environmental reconstruction.
Both faunal and botanical remains attest to the
marked biodiversity of the lagoonal ecosystem.

The fluvial ridge consisted of soft, workable
soils suitable for cultivation, while the surround-
ing landscape supported a diverse woodland dom-
inated by floodplain mixed oak forest associated
with hygrophilous and riparian species (Borgna
et al. in press).

The faunal assemblage is correspondingly
broad and diverse, including species from wood-
land, marshland, and aquatic environments, the
latter represented by marine molluscs and fish
(Petrucci 2020; Borgna et al. 2022; Borgna et al.
in press).

Pollen analysis, integrated with stratigraphic
and geomorphological data, allows the recon-
struction of a complex environmental setting
evolving from the central phases of the — Middle
Bronze Age onward. Vegetation cover and species
composition indicate a dynamic and non-linear
trajectory, characterized by alternating phases: a
gradual decline in forest cover accompanied by

the expansion of open areas and pastures, fol-
lowed by renewed woodland regeneration.

At present, it remains difficult to determine
whether these fluctuations were primarily driv-
en by anthropogenic factors — such as intensified
construction and agricultural activities — or by
environmental and climatic changes. A reduction
in streamflow toward the end of the settlement’s
occupation represents one of the few discernible
indicators of environmental change. Together
with lagoonal regression, possible silting of the
river mouth, and progressive waterlogging of the
surrounding plain, these processes may have con-
tributed to the abandonment of the site around
1200 BCE (Borgna et al. 2022; Borgna et al. in
press).

Excavations within an elongated area parallel
to the right riverbank have revealed numerous fire
intsallations, including various types of hearths
and ovens. These installations were located ei-
ther outdoors or protected within light enclosures
or rooms built of perishable materials which are
best interpreted as annexes forming part of a com-
munal service area devoted to the processing of
subsistence resources and food preparation (Bor-
gna et al. 2019; Borgna et al. 2022; Borgna ef al.
forthcoming).

The most recent field investigations (July
2025) have yielded new data refining the chrono-
logical framework of the settlement, which devel-
oped through six building phases spanning Mid-
dle Bronze Age 2 to the early stage of the Late
Bronze Age or Recent Bronze Age 1. Two radio-
carbon dates obtained from a burnt wooden floor
place the foundation of the settlement between
the mid- and late 16" century BCE (ca. 1550-1500
BCE) (Borgna et al. in press).

From both archaeological and bioarchaeolog-
ical perspectives, the community appears to have
practiced a complex, mixed agro-pastoral econo-
my that may have included elements of intensifi-
cation and even specialization. Some discontinu-
ities, even if faint, both in the stratigraphical re-
cord and in the evidence of subsistence strategies,
prompt to recognize two broad macro-phases: an
earlier phase (MBA 2-3) and a later phase span-
ning the final Middle Bronze Age to the early Re-
cent Bronze Age (MBA 3-RBA1).

From the foundation onward, cereals played a
central role in subsistence. A wide range of crops
is documented, including barley, einkorn and em-
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Fig. 1 — Ca’ Baredi: geomorphological map of the site (after A. Fontana and G. Vinci in BORGNA ef al. 2018). The main
archaeological areas are within dotted line. Legend: 1) fluvial paleochannel; 2) lagoonal paleochannel; 3) natural levee
(fluvial ridge); 4) Holocene crevasse splay; 5) Holocene alluvial plain; 6) Lagoon deposits.

Ca’ Baredi: carta geomorfologica del sito (elaborazione A. Fontana, G. Vinci in BORGNA et al. 2018). Le principali zone
archeologiche sono comprese nelle linee puntinate. Legenda: 1) paleoalveo fluviale; 2) antico canale lagunare; 3) dosso
fluviale; 4) ventaglio di rotta olocenico, 5) piana alluvionale olocenica, 6) depositi lagunari.

mer (Triticum monococcum and T. dicoccum),
free-threshing wheat (7. aestivum/durum), oats,
rye, and millet, alongside pulses such as fava
bean, vetch, and lentil. Fruit-bearing trees — in-
cluding plum, service tree, and cherry (Prunus
domestica, Sorbus domestica, Prunus cerasus,
Prunus avium) — are also attested and appear to
increase slightly over time.

The faunal assemblage shows a decrease in
wild species exploitation during the later phase
(changing from 10% to 2-3% of the total amount),
while domestic taxa are consistently represented
in both periods. Cattle predominate in the earli-
er phase (35% to be compared with 30% swine
and 26% sheep/goat), whereas pig frequencies
increase in the later one.
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Evidence for meat consumption remains how-
ever problematic. Organic residue analyses have
indeed detected animal fats in ceramic vessels but
suggest the processing of dairy products rather
than unequivocal evidence of meat preparation'.

In contrast, fish consumption is well docu-
mented. Micromorphological analyses of early
occupation surfaces have identified micro-re-
mains such as gill bones and scales,? while resi-
due analyses confirm the cooking and processing
of fish in ceramic containers.

The same analytical approaches have provided
clear evidence for the widespread use of millet in
human nutrition, combined at times to traces of
wine or other products of grape fermentation such
as vinegar, which, according to the most updated
evidence, were obtained since the earliest phase
of the settlement or MBA 2.

Animal fat residues (notably caprylic and
capric acids) and miliacin have also been identi-
fied in sediments from the earliest occupation lay-
ers, suggesting on-site processing of dairy prod-
ucts and cereals. Additional evidence — includ-
ing remains of hulled wheats and spikelet forks
discarded in a nearby shallow ditch dating to the
early macro-phase — points to the initial stages of
crop processing, further supported by the pres-
ence of grinding stones.

The high density of faunal remains, together
with substantial quantities of hay derived from
wild grasses and legumes found in the shallow
ditch, suggests that livestock were kept in prox-
imity to the service area and integrated within the
domestic space, at least in the early macro-phase.

Afterwards, in the later macro-phase, the de-
crease in faunal remains and their highly frag-
mented, fire-affected condition might indicate the
recycling of bones as fuel, as has been proposed
in a previous study (Borgna et al. 2022). It is also
possible that the spatial reorganization may have
resulted in livestock being managed at a great-

! In the framework of the Shores project a number of e Or-
ganic Residue Analysis have been carried out on 10 ceramic
samples in the laboratory of the University of Salento at Lec-
ce under the coordination of Giuseppe Egidio De Benedetto.
Results are currently being processed and will be presented
in a paper in preparation; they will integrate a first cluster of
data obtained within a previous project (Pecci et al. 2020;
Borgna et al. 2022).

2 The analysis has been carried out by Michele Bassetti
(Trento).

er distance from the settlement, consistent with
a more extensive land-use system involving ex-
panded pastures during the final MBA.

Interpretation must, however, consider possi-
ble depositional and sampling biases. The large
assemblage of faunal remains from the earlier
phase derives primarily from the shallow ditch,
which was filled and sealed at the end of the pe-
riod; in the later phase, waste disposal practices
may have shifted to areas not yet excavated.

Despite such potential distortions, archaeo-
logical and bioarchaeological data converge in
indicating a degree of discontinuity between the
two macro-phases, less in the range of exploited
resources than in the organization of subsistence
practices.

The earlier phase is characterized by predomi-
nantly domestic-scale activities, including weav-
ing, slaughtering, carcass disposal, fishing — at-
tested also by a couple of net weights — and the
processing of aquatic resources. The area appears
to have functioned as a shared space for primary
subsistence activities, including the allocation,
transformation, and possibly distribution of food
resources, which could have been further pro-
cessed and consumed elsewhere.

In the later phase, the multiplication and en-
largement of fire installations may reflect inten-
sified communal labour. Furthermore, from the
late Middle Bronze Age onward, clear evidence
of consumption is associated with several hearths
(Pecci et al. 2020; Borgna et al. 2022). Grape
fermentation products — likely wine when found
in association with fine drinking vessels — appear
to have played a symbolic role in fostering social
interaction during communal gatherings which
favoured exchange between the community and
external visitors along the river bank (Borgna et
al. 2019; Borgna et al. 2022).

The site’s location near the river mouth and the
coast underscores indeed its probable function as
a landing place. This role may have been particu-
larly significant within the broader system of met-
al supply and bronze circulation in northern Italy
(Pearce et al. 2019; Artioli et al. 2020; Bellintani
et al. 2021 with refs).

Of particular interest in this perspective is
the evidence for an artisanal quarter or cluster of
large hearths established on the opposite river-
bank, at the periphery of the village, during the
most recent phases (MBA 3-RBA), where traces
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Fig. 2 — Ca’ Baredi: selected ceramics dating to the Middle Bronze Age, with parallels in the Alpine and Terramare cultural
areas (1-4) and in the castellieri of the Karst and Istria regions (5-7); dating to the Recent Bronze Age, with distinctive
Subapennine features (8-9) (drawing by Giuliano Merlatti).

Ca’Baredi: alcuni materiali ceramici del Bronzo Medio con confronti in area alpina e terramaricola (1-4), e nei castellieri

del Carso e dell’Istria (5-7), e del Bronzo Recente con elementi peculiari del Subappenninico (8-9) (disegni di Giuliano
Merlatti).
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of metalworking have been identified in associ-
ation with the hearths. This interpretation is re-
inforced by the numerous stray bronze finds re-
covered at Ca’ Baredi and in the wider Aquileia
region (Borgna 2018; Borgna, Corazza in press),
suggesting that the area functioned as a key node
within a network of bronze production and ex-
change largely supplied by ores from the southern
Alps (Canovaro et al. 2019).

The site’s prominent role in long-term inter-
action networks is further supported by ceramic
evidence, which reveals shifting cultural con-
nections through time (Borgna, Corazza 2020;
Borgna, Corazza 2022a). In the earliest phase
(MBA 2), influences from sub-Alpine and west-
ern regions — particularly pile-dwelling and early
Terramare contexts — are evident (fig. 2). These
were later combined with strong elements from
the Castellieri cultural facies of the Karst and
Istria. In addition, from MBA 3 onward, the site
appears connected with both transalpine western
Slovenia, and the Adriatic coastal regions includ-
ing peninsular Italy through extensive maritime
contacts (cf Arena et al. 2018; Arena et al. 2020;
Borgna, Simeoni 2020). As a results of this in-
creasing maritime connectivity, during the Recent
Bronze Age Subapennine cultural components
from western Adriatic were incorporated into the
local ceramic production.

3. MATERIALS

Isotope analyses were carried out on tooth
enamel samples from two cattle, six caprine?,
three pigs, and two red deer. Specimens were
carefully selected from undisturbed, well-dated
archaeological layers assigned to two main iden-
tified macro-phases, namely MBA 2-3 (c. 1550-
1400 BCE) and MBA 3-RBA 1 (c. 1400-1200
BCE) (tab. 1). This strategy enabled the determi-
nation of diachronic changes in livestock mobili-
ty and diet and allowed the integration of isotopic
data with other lines of evidence, including ar-
chaeological, archaeobotanical, and biomolecular
data from the same sequence.

3 Ovis vel Capra specimens were not subjected to ZooMS
analysis and are therefore referred to here as generic caprine.
None of the samples were analysed genetically; consequen-
tly, no data are available regarding the sex of the individuals.

Overall, 29 samples were analysed for ¥’Sr/%Sr,
and 96 for 6*0 and 6"C.

4. METHODS

Lower third molars (M3) were selected for
analysis*. Pigs and red deer were sampled in bulk
(minimum 22 mg of enamel), while herbivores
(sheep, goats and cattle) were subjected to se-
quential sampling (minimum 1.51 mg of enamel
powder).

Sequential sampling was carried out for do-
mestic herbivores (selenodont teeth), to verify po-
tential seasonal mobility by comparing the three
isotopic systems (*’Sr/*Sr, 60 and 8"C). A col-
umn-mounted drill was used to perform parallel
sampling along the tooth column, starting from
the apex of the dental crown and progressing to-
ward the enamel-root junction. Following surface
cleaning, twelve parallel samples were taken for
carbon and oxygen, and three for strontium, from
each tooth. The first strontium (Sr) enamel sam-
ple was taken at the same layer as the first carbon
(C) and oxygen (O) sample, the second at the lay-
er of the fifth C and O sample, and the third at the
layer of the ninth C and O sample.

Oxygen and carbon isotope ratios were mea-
sured on 96 samples of carbonate moiety of tooth
enamel at the Centro Interdipartimentale Grandi
Strumenti (CIGS) of the University of Mode-
na and Reggio Emilia (UNIMORE) according
to Armaroli et al. (2025). Sample powders (~3
mg) were reacted for 2 h at 50 °C with +100%
phosphoric acid. Isotope ratios were determined
on liberated CO2 by continuous flow IRMS (El-
ementar precislON) coupled to an equilibration
system (Elementar isoFLOW). Repeated analyses
of NBS18 and NBSI19 reference materials showed
a precision (1SD) of +0.1%o for 6"*C and + 0.2%o
for 6®0. C-O data are expressed in %o against
VPDB.

The *¥Sr/*Sr isotope ratio was determined
via solution MC-ICPMS. Specifically, enamel
samples were digested with suprapur nitric acid
and processed through column chemistry with
Eichrom Sr-resin at the MeGic lab of the Depart-

4 For detailed information of sampling strategies and
analytical procedures, see Cavazzuti et al. in this volume.
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Early Phase Late Phase
(MBA 2-3; (MBA 3-RBA1;
c. 1550-1400 BCE)  c¢.1400-1200 BCE)
Bos taurus 1 1
Ovis vel Capra 5 1
Sus domesticus 2 1
Cervus elaphus 2
Total N. 10 3

Tab. 1. Selected specimens for isotope analysis from the
two macro-phases of Ca’ Baredi.

Campioni selezionati per le analisi isotopiche dalle due
macro-fasi di Ca’ Baredi.

ment of Chemical and Geological Sciences of
UNIMORE. Sr solutions were measured at the
Neptune MC-ICPMS housed at the CIGS, fol-
lowing the analytical procedure described in Ar-
gentino ef al. (2021).

Data were statistically processed using the “R”
(Version 4.0.5) software and subsequently inter-
preted, including through comparison with the
isoscape currently available for Italy and built by
Lugli et al. (2022), integrated with data recently
published (Capuzzo et al. 2025) with regard to
the ¥Sr/%Sr isotopic values in Northeastern Italy.

5. ISOTOPE ANALYSIS: RESULTS

The two deer from Ca’ Baredi yielded #Sr/®¢Sr
values of 0.7086 and 0.7090, respectively. To-
gether with previously published environmental
data within a 50 km radius, these values allow us
to define a local isotopic range between 0.7082
and 0.7093 (figs. 3 and 4). This range is further
supported by recent studies on food traceability
in the Slovenian Karst area, characterized by Cre-
taceous carbonates and an *Sr/*¢Sr interval be-
tween 0.7085 and 0.7093 (Gregor¢i€ ef al. 2021).

The three pigs display 87Sr/%¢Sr values ranging
from 0.7083 to 0.7088 and 3'*0 values between
-3.9%o and -5.3%e., all consistent with the local en-
vironmental baseline (fig. 5). Interestingly, spec-
imens no. 4 and no. 7 from the Early Phase show
low 63C values (-11.2%o and -11.5%o, respective-
ly), compatible with a fully C3 plant — based diet.
In contrast, specimen no. 11 from the Late Phase
exhibits a higher 6'*C value (-5.4%o), indicating a
significant consumption of C, plants. Application

of a linear mixing model suggests that C, plants
accounted for up to 28% of total plant consump-
tion. This evidence indicates the introduction of
C, plants as supplementary fodder for pigs at least
from MBA 3 onward.

Both bovids (nos. 1bis and 12) exhibit a typi-
cal C, plant — based diet (fig. 6). However, while
specimen no. 12 from the Late Phase presents an
87Sr/%Sr triplet consistent with residential man-
agement at Ca’ Baredi, specimen no. lbis from
the Early Phase appears clearly non-local. Its
strontium isotope composition is markedly radio-
genic, a pattern that is relatively rare in Italy but
documented in the Trentino region, for example
in the Adige Valley near Trento and in Valsugana
(Ladegaard-Pedersen et al. 2022). A provenance
from a colder region such as Trentino is further
supported by the depleted 6'*0 values (-9.7%o to
-7%o0), which are substantially lower than those
measured in the other animals analysed in this
study. Notably, Bos no. lbis was mobile during
the formation of its third molar, i.e., between 6-9
months after birth and 18-24 months of age. The
isotopic triplet indicates movement from a more
radiogenic to a less radiogenic area during late
spring, plausibly as a result of vertical transhu-
mance, a practice widely attested in Alpine re-
gions until modern times.

Regarding caprine, specimens nos. 2, 5, 13,
and 15, all from the Early Phase, appear local
and non-mobile based on their #Sr/%Sr triplets
and 6'*0 sequences. All individuals consumed
C, plants exclusively, with the exception of spec-
imen no. 13, which shows enriched 6!*C values
during autumn, suggesting seasonal integration of
C, plants. Another caprine, specimen no. 14, ex-
hibits two out of three #’Sr/**Sr values incompat-
ible with the local bioavailable strontium range.
The internal variability of the triplet suggests
movement toward a more radiogenic area during
spring/summer, consistent with transhumant mo-
bility. Moreover, its 0'%0 sequence (-3.7%o to
-0.5%0) is typical of warmer climates, such as
Mediterranean regions.

Caprine no. 9, the only individual from the
Late Phase, presents ambiguous data, which sug-
gest different interpretations. Its ¥Sr/*¢Sr triplet
includes at least two values close to the upper lim-
it of the local range. However, its 6'*0 sequence
(-4.6%o0 to -1%0) may indicate either provenance
from a region warmer than the Caput Adriae or
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Fig. 4 — Geolithological map and bioavailable ¥’Sr/*Sr baselines in Northeastern Italy.
Mappa Geolitologica con e baselines di ¥ Sr/*5Sr biodisponibile in Italia nord-orientale.
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Fig. 5 —¥Sr/*Sr, 60, 3"3C values among pigs and deer from Ca’ Baredi. The enriched 3"C value belong to specimen n. 11,
dated to the Late Phase of the settlement. All other samples belong to the Early Phase.
Valori di ¥Sr/*’Sr, 6”0, 6"C ottenuti su suini e cervi da Ca’ Baredi. Il valore alto di 6°C é riconducibile al campione n. 11,
maiale di fase tarda. Tutti gli altri campioni sono databili alla fase antica dell abitato.
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Profili isotopici di ’Sr/%Sr, 60, 0" C ottenuti con campionamento sequenziale dei denti di erbivori da Ca’ Baredi.

a climatic shift toward warmer conditions at the
onset of the RBA (see also evidence from Coppa
Nevgata; Cavazzuti et al. in this volume). The lat-
ter hypothesis would require a larger sample size
of non-obligate drinkers for the RBA phase. This
individual also shows enriched 6'*C values (up to
-7.7%o) at the beginning of the cold season, indi-
cating autumnal integration of C, plants, similar
to specimen no. 13.

Overall, the data suggest that: (a) livestock
importation was relatively frequent, plausibly
originating from both Alpine areas (via terrestrial
routes) and Mediterranean regions (via maritime
routes); (b) local animals were raised in the hin-

terland of Ca’ Baredi and show no clear evidence
of vertical or horizontal transhumance; (c) bovids
and caprine imported from Alpine valleys or Med-
iterranean regions were seasonally mobile during
their second year of life prior to arrival at Ca’ Bare-
di; and (d) the integration of C, plants into animal
diets was occasional but systematically practiced
during autumn, at least from MBA 3 onward.

6. CONCLUDING REMARKS

Biographical information obtained from indi-
vidual animals — potentially and indirectly related
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to livestock management strategies — indicates a
moderate degree of variability. Within this frame-
work, the evidence for long-distance mobility
identified in two individuals is particularly note-
worthy.

In order to contextualize these data, it is im-
portant to underline once more that variability
and diversification in animal resource exploita-
tion are also reflected in the results of traditional
zooarchaeological analyses, integrated with the
other scientific approaches aimed at recovering
macro-remains from sediments and organic res-
idues from ceramic vessels. Overall, the assem-
blage reveals a broad spectrum of wild taxa and a
marked emphasis on certain species — particularly
marine molluscs and fish — whose prominence
appears exceptional when compared to the more
typical faunal exploitation patterns documented
at Bronze Age settlements.

At Ca’ Baredi/Canale Anfora, fish and marine
resources seem to have supported an intensive
subsistence strategy, which may also help ex-
plain the initial occupation of this coastal lagoon
environment. In later historical periods, highly
specialized fishing techniques developed in com-
parable wetland contexts and also in the Grado
lagoon (Marzano 2023; Felici 2023).

Crop diversification provides a parallel line of
evidence. The cultivation and processing of mil-
let alongside a wide range of major cereals have
been demonstrated — through both pollen and or-
ganic residue analyses — to date back to the foun-
dation of the settlement in Middle Bronze Age 2.
Additional isotope data, indicating the occasional
incorporation of C, plants into animal diets from
the Middle Bronze Age onward, may be interpret-
ed within the broader economic strategies adopt-
ed by the community.

Among the C, plants potentially included in
animal foddering regimes, wild species such as
Echinochloa crus-galli (cf. Nicosia et al. 2025)
— well attested in the north-eastern Italian plains
— should be considered, alongside domesticated
crops, particularly Panicum miliaceum. The iso-
topic signal of C, intake detected in swine no. 11,
a non-grazing animal, is most plausibly attribut-
able to the consumption of millet rather than wild
grasses.

More broadly, the evidence for millet at Ca’
Baredi finds parallels in other northern Italian
contexts, including Solarolo and Muraiola di Po-

vegliano, where archaeobotanical data indicate
that Panicum miliaceum may have constituted
up to 20% of total cereal assemblages already
in MBA 2 (Carra 2009, 2012; Carra ef al. 2023;
Polisca et al. 2025). Furthermore, isotopic anal-
yses conducted on human and animal collagen
from several Bronze Age sites in northern Italy
show elevated 6*C values, demonstrating the
consumption of C, crops from the advanced Mid-
dle Bronze Age through the Recent Bronze Age
(Tafuri et al. 2018; Cavazzuti et al. 2019; Varalli
et al 2022).

With regard to animal mobility, the evidence
from Ca’ Baredi can plausibly be interpreted in
light of the site’s geographical position, located at
the southern end of the Isonzo River basin and at
the crossroads of major maritime and inland com-
munication routes. In this sector of north-eastern
Italy — where the distance between the Alpine
piedmont and the Adriatic coast is markedly com-
pressed — the area has long functioned as a priv-
ileged corridor for communication and cultural
transmission between the mountains and the sea.
It is therefore not coincidental that the earliest
material culture from the site indicates significant
connections with the Polada cultural sphere.

In this respect, it is worth recalling that in
the wider hinterland of Ca’ Baredi — within the
Isonzo basin and particularly in the Collio region
around Gorizia, including the peatlands of Mossa
and Capriva, as well as in the Tagliamento mo-
rainic amphitheatre at Qualso — evidence from
earlier, unsystematic investigations has been
tentatively interpreted as indicating pile-dwell-
ing structures. At Preval, near Capriva del Friuli,
several substantial wooden posts (8-9 m in length
and approximately 40-50 cm in diameter) were
reportedly recovered during peat extraction in the
early twentieth century (Borgna, Corazza 2022b).
Although this evidence remains uncertain, it may
point to a connective route linking the Adriatic
coast with the pile-dwelling environments of the
sub-Alpine hinterland.

Within this geographical framework, it cannot
be excluded that the bovine no. 1 may have trav-
elled along the piedmont corridor and through the
Isonzo basin — possibly employed as a draught
animal pulling a cart. Isotopic evidence suggests
that its early life was spent in a region character-
ized by a colder climate and a radiogenic geologi-
cal substrate. The sample derives from the upper-
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most fill of the shallow ditch, which was defini-
tively closed and levelled during MBA 3; accord-
ingly, both the arrival and death of the animal can
be placed within a period when contacts with the
south-eastern Alpine region were particularly ac-
tive, especially in relation to metal procurement.

In the later phases — certainly by the Late
Bronze Age — Ca’ Baredi was integrated into a
well-established network linking coastal and
sub-coastal sites. Some of these were located in
lagoonal environments, such as Bonifica Muz-
zana and Marano, while others lay further in-
land, including Pramarine di Sesto al Reghena.
These settlements appear to have been involved
in intensive metallurgical activities sustained by
flows of raw metal and technological knowledge
across the Friulian plain (Borgna 2018). At the
same time, coastal sites likely functioned as outer
nodes within broader settlement systems aligned
along river courses. These waterways connected
the coast to the principal east-west axis along the
spring belt that separates the upper from the lower
Friuli plain, thereby facilitating the circulation of
resources and goods to and from the inland ter-
ritories occupied by hillfort communities or cas-
tellieri.

The sheep/goat no. 9, attributed to the later
macro-phase and possibly accustomed to season-
al mobility or originating from pastures beyond
the immediate catchment area of Ca’ Baredi, may
represent evidence for functional relationships
between communities settled in the lower wet
plain and those inhabiting the drier upper plain
and hilly areas, where most hillforts were estab-
lished around Udine (Borgna et al. 2025). Within
this same network, the Karst plateau immediate-
ly east of Ca’ Baredi likely played a significant
role, especially in light of the strong cultural in-
fluence exerted by the hillforts of the Karst and
Istria on the material culture of the site. These
hillfort communities, lacking direct access to the
sea, may have relied on landing places along the
eastern low-lying coasts of the Friuli plain.

Maritime mobility dynamics are even more
clearly reflected in the case of sheep/goat no. 14,
whose isotopic signature indicates upbringing in
a Mediterranean or southern environment char-
acterized by warmer climatic conditions. The
sample, recovered from the same depositional
context as bovine no. lbis, further underscores
the participation of Ca’ Baredi in multidirection-

al, long-distance exchange networks from at least
the advanced Middle Bronze Age onward.

In this perspective, an additional social and
possibly ceremonial dimension of exchange may
be envisaged. As suggested by the evidence of
the Italian swine transported to Tiryns in rough-
ly the same period (Maeiri et al. 2019), animals
may have travelled on board not only to support
subsistence needs but also as elements of inter-
community exchange, potentially functioning as
gifts or offerings during encounters structured
around commensality and communal consump-
tion (see also Cavazzuti et al. in this volume).
Such practices may plausibly be associated with
the outdoor area with hearths along the river at
Ca’ Baredi, where collective food preparation and
consumption appear to have played a role in fos-
tering social interaction and connectivity.
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