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ABSTRACT. The Bronze Age in Europe is a dynamic time characterised by an increase in long-distance mobility
and interaction, changes in social organisation, technological advancements and evolving agricultural practices.
In particular, we see an increase in the range of crops grown from the middle Bronze Age, including the intro-
duction of new crops, such as broomcorn millet and broad bean. However, evidence of agricultural practices in
Croatia is limited. This paper presents new archaeobotanical data collected from ten Bronze Age settlements
and cemeteries in continental Croatia. Overall, the density of plant remains was low and consisted of either
cereal grains or wild taxa, with the majority coming from Mackovac-Crisnjevi. Oats (Avena sp.) and broomcorn
millet (Panicum miliaceum) are the most dominant cereals, followed by small numbers of barley (Hordeum
vulgare), emmer (Triticum dicoccum) and free-threshing wheat (Triticum aestivum/durum). The composition of
the botanical remains are comparable to neighbouring regions, although the occurrence of millet and especially
oats are not seen in any significance until the Iron Age.
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INTRODUCTION

Croatia is a country situated in south Cen-
tral Europe and the Mediterranean region, and
is positioned at the heart of ancient migration
routes through Europe, where the movement of
people, ideas and materials can be observed in
prehistory. From the beginning of the Bronze
Age technological advancements, such as ship
building, chariots and horse breeding, expanded
the potential for long-distance mobility and
interaction, connecting new regions (Hard-
ing, 2013; Kristiansen, 2016: 158; Kristiansen
and Sgrensen, 2019). From a political econ-
omy perspective, Earle et al. (2015) suggests
long-distance trade in metals and other com-
modities, such as salt and wool, created a shift
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from local group ownership towards increas-
ingly individual strategies to obtain wealth
from macro-regional trade. This in turn trans-
formed the institutional formation of societies
across Europe. In the Carpathian Basin, which
includes present day Hungary, eastern Slove-
nia, eastern Croatia, northern Serbia, north-
ern Bosnia and Herzegovina, western Roma-
nia and south-western Ukraine, clear changes
in society are observed during the Bronze Age
(~2500 to 800 cal. BC). Settlements by the mid-
dle Bronze Age become larger, more diverse
and complex, with the re-emergence of (forti-
fied) tell sites in the eastern part of the basin
(e.g. Gogaltan, 2008, 2019; Fischl and Reményi,
2013). In agriculture, this period is character-
ised by the spread and adoption of new crops
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Table 1. Summary of previously published sites with archaeobotanical remains in Croatia

Site name Period Type Date No. of Reference
samples

Okruglo Bronze Age Settlement 1 Smith et al., 2006

Torcec-Gradié Bronze Age Settlement 1 Sostarié, 2004

Grapéeva Early to middle Bronze Age | Cave 2565—2144 cal. BC 11,4 | Borojevié et al., 2008

— 1879-1529 cal. BC

Monkodonja Early/Middle Bronze Age | Hillfort ~1800-1200 cal. BC 64 Kroll, 2015

Causevica Late Bronze Age Settlement 2 Huntley, 1996

Nova Bukovica-Sjenjak | Late Bronze Age Settlement 3 Sostarié, 2001

Kalnik-Igrisce Late Bronze Age Settlement 158 | Marekovié et al., 2015;
Reed et al., 2021

into the farming repertoire, such as broomcorn
millet (Panicum miliaceum), broad bean (Vicia
faba), gold of pleasure (Camelina sativa) and
Safflower (Carthamus tinctorius) (Kroll, 1990;
Medovié, 2002; Akeret, 2005; Gyulai, 2010: 105;
Filipovié et al., 2020). In particular, broomcorn
millet is a clear example of trans-Eurasian
exchange, where it was first domesticated in
modern-day China in the Neolithic and spread
to Europe (Filipovi¢ et al., 2020). Agricultural
tools began to be made with bronze, such as
sickles and ploughs, making them more robust
and probably more efficient (e.g. Arnoldussen
and Steegstra, 2016). By the late Bronze Age
settlements once again change, moving away
from large complex sites to smaller dispersed
and more open types. Instead, large cemeteries
linked with the Urnfield phenomenon become
widespread (Staniuk, 2021).

In addition to these cultural developments,
climatic changes are also observed. The Car-
pathian Basin is generally characterised by
fertile chernozem soils with Continental and
Sub-Mediterranean forest-steppe elements and
regional climatic variability (Z6lyomi et al.,
1997; Magyari et al., 2010). In the Bronze Age
a cooler and wetter climate of the early Sub-
Boreal, contemporary with the early Bronze
Age, was replaced between 2000 BC and 1500
BC by a relatively warm climate (Fischl et al.,
2013). Climatic deterioration is then observed
at the beginning of the late Sub-Boreal period
~1500/1450 BC, which has been linked to evi-
dence of societal collapse in parts of Europe,
including the move away from tell sites and
possible depopulation in the Carpathian
Basin, although debate continues (Fischl et al.,
2013; Demény et al., 2019; Duffy et al., 2019).
Palynological evidence is patchy, with inher-
ent methodological problems, but most studies
from lower altitudes in the Carpathian Basin
suggest a general shift from mixed oak to first

hornbeam, then beech forests during the Cop-
per and Bronze Age, with a rise in oak seen
in the late Bronze Age, possibly linked with
their economic significance (Willis et al., 1997,
Magyari et al., 2010, 2012; Grindean et al.,
2014; Feurdean et al., 2015; Gumnior et al.,
2020). Human impact on the landscape is also
a contested topic with some studies suggesting
that large scale human impact on the environ-
ment is not seen until the middle Bronze Age
(Willis, 1994; Andri¢ and Willis, 2003; Stimegi
et al., 2012). However, others suggest a more
complex picture with varying levels of human
impact seen from site specific studies in pre-
Bronze Age landscapes in the Carpathian
Basin (Magyari et al., 2012; Chapman, 2018).
For example, in Slovenia episodes of burning
of forests for clearance is seen through much
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Figure 1. Map of Croatia showing the location of Bronze
Age sites with archaeobotanical remains. 1 — Grapceva, 2 —
Okruglo, 3 — Causevica, 4 — Monkodonja, 5 — Kalnik-Igrisce,
6 — Torcec-Gradié, 7 — Nova Bukovica-Sjenjak, 8 — Mackovac-
Crisnjevi, 9 — Mackovac-Ostrovi, 10 — Orubica-Veliki Ses,
11 — Zapolje, 12 — Tomasanci-Palaca, 13 — Viskovci-Gradina,
14 — Kusevac-Topolina, 15 — Dakovo-Ciglana, 16 — Dakovo-
Strosmajerovac, 17 — Beli Manastir-Sudaraz. Map adapted
from Ramspott (2017)
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of the Holocene, with the strongest human
impact being associated with Fagus decline
and an increase in taxa characteristic of mead-
ows, fields and pastures ~4000 BC (Andric,
2007). How landscape changes link with the
development of agriculture, including agricul-
tural expansion, in the Bronze Age is therefore
still unclear.

In comparison to other regions little is
known about the development of agriculture
in Bronze Age Croatia and how it relates to
other socio-economic developments. What we
do know is that agriculture arrived in Croa-
tia ~6000 BC and involved the cultivation of
einkorn (Triticum monococcum), emmer (Triti-
cum dicoccum), barley (Hordeum vulgare), pea
(Pisum sativum), lentil (Lens culinaris) and
flax (Linum usitatissimum) (Reed, 2015; Gaas-
tra et al., 2022). Little seems to change during
the Copper Age and it is not until the middle
Bronze Age that we start to see evidence of
other crops such as broomcorn millet (Reed,
2017; Reed et al., 2022). The current archaeo-
botanical evidence is sporadic, as the recovery
of the plant remains is not regularly under-
taken during excavations. To date, only seven
sites have published evidence of plant remains
dating to the Bronze Age (Tab. 1). This paper
therefore considerably expands on this sparse
evidence by presenting archaeobotanical data
from ten Bronze Age sites located in conti-
nental Croatia (Fig. 1). These sites will then
be compared to the wider Carpathian Basin
region to explore the development of Bronze
Age agriculture.

MATERIALS AND METHODS

Over the last 15 years archaeobotanical samples
have been collected from ten Bronze Age sites within
continental Croatia (Tab. 2). The region is roughly
bordered by the river Drava to the north, the Sava to
the south and the Danube to the east, and is charac-
terised by relatively flat and extremely fertile loess
plains. The sites of TomaSanci-Pala¢a (Balen, 2020)
and Vigkovci-Gradina (Balen, 2013, 2014, 2015, 2016)
date to the early Bronze Age Vinkovci culture (2500—
2200 cal. BC). Dakovo-Ciglana (Hrsak, 2009, 2010),
Pakovo-Strosmajerovac  (HrSak and Bojéié, 2007),
Kusevac-Topolina (Boj¢ié and Hrsak, 2008), Mackovac-
Crisnjevi and Mackovac-Ostrovi (Karavanié et al., 2002;
Mihaljevié and Kalafatié¢, 2007a, 2008, 2014), Orubica-
Veliki Ses (Mihaljevi¢ and Kalafati¢, 2007b), Zapolje
(Mihaljevi¢ and Radovié, 2018) and Beli Manastir-
Sudaraz (Hrsak, 2015) are all dated to the late Bronze
Age Urnfield culture (~1300 BC-800 BC).

Each sampling method was determined and imple-
mented by the directors of the excavation in relation to
their own aims and objectives. Sample sizes were not
recorded, but the archaeologists estimate that samples
were usually one bucket full (~11 L). Flotation was
conducted either by bucket flotation or using a flota-
tion machine with 500 pm sieves used for the flots and
1 mm for the heavy residue (some sieves were home-
made, so the size is estimated). The floated remains
were completely sorted for plant remains at all sites
and in most cases the charcoal volume for each flot was
recorded. All plant remains were carbonised and were
identified using a stereo zoom microscope with 7xto
45 x magnification. Identifications were made using
the modern reference collection held at the depart-
ment of Archaeology and Ancient History, University
of Leicester and the Institute of Archaeology, UCL, as
well as with reference to Cappers and Neef (2006) and
Jacomet (2006). The nomenclature of scientific plant
names follows Zohary and Hopf (2000) for cultivars
and the Flora Croatica Database (Nikolié, 2018) for
wild plants. A standardised counting method was used,
whereby each grain counts as one and minimum num-
ber of individuals (MNI) was estimated for fragments
of grains. Glume base fragments were counted as one
unless clearly representing part of another fragment,
while whole spikelet forks were counted as two glume
bases. The fruit and weed seeds were counted as one,
even when only a fragment was found, except where
large seeds were broken and clearly represented the
same parts of the same one for example, Cornus mas.

At Mackovac-Crisnjevi oat florets were recovered
(Fig. 2b, c), but black oat (Avena strigosa), wild oat
(Avena fatua) and common oat (Avena sativa) could
not be reliably distinguished from one another. Grains
identified as Avena sp. are subsequently referred to as
oats within this paper without specification between
wild and cultivated oat, as such distinction can-
not be made. Furthermore, the size-range of the oat
grains recovered from Mackovac-Crisnjevi did vary
considerably therefore it is probable that more than
one species of oat is present, as seen at Iron Age Pod
(Kuc¢an, 1984).

RESULTS

A total of 145 samples were sorted from the
ten Bronze Age sites, but only 90 samples con-
tained carbonised plant remains (Tab. 2). Over-
all, the density of plant remains was low, less
than three seeds per litre, except at Mackovac-
Cris$njevi where two samples contained a high
number of oats (Avena sp.), and one sample
contained a high number of broomcorn mil-
let (Panicum miliaceum). Similarly, charcoal
density was relatively low, less than 1 em?/1,
except at Mackovac-Cri$njevi.

Overall, the settlement sites had 1155
identified plant remains, while the cemeter-
ies had only 129. Most of the remains were
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Table 2. Summary of the ten Bronze Age sites and their archaeobotanical assemblage

k Il ES | Ee | 2O *‘é Sh| @0 | &z SO N
o &)

Bronze Age phase Early Late
No. of samples 27 4 A 2 | 10 17 | 31 | 5 | 9
Site type Settlement Cemetery
Estimated sample vol (1) 308 44 88 429 22 110 187 341 77 99
Average seed density 0.12 1.57 0.49 2.49 0.18 0.98 0.11 0.07 0.62 0.33
GRAIN
Hordeum vulgare [cf.] [2] 1 1 2 5 9 [2]
Triticum dicoccum [cf.] 1 8 [3] 3 12 [3]
Triticum monococcum [cf.] 1 [2] [1] 1 (3]
Triticum mono/dicocc 1
T. aestivum/durum 1 1 3 1 6
cf. Triticum spelta 1 1
Triticum spp. 11 3 3 3 2 22
Avena sp. 21 343 364
Cerealia indet. 25 3 8 4 2 1 50
Panicum miliaceum 4 213 1 1 1 17 237
CHAFF
Avena sativa/strigosa floret 2 2
Avena sativa/fatua floret 6 6
Avena sp. floret 6 6
Triticum dicoccum g/b 2 4
Triticum sp. g/b 1 9 16
Rachis indet 1 1 2
Straw 1 1
PULSES
Lathyrus/Vicia sp. 1 1
Lens culinaris 1 1
Pisum sativum 1
Indet pulse frag 1 4 5
FRUITS
Cornus mas 1 1 1 3
Physalis alkekengi [cf.] 2 1 [1] 3 [1]
Vitis vinifera 1 1
Fruit shell frags 5 1 1 7
WILD/WEED TAXA 2 17 28 298 2 90 1 13 33 31 515
Total 35 69 43 898 108 20 24 52 33 1,286

either cereal grains or wild taxa (Fig. 3), with
the majority coming from Mackovac-CriSnjevi.
Oats and broomcorn millet are the most domi-
nant cereals in terms of quantity of remains,
followed by small numbers of barley (Hordeum
vulgare), emmer (Triticum dicoccum) and free-
threshing wheat (Triticum aestivum/durum).
However, barley and free-threshing wheat are
found most frequently, at five and four of the
sites respectively (Tab. 2). One einkorn (7riti-
cum monococcum) and one tentatively identi-
fied spelt (cf. Triticum spelta) grain were also

identified. Chaff remains were rare and only
present at the settlement sites. Pulses were
also rare and only present at the settlement
sites, with one lentil (Lens culinaris) from
Mackovac-CriSnjevi and one pea (Pisum sati-
vum) from Viskovci-Gradina. Individual finds
of cornelian cherry (Cornus mas), Chinese lan-
tern (Physalis alkekengi) were predominantly
found at the settlement sites.

Wild plants were recovered from all the
sites and generally grouped under weeds of
fields and gardens, weeds of ruderal places
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and grasslands, with a few wetland plants
(Fig. 2d). Local woodland is also inferred from
the recovery of hornbeam (Carpinus betu-
lus) at Macékovac-Cris$njevi, which could have
been exploited for firewood by the inhabitants
(Fig. 2e). Most of the remains were grasses,

1 mm

including Echinochloa crus-galli, Digitaria
sanguinalis, Bromus sp., Lolium sp., Poa sp.,
and Phleum sp., Chenopodium album, Polyg-
onum persicaria and Trifolium sp. are also
found in relatively high quantities at the set-
tlement sites. Interestingly, several samples

C

1 mm

2 mm

Figure 2. Carbonised remains of (a) Avena sp., (b) Avena sativa/fatua, (¢) Avena sativa/strigosa, (d) cf. Bupleurum rotundi-

folium, (e) Carpinus betulus, from Mackovac-Cri$njevi

Settlements

1%
1% 3%

= Cereal grain
m Chaff
= Pulses
= Fruits

= Wild taxa

Cemeteries

0%
0%

2%

Figure 3. Percentage of plant remains per group for settlements (1155 plant remains) and cemeteries (129 plant remains)
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contained poppy (Papaver sominferum) at Beli
Manastir-Sudaraz, which may indicate collec-
tion/use by the inhabitants. Individual finds
of other plants could also indicate purpose-
ful collection, including elderberry (Sambucus
ebulus and S. nigra), mint (Mentha sp.), and
nettle (Urtica dioica and U. urens).

DISCUSSION

TAPHONOMY AT THE TEN CROATIAN SITES

Distinguishing routine activities and occa-
sional accidental or deliberate burning episodes
is particularly important not only to determine
formation processes at a site but also when
comparing different samples. Numerous schol-
ars advocate the need to differentiate between
regular routine activities and rare accidental
or deliberate events in order to restrict their
contribution to the overall pattern on a site
or to assist in the detection of repeated epi-
sodes of accidental or deliberate burning that
may signify a specific practice (e.g. Jones,
1991; Hubbard and Clapham, 1992; Van der
Veen, 2007; Fuller et al., 2014). Differentia-
tion between the samples also allows deposits
of the same crop processing stage, and thus
the same relative composition, to be compared.
This is particularly important when exploring
weed ecology, as weeds with different physi-
cal characteristics (e.g. size or shape) are
removed through each processing stage and
would therefore bias the assemblage towards
certain species (Hillman, 1984; Jones, 1984;
Van der Veen, 1992; Bogaard, 2004). Explor-
ing the deposition of carbonised remains Van
der Veen (2007) highlighted five ‘routes of
entry’ on archaeological sites, the most com-
mon being: plant remains used as fuel, both
intentionally and through casual discard, and
foods accidentally burnt during food prepa-
ration, such as through cooking or roasting.
The least common routes include, accidental
or deliberate destruction of food and fodder
stores, the use of fire to clean out grain storage
pits, and the destruction of diseased or infested
crop seeds (Van der Veen, 2007). Deposition
of plant remains through ritual activities can
also result in carbonised plant remains, such
as from cremation burials or votive offerings
(e.g. Megaloudi, 2005). The density of the
plant remains in an archaeological deposit is

also used to infer the rate of deposition, where
a low density of plant remains indicates slow
accumulation, while high densities suggest
rapid deposition (Jones, 1991).

Examining the ten sites presented here we
see several biases within the assemblages.
First, at several sites the limited range of
contexts sampled could impact the represen-
tativeness of the archaeobotanical data (Hill-
man, 1981; Jacomet and Brombacher, 2005).
The dominance of pit features at the settle-
ment sites, as well as the low seed density in
most samples (Supplementary File: Table 11),
suggests that many of the remains represent
the slow accumulation of secondary or tertiary
deposits, which have little association with
activities connected to the context (Hillman,
1984; Van der Veen, 2007). The only excep-
tion are the three samples (12, 18, 67) from
Mackovac-Cri$njevi, which contained high
numbers of oat and broomcorn millet grains
(Supplementary File: Table 1). The presence
of broomcorn millet has also been contentious
in prehistoric contexts, with studies showing
intrusion within Neolithic and Copper Age con-
texts (Motuzaite-Matuzeviciute et al., 2013).
The recent study by Filipovié et al. (2020)
dated broomcorn millet grains from Mackovac-
Crisnjevi and confirmed dates associated with
the middle Bronze Age (Tab. 3).

Some of the sites, such as Tomasanci-
Palaca, were located near settlements dating
to other periods. The presence of one grape
pip in this early context should therefore be
looked at with caution, especially as similari-
ties between the seeds of the cultivated grape,
Vitis vinifera, and the closely related woodland
species, Vitis vinifera ssp. silvestris, means we
cannot rule out the presence of the woodland
variety (Smith and Jones, 1990). However,
the presence of only one grape pip may also
indicate contamination from a medieval set-
tlement that is also found at the sites. Grape
finds are also rare in Bronze Age Hungarian
sites (Gyulai, 2010: 451).

Cremation and inhumation burials follow
distinct internment activities and preserve
environmental remains differently. Regard-
ing cremations, the burning of the body can
provide suitable conditions to allow food/plant
remains to survive. In pre-Roman Italy the

1 Supplementary File: Table 1. Number of species identified
per sample for the ten Bronze Ages sites
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Table 3. Carbon dates of broomcorn millet (Panicum miliaceum) from Mackovac-Crisnjevi and Mac¢kovac-Ostrovi, Croatia

(Reed et al. 2022)

Sample Calibrated age Datin
Site name Material b Context (cal. BC/AD, 95.4% BP Lab code g
number funded by
/ 26 hpd range)
Mackovac- | Panicum miliaceum . DFG
Crisnjevi |grain [SJ71] |Pit 1596-1135 BC 3120 =70 | Poz-104900 (SFB1266)
Mackovac- | Panicum miliaceum Fill of pot in a cre- DFG
Ostrovi grain 30 [SJ55] mation burial 1411-1223 BC 3055 £35 | Poz-104921 (SFB1266)

incorporation of plants within cremations was
common, particularly cultivated, and unculti-
vated fruits and nuts such as grapes, acorns
(Quercus sp.) and dogwood (Cornus sanguinea)
(Rottoli and Castiglioni, 2011; Caracuta and
Fiorentino, 2018). In the eastern Alps burnt
offering sites dating to the Bronze and Iron
Age regularly have remains of crops and fruits,
although in low numbers, suggesting plant
offerings were incorporated within ritual prac-
tices (AuBerlechner, 2021).

At the four late Bronze Age cemetery sites
presented here, the quantity of remains recov-
ered is low. At Mackovac-Ostrovi most of
the remains were wild or weed taxa, mostly
Polygonaceae and Poaceae, although 15 broom-
corn millet (Panicum miliaceum) were recov-
ered from sample 30 (Supplementary File:
Table 1). Interestingly, the recent study by
Filipovié et al. (2020) dated broomcorn millet
grains from sample 30 at Mackovac-Ostrovi
and confirmed dates associated with the mid-
dle Bronze Age (Tab. 3). Thus, it is possible
that the plant remains from sample 30 are
associated with the cremation burial and pos-
sibly the ceremonial act. At the other cemeter-
ies, the taxa were generally found as singular
finds per sample. This could suggest that these
finds are intrusive, or represent accidental
burning of plants within the cemetery, espe-
cially in the case of the wild taxa.

ASSESSING THE ARCHAEOBOTANICAL DATA
FROM CROATIA

Overall, a total of 17 sites dated to the Bronze
Age have archaeobotanical remains from Croa-
tia. Four of the sites are located on the coast,
while the others are situated in continental
Croatia (Fig. 1; Supplementary File: Table 22).
The quantity and quality of the archaeobot-
anical remains vary, with at least 60% of the
sites having less than 100 plant remains in

2 Supplementary File: Table 2: Number of species identified
per sample for published Bronze Age sites in Croatia

the whole assemblage, which is unlikely to
indicate a representative crop inventory. Fur-
ther, the majority date to the late Bronze Age
making comparisons across the period diffi-
cult. Examining the coastal evidence, we see
a very limited repertoire of remains, with only
Monkodonja providing any clear evidence of
crop cultivation. Here emmer (Triticum dicoc-
cum), barley (Hordeum vulgare) and grape pips
(Vitis vinifera) dominate a small dataset, that
included generally singular finds of einkorn
(Triticum monococcum), oat (Avena sativa),
broomcorn millet (Panicum miliaceum), broad
bean (Vicia faba), pea (Pisum sativum), grass
pea (Lathyrus sativus) and bitter vetch (Vicia
ervilia) (Kroll, 2015). At Okruglo waterlogged
remains of grape pips, acorn (Quercus sp.) nut
fragments and a few wild taxa were recorded,
while at Grapceva cave the early Bronze Age
samples were dominated by a few acorn frag-
ments, and only a few unidentified wheat
grains, a grape pip and weeds (Smith et al.,
2006; Borojevi¢ et al., 2008). The last coastal
site, Causevica, was dominated by a few wild
olive (Olea sp.) shell fragments and juniper
(Juniperus sp.) (Huntley, 1996).

In continental Croatia, the site of Torcéec-
Gradié, yielded two Alisma plantago-aquatica
seeds identified as ‘pseudo fresh’ making it
unclear how these remains link to their Bronze
Age contexts, while at Nova Bukovica-Sjenjak
183 broad beans and a few acorns were recov-
ered (Sostarié, 2001, 2004). The best Bronze Age
site with archaeobotanical remains so far pub-
lished is that of Kalnik-Igrisée, where a burnt
down building allowed unique preservation of
the crops stored within (Marekovié et al., 2015;
Reed et al., 2021). Here over 100 000 grains
show a dominance in broomcorn millet, barley,
free-threshing wheat (Triticum aestivum) and
broad bean. Emmer, spelt (Triticum spelta)
and lentil (Lens culinaris) were also found
in relatively high quantities in the western
side of the house, suggesting they were also
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crops, although maybe in a more minor capac-
ity. Within the house there was also numer-
ous wild apples/pears (Malus/Pyrus sp.) and
acorns that are likely to have been collected
and stored specifically by the inhabitants.

The ten additional sites presented here add
to this picture in continental Croatia, high-
lighting the dominance in broomcorn millet,
found at six of the sites, as well as the rela-
tively high frequency of barley and free-thresh-
ing wheat at four and five of the sites respec-
tively (Tab. 1). In terms of quantities, the large
number of oat and broomcorn millet grains at
Mackovac-Cri$njevi found as relatively clean
grain deposits in three separate contexts may
indicate their cultivation, although we cannot
distinguish cultivated and wild oats from the
archaeobotanical remains. It is worth noting
that oat is rarely found in Central and South-
east Europe until the 1st millennium BC,
when it is suggested to be a secondary crop
to wheat and barley (Zohary and Hopf, 2000;
Stika and Heiss, 2013). In Hungary, Gyulai
(2010) does not record the presence of domes-
tic oat until the late Iron Age. In Bosnia and
Herzegovina, the earliest occurrence has been
recorded at the Iron Age site of Pod (4th to
6th century BC), although most of the remains
were the wild taxa Avena sterilis and Avena
fatua (Kuéan, 1984). If domestic oats can be
dated at Mackovac-Crisnjevi to the late Bronze
Age this would be some of the earliest evidence
in the region.

New research on the introduction and adop-
tion of millet is also showing its arrival into
Croatia by the middle Bronze Age (Filipovié
et al., 2020; Reed et al., 2022), but it is not until
the late Bronze Age that we see clear evidence
of its cultivation as a crop within the Croatian
assemblage. Recent stable isotope analyses of
humans and animal remains add to this evi-
dence. In coastal Croatia, stable carbon and
nitrogen isotope analyses were carried out on
human and animal bones from three Bronze
Age sites Gusica Gomila, Jukica Gomila and
Brnjica (Miller, 2018). Only two individuals
from Brnjica showed signs of low consumption
of C4 plants and/or marine foodstuffs. While in
the neighbouring region of Lika, Zavodny et al.
(2017) examined the stable isotopes of 36 human
and 30 faunal remains from 12 Bronze and Iron
Age sites. They found no C4 signatures within
the animal remains suggesting that millet was
not regularly used for fodder (also Zavodny et al.,

2019). Of the human remains they found that
most individuals appear to have eaten compa-
rable proportions of millet, approximately 20%
of the overall diet, regardless of age or sex from
the middle Bronze Age onwards (at Bezdanjaca,
1430-1290 cal. BC and Veliki Vital, 1420-1295
cal. BC). As the Iron Age progresses, millet con-
sumption increases to almost 40% of the diet at
the sites of Mala Metaljka, Sultanov Grob and
Trosmarija (Zavodny et al., 2017).

Overall, by the late Bronze Age there is
a clear indication of broomcorn millet, barley,
free-threshing wheat and broad bean being
grown in Croatia. Unfortunately, the quantity
of plant remains is very low preventing any fur-
ther analyses of the remains; for example, weed
ecology or stable isotope analyses on the grains
to determine differences between the sites in
terms of manuring regimes (e.g. Bogaard et al.,
2007, Aguilera et al., 2018). Consequently,
nothing is known about agricultural intensity
or whether crops were grown differently in
different regions of Croatia and how this may
have impacted the local landscape. What we
can say is that a wider range of crops were pre-
sent by the late Bronze Age, especially seen at
sites such as Kalnik-Igrisée, providing a coher-
ent picture of subsistence change that occurred
by the end of the Bronze Age.

Other plant resources available in the wild
would have been collected and used for differ-
ent purposes, such as food, fuel, handicraft,
construction, dying, fodder, medicine, etc.
Unfortunately, the presence and potential of
wild foods used in the past is usually under-
estimated by archaeobotanists since there is
a reduced chance of many wild foods being
preserved through carbonisation (e.g. flowers,
leaves, fresh fruits, etc.) (Colledge and Conolly,
2014; Antolin et al., 2016). From the Croatian
sites, fruit and nut remains were rare, but
Cornelian cherry (Cornus mas) and Chinese
lantern (Physalis alkekengi) were both iden-
tified (Tab. 1). Both could have grown in the
local landscape and have been identified as
gathered foods in the region since the Neo-
lithic (Reed, 2015, 2017). Some have suggested
that the fruits of the Cornelian cherry could
have been eaten fresh or dried or used to cre-
ate a kind of fermented beverage (Castelletti
et al., 2001; Fiorentino et al., 2004). However,
there is currently no evidence that such a drink
existed, as this was inferred from the fact that
evidence of cornelian cherry decreases in the
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archaeological record from the Iron Age when
grape started to be cultivated more regularly.

Due to the low density of remains found
generally at the sites it is unclear whether any
other wild foods could have been collected at
this time. Some species such as fat hen (Che-
nopodium album) and Polygonum species such
as P. lapathifolium, P. persicaria and P. avicu-
lare could be collected for food purposes. How-
ever, as most of these species are also com-
monly identified as weeds occurring in the crop
fields or in nitrogen-rich places/soils linked to
anthropogenic activities, it is not easy to deter-
mine that they were intentionally collected or
accidentally brought inside the settlements,
especially as we do not see large concentrations
at the Croatian sites. The only other taxon to
highlight here is the discovery of poppy (Papa-
ver sominferum) at Beli Manastir-Sudaraz, as
it is a useful plant for food, oil and medicine.
Whether it was utilised at the site is unclear,
but it is found at middle to late Bronze Age
sites across Europe, even if in relatively low
numbers (e.g. Bouby et al., 1999; Gyulai, 2010;
Tereso et al., 2016).

AGRICULTURE IN THE CARPATHIAN BASIN
BY THE LATE BRONZE AGE

How does continental Croatia compare
to neighbouring regions in the Carpathian
Basin? In Hungary, where the vast majority
of archaeobotanical evidence comes from in
the region, the mid/late Bronze Age is domi-
nated by barley (Hordeum vulgare), emmer
(Triticum dicoccum) and einkorn (Triticum
monococcum; Gyulai, 2010; Reed, 2013; Fila-
tova et al., 2019). In particular, the middle
Bronze Age site of Boleske-Vorosgyir had over
9000 barley and 20 000 einkorn grains and
Kakucs-Turjan mogott over 20 000 einkorn
grains, while at the late Bronze Age settle-
ment Ludas, Varja didls contained over 35 000
emmer grains (Gyulai, 2010; Filatova et al.,
2019). In Serbia the Bronze Age tell site of
Feudvar was dominated by einkorn, emmer
and barley (Kroll and Reed 2016). In contrast,
continental Croatia is mainly dominated by
broomcorn millet (Panicum miliaceum), barley
and free-threshing wheat (Triticum aestivum/
durum). This is particularly evident at Kalnik-
Igrisée and Mackovac-Cri$njevi. The most
frequently identified pulses are lentils (Lens
culinaris) and peas (Pisum sativum) within
Hungary and Serbia. The largest numbers of

lentils recovered are from the middle Bronze
Age sites of Tiszaalpar-Vardomb and Boélcske-
Vorosgyir, which had over 4500 and 3000
seeds respectively. In Serbia, over 3600 peas
were recovered from the middle Bronze Age
tell site of Feudvar and over 2700 peas at the
late Bronze Age settlement of Hissar (Kroll
and Reed, 2016; Medovié and Miki¢, 2021). In
Croatia, again the pattern is slightly different
with broad bean dominating late Bronze Age
sites, followed by lentil and only a few finds of
pea, again mainly from Kalnik-Igriscée. Clearly,
the datasets vary in quality and quantity and
sites with large deposits can skew the results,
so these observations need examining further
as more sampling is undertaken.

From the early Bronze Age, gold-of-pleasure
(Camelina sativa), mustard (Brassica rapa/
nigra), safflower (Carthamus tinctorius), poppy
(Papaver somniferum) and linseed (Linum usi-
tatissimum) are also documented in the Car-
pathian Basin and South-east Europe more gen-
erally. Linseed and poppy are old domesticates
that spread throughout Europe from the Neo-
lithic onwards and are present at sites within
Croatia, including Bronze Age Beli Manastir-
Sudaraz (Reed, 2015, 2017). The lump of gold-
of-pleasure recovered from Kalnik-Igrisce,
Croatia, as well as finds from Feudvar, Serbia,
and Kastanas, Macedonia, indicate its use as
a crop during this period (Kroll, 1983: 58-59;
Kroll, 1998: 313; Reed at al., 2021). Lallemantia
sp., and safflower are regionally limited to the
south-eastern part of Europe, mostly northern
Greece, in their use and distribution (Marinova
and Riehl, 2009; Stika and Heiss, 2013; Vala-
moti, 2013). Safflower is found in large quanti-
ties at the fortified tell settlement of Turkeve-
Terehalom, Hungary, but is rarely found in the
Carpathian Basin in the Bronze Age (Gyulai,
2010: 105; Kroll, 1990).

Regardless of what crops dominate the
assemblages what we generally see is an
increase in crop diversity from the Copper Age
to the late Bronze Age (Gyulai, 2010; Reed,
2013, 2017). Diversification is a technique
that can be used to help reduce risk of crop
failure, especially during periods of climate
change (Halstead, 1990, 1995). Diversifica-
tion is usually associated with more intensive
regimes (e.g. more labour input per area),
although, some suggest that an increase in
crop diversity may also indicate an increase
in agricultural production (Kreuz and Schéfer,
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2008). This phenomenon of increased crop
varieties is also seen across Western and Cen-
tral Europe (Bakels, 1991, 2009; Effenberger,
2018), and the Mediterranean (Valamoti and
Jones, 2003). Effenberger (2018) linked the ris-
ing diversity of crop plants in the late Bronze
Age in northern Germany and Scandinavia to
an increase in trade that resulted in an accel-
erated assimilation of innovations. Others
have linked increased diversification to envi-
ronmental or climatic changes. For example,
Cremaschi et al. (2016), analysing a sediment
sequence from the Villaggio Piccolo in the Po
Valley, Italy, suggested that plant diversifi-
cation increased during periods of dryness or
phases of water crises. Zavodny et al. (2017)
also proposed that to help minimise risk in
the Lika region of Croatia during the Iron Age
farmers, as a response to the marginal envi-
ronment that were soil poor with long winters,
adopted millet and a greater range of crops in
order to stagger growing seasons.

Aswith the other periods, little research exists
on reconstructing crop husbandry regimes for
the Bronze Age in the Carpathian Basin. From
archaeobotanical remains recovered from mid-
dle Bronze Age settlements in Hungary, Gyulai
(2010: 106) suggests that areas were cleared
and both autumn and spring crops were culti-
vated until the soil was exhausted, then left fal-
low. In addition, the continual recovery of pea
and barley in Bronze Age levels in Hungary has
been suggested to represent evidence of crop
rotation at some sites (Gyulai, 2010: 102). At
the Bronze Age site of Ganglegg, in north-east
Italy, analyses of the arable weeds showed that
a crop rotation system was practiced within
a 500 m radius of the settlement (Schmidl and
Oeggl, 2005). This involved the summer grow-
ing of broad bean, pea and broomcorn millet,
while barley was sown in the autumn. Similarly
palynological studies at Terramare culture vil-
lages, in the Po Valley, Italy, suggest complex
and diversified land-use strategies, involv-
ing crop field (cereal/legume) rotation, alter-
nation of fields and pastures, manuring and
wood management since their establishment
(Mercuri et al., 2006a, b). The increase in free-
threshing wheat, which is a more demanding
crop in relation to soil moisture and fertility, by
the Bronze Age has also been attributed to new
agricultural techniques, such as crop rotation
(Hansen, 1988). Unfortunately, the dataset so
far from Croatia does not provide evidence for

crop rotation, but it is likely that some form of
rotation system was practiced.

CONCLUSION

This study presents the archaeobotanical
remains from ten Bronze Age settlement and
cemetery sites in continental Croatia, which
considerably expands the evidence in the
region to 17 sites. Overall, the density of plant
remains from the ten sites was low and con-
sisted of either cereal grains or wild taxa, with
the majority coming from Mackovac-Crisnjevi.
Oats and broomcorn millet (Panicum milia-
ceum) are the most dominant cereals, followed
by small numbers of barley (Hordeum vulgare),
emmer (Triticum dicoccum) and free-threshing
wheat (Triticum aestivum/durum). If we look
at all the sites from continental Croatia, we
see a dominance in the late Bronze Age of
the crops broomcorn millet, barley and free-
threshing wheat, broad bean, and lentil (Lens
culinaris), although emmer, einkorn (Triticum
monococcum) and spelt (Triticum spelta) are
also evident. The collection of fruits and nuts
from the local environment is also evident,
including acorns, cornelian cherry and Chinese
lantern. Unfortunately, the limited sampling
at sites, poor preservation and lack of carbon
dating present problems when exploring ques-
tions of agricultural development through time
and space, but what we can say is that by the
late Bronze Age there is a greater diversity of
crops cultivated.

Compared to neighbouring regions we see
variations in the dominant crops, with millet
being more common at early Iron Age sites in
Hungary, while oats are not seen in any quan-
tity until the late Iron Age. Carbon dating the
oats would help determine whether they are
contemporary with the other late Bronze Age
finds in Croatia. But as the identification of
the oat florets to species is inconclusive the
remains could represent wild oat remains.
Overall, it is unclear whether these changes
in agricultural practice are linked to climatic
or environmental influences, socio-economic
changes, a response to the influx of new crops,
technologies and ideas, or a mix of factors.
Increased sampling at Bronze Age sites in
Croatia is clearly needed to help build a more
robust picture of the development of crop hus-
bandry and landscape use in the region.
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