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Abstract
Archaeobotanical investigations at the Roman town of Aelia Mursa, located near the Danube frontier in modern day Croa-
tia, have revealed an extraordinary assemblage of food remains from a series of pits dated to the early 2nd century ad. The 
site yielded a wide array of economically important food remains, including staples such as Hordeum (barley), Panicum 
miliaceum (broomcorn millet), Triticum aestivum (bread wheat), Secale cereale (rye), Lens culinaris (lentil) and Vicia faba 
(broad bean). We also found a range of fruits, nuts, herbs and vegetables, such as Daucus carota (carrot), Cichorium intybus 
(chicory), Allium sativum (garlic), Ficus carica (fig), Vitis vinifera (grape) and Olea europaea (olive). Further, we found 
clearly identifiable remains of eggshell, fish bones and scales, unidentifiable fruit flesh and porridge or bread remains, as 
well as possible animal dung. The site provides important evidence of exotic foods including Piper nigrum (pepper), Oryza 
sp. (rice) and Punica granatum (pomegranate). This diverse and unique assemblage provides a tantalising insight into the 
character of food, farming and trade of the people living on the frontier of the Roman Empire.
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Introduction

The Roman town of Aelia Mursa, in present-day Osijek, 
Croatia (Fig.  1), was founded by Emperor Hadrian as 
a colonia or veteran colony around ad 133 as recorded 
by an inscription (CIL III 3280, Suić 1985, p. 60). The 
colony was established on the site of an Iron Age set-
tlement that probably came under Roman rule shortly 

after the Pannonian War (13–9/8 bc). No military camp 
has been identified so far and archaeological finds show 
continuity in settlement occupation during this transition 
period (Leleković 2020; Tonc and Filipović 2020). Once 
brought under Roman rule, the town undoubtedly became 
an important commercial, administrative and religious 
centre in southern Pannonia due both to its proximity to 
the border of the Roman Empire, the Danube Limes, and 
its connection to a series of important imperial road and 
river networks (Domić Kunić 2012, pp 37, 44; see also 
Pinterović 1978; Fulford 1992). It is thought that Aelia 
Mursa was the last colony founded ex nihilo in the his-
tory of the Roman Empire (Mócsy 1974, p. 119; Leleković 
2020, pp 79–81) and it was probably created with the aim 
of integrating and growing this undeveloped area of the 
Empire. Remains of bricks with the stamps of the legions 
legio II, legio VII and the cohort cohors VII Breucorum 
and a commemorative inscription of the legio II Adiutrix 
indicate significant imperial investment and subsidies for 
the construction of the colony (Leleković in press). Many 
of the veterans of the legions of Pannonia Inferior prob-
ably settled in the town and upon retirement they would 
have received either a piece of land (missio agraria) or a 
cash payment (missio nummaria) to start their civilian life 

Communicated by S.M. Valamoti.

 * Kelly Reed 
 kellyreed@hotmail.co.uk

1 Oxford Martin School, University of Oxford, 34 Broad St, 
Oxford OX1 3BD, UK

2 Croatian Academy of Sciences and Arts, Trg Nikole Šubića 
Zrinskog, 11, 10000 Zagreb, Croatia

3 School of Archaeology, University of Oxford, 36 Beaumont 
St, Oxford OX1 2PG, UK

4 School of Social Science, The University of Queensland, 
Michie Building #9, Level 2, St Lucia, QLD 4072, Australia

5 Historic England, Fort Cumberland, Fort Cumberland Road, 
Portsmouth P04 9LD, UK

6 Projensdorfer Str. 195, 24106 Kiel, Germany

http://orcid.org/0000-0002-7460-8057
http://orcid.org/0000-0002-0473-2589
http://orcid.org/0000-0002-6101-6044
http://orcid.org/0000-0002-1867-2951
http://crossmark.crossref.org/dialog/?doi=10.1007/s00334-021-00858-7&domain=pdf


364 Vegetation History and Archaeobotany (2022) 31:363–376

1 3

(Wesch-Klein 2007, p. 439). Thus, in its early days Aelia 
Mursa probably had a strong military flavour, acting as 
a conduit for trade between civilian settlements and the 
military frontier (Reed and Leleković 2019).

What we know about diet and subsistence in southern 
Pannonia during the Roman period is limited. To date, 
archaeobotanical remains have only been recovered from 
four sites in eastern Croatia: Vitrovitica Kiškorija (Šoštarić 
et al. 2015); Osijek-Silos (Starčević 2010; Reed et al. 2019); 
Sćitarjevo and Illok (Šoštarić et al. 2006). Most of the plant 
remains are largely associated with agriculture, such as 
cereals, pulses and weed seeds, while only a small num-
ber of Mediterranean imports have been found, including 
Ficus (fig) and Olea (olive) (Šoštarić et al. 2006). Among 
the pottery dating to the 1st and 2nd century from Aelia 
Mursa there were amphorae, terra sigillata (fine red pottery) 
and thin-walled pottery from Transpadanian workshops in 
Lombardy testifying to the strong connections with northern 
Italy (Leleković 2018; Tonc and Filipović 2020). A fragment 
of a Dressel 6B amphora carrying the letters CRISPINI(I), 
indicating a workshop in Loron, near Poreč, Istria, suggests 
the storage and transport of olive oil to the town in the 1st 
century ad (Tonc and Filipović 2020). Fragments of Beltrán 
IIA, used for fish products (garum) and Dressel 2–4 ampho-
rae, used primarily for wine, have also been found in the 
early levels of Aelia Mursa (Brukner 1981). Although only 
a relatively small number of amphorae have been recovered 
overall, they show the early imports of commodities from 
other regions of the Roman Empire.

This paper adds to this limited dataset by presenting the 
archaeobotanical remains collected from pits excavated in 
2014–15 at Park Kraljice Jelene Kosače, Osijek (OS-KOS). 
The remains provide important insights into the diet and 
subsistence of Roman Aelia Mursa during the early days 
after its founding in the 2nd century ad.

The site

During excavations at Park Kraljice Katarine Kosače, two 
large pits and two smaller pits were discovered in the first 
colonial layer (ca. ad 130) in the northern part of the 
trench (Fig. 2). These were probably originally located 
within an enclosed backyard of a large wooden building 
comprising part of the town block, Insula A. The build-
ing seems to have burnt down, which subsequently sealed 
the pits. The most significant excavated feature was Pit 
3, which was 4.5 × 4 m wide × 3.5 m deep and contained 
several different backfills (SUs 382, 387, 388, 391) which 
were sampled (Fig. 3; ESM Table Insula A). Archaeologi-
cal finds included a large collection of potsherds of cook-
ing and table ware, animal bones and a small number of 
iron and copper alloy objects. Pit 2, located northeast of 
Pit 3, was slightly smaller, with two layers (SU 360 and 
386) at 2 × 1.3 m wide × 1.4 m deep. The fill consisted 
of mixed burnt debris and large numbers of pottery frag-
ments, including a well-preserved upper part of a Beltrán 
IIA amphora. This type was usually used to contain a 

Fig. 1  Map of southern Pannonia, including the location of Aelia 
Mursa (Mursa)

Fig. 2  Plan of the excavation at Park Kraljice Katarine Kosače (OS-
KOS), showing locations of pits 1–6. Cardo, North–South street; 
decumanus, East–West street
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range of fish-based products and has been found distrib-
uted across the Danube region until the mid 2nd century 
ad (Bezeczky 1996; van Neer et al. 2010). Sherds of the 
same amphora were found in Pits 2 and 3, indicating that 
they were both simultaneously filled with rubbish and 
debris. SU 360 was a shallow upper layer of pit 2 meas-
uring, 6 × 2 × 0.4 m and had a similar backfill to SU 386, 
with pottery, metal and animal bone finds, but it was dif-
ficult to distinguish how it linked with the other SUs. Two 
further pits, Pit 1 (with SU 350, not shown) and Pit 4 with 
a single unit (SU 390), were located close together in the 
north-eastern part of the trench. The pits were oval with 
similar dimensions, 1.5 × 1.5 × 1.3–1.4 m and were filled 
with pottery, some charcoal and evidence of burnt soil. 

Current interpretations of this part of Insula A sug-
gest an area associated with food preparation, determined 
from the significant quantities of well-preserved ceramic 
kitchen and table wares, animal bones and archaeobot-
anical remains (Reed and Leleković 2019). Only a few 
sporadic finds relate to other aspects of everyday life, so 
the excavated pits and debris from the possible burned 
wooden structure were probably in a backyard attached 
to a kitchen of a large house or tavern. It is unclear 
what exactly the pits were used for, but they could have 
included latrine waste, domestic rubbish and/or other 
waste.

In the southern part of the excavation in 2014 another 
town block (Insula B) was excavated. Here two features 
(SU 383 and SU 385, ESM Table Insula B), also dating 
to the first colonial layer of the site, were sampled for 
archaeobotanical remains. Pit 5 (SU 383) was a shallow 
hole that could have been used to backfill and level part 
of Insula B. The fill contained charcoal and ash inclusions 
along with a large amount of pottery and animal bones, 
indicating that it was probably filled with domestic rub-
bish. Beside this feature was Pit 6 (SU 385), which may 
represent a pit or part of a ditch. The fill here was similar 
to those of Insula A, with burnt orange soil, pottery and 
small numbers of metal and glass objects.

Materials and methods

From Insula A, ten soil samples were collected from four 
pits, while eight samples were collected from two pits in 
Insula B (ESM). Judgement samples were collected, how-
ever, the precise sample volumes were not recorded, but 
they were estimated to be roughly 20–30 L. The samples 
were processed on site by bucket flotation and sieved using 
a 500 μm mesh. The resulting flots were sorted and ana-
lysed at the University of Oxford, UK, and the University 
of Queensland, St Lucia, Australia, using stereo zoom 
microscopes with 7 × to 45 × magnification.

Identifications were made using the modern reference 
collection held at Fort Cumberland Laboratories, Historic 
England, the Institute of Archaeology at University Col-
lege London, and the archaeology laboratory at the Uni-
versity of Queensland, as well as with reference to the seed 
atlases of Bojňanský and Fargašová (2007) and Cappers 
et al. (2006), and the cereal identification guide of Jacomet 
(2006). The nomenclature of scientific plant names fol-
lows Zohary and Hopf (2000) for cultivars and the Flora 
Croatica Database (Nikolić 2018) for wild plants. A 
standardised counting method was used, whereby each 
grain counts as one and minimum number of individu-
als (MNI) was estimated for fragments of grains. Glume 
base fragments were counted as one unless clearly rep-
resenting 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, Quercus sp.

Fig. 3  Cross section of the 
excavation at OS-KOS show-
ing pits and their stratigraphic 
units; right: pit 4; middle: pit 2; 
left: pit 3



366 Vegetation History and Archaeobotany (2022) 31:363–376

1 3

Results

A total of 8,193 whole or fragmentary seeds, fruits and 
nuts were recovered from the 18 samples collected from 
the four pits (ESM). Most of these remains were carbon-
ised, although seeds of one taxon, Sambucus nigra L. 

(elder), were found non-charred. Of the 7,484 seeds iden-
tified from Insula A, about 75% were represented by wild 
taxa (Fig. 4), the vast majority of which were recovered 
from sample SU 391. Only 763 remains were identified 
from Insula B and these were dominated by cereal grain 
and chaff (c. 60%) followed by wild taxa (ca. 37%). For 
a relatively small number of samples the diversity was 
extremely high with around 116 different taxa identified 
to genus or species.

The main crop finds from OS-KOS were of cereals, repre-
senting at least eight cultivars. The most numerous, present 
in 15 of the samples, was Hordeum vulgare (barley), both 
hulled and naked type grains, as well as several barley rachis 
recovered particularly from SU 391. Twisted caryopses and 
diagnostic rachis remains suggest the presence of the six-
row variety. Also ubiquitous in 15 of the 18 samples was 
Triticum aestivum/durum (free-threshing wheat) and Pani-
cum miliaceum (broomcorn millet). The presence of a few 
rachis nodes and internodes characteristic of the hexaploid 
subtype suggests that at least T. aestivum (bread wheat) was 
present. At least half the samples contained a few grains of 
T. dicoccum (emmer) and T. monococcum (einkorn), while 
T. spelta (spelt) grains were more difficult to determine, 
although eight glume bases were recovered from SU 391. 
Small quantities of Avena spp. (oat) and Secale cereale (rye) 
were found along with a small number of rye rachis frag-
ments in SU 391. No oat florets were identified, so it is not 

Fig. 4  Quantity of carbonised remains per category for Insulae A and 
B, OS-KOS

Fig. 5  Fruits and nuts from OS-
KOS, context SU 391; a Juglans 
sp. Nutshell, b Malus/Pyrus sp. 
pip, c Cucumis cf. melo seeds, 
d Quercus sp. cupule, e Punica 
granatum seed, f Oryza cf. 
sativa (rice) grain, scale bars: a, 
b, d, 5 mm; c, e, f, 1 mm



367Vegetation History and Archaeobotany (2022) 31:363–376 

1 3

possible to determine whether the oats are wild or cultivated. 
A couple of grains of Oryza cf. sativa (rice, Fig. 5f) were 
also identified from SU 391 (Insula A) and one from SU 383 
(Insula B). Overall, only a small number of chaff and straw 
fragments were found in the assemblage, except in SU 391.

Very few pulses were recovered, representing two main 
species, Lens culinaris (lentil) and Vicia faba (broad bean). 
This again could be a preservation issue, as pulses are com-
monly under-represented in assemblages. Similarly, fruit 
and nut remains were not common, except in SU 391 and 
SU 382. Feature SU 391 contained a large number of Ficus 
carica (fig) seeds and Vitis vinifera (grape) pips, as well as 
a wide range of other fruits including Olea europaea (olive), 
Prunus spinosa (sloe), Malus/Pyrus sp. (apple or pear), 
Cucumis cf. melo (possible melon), Fragaria vesca (straw-
berry), Rubus fruticosus (blackberry), R. idaeus (raspberry) 
and Physalis alkekengi (Chinese lantern). Sambucus nigra 
was found in an uncharred state from pits SU 360, SU 386 
and in Area B, but it is possible that this is a modern con-
taminant. Small nutshell fragments were recovered from two 
taxa, Corylus sp. (hazel) and Juglans regia (walnut). Inter-
estingly, half of a well-preserved Quercus (acorn) cupule 
was also recovered from SU 391 (Fig. 5d).

SU 391 also yielded several herbs including Cichorium 
intybus (chicory), cloves of Allium sativum (garlic), and 
seeds of Anethum graveolens (dill) and Daucus carota (car-
rot) (Fig. 6). One particularly striking find from SU 391 
was of five peppercorns of Piper nigrum, two of which are 
similar to white pepper and three to black pepper (Fig. 6d, 
e). Both are the fruits of P. nigrum, but they are processed 

differently. White pepper berries are fully ripened when they 
are picked, and once processed by soaking fermenting and 
drying, the outer layer is removed. In contrast, black pep-
percorns are picked when almost ripe and sun-dried, turning 
the outer layer black. Here the black pepper has a distinct 
wrinkled appearance, while the white pepper is smooth, with 
slight radial veins and a small point at the apex and a small 
flat attachment scar at the base.

Over 100 different wild taxa were also present in the sam-
ples, with a few dominant ones. In Insula A, small legumes 
(Trifolium/Melilotus sp.) account for 30% of the wild plants, 
represented by over 1,500 seeds, followed by Prunella vul-
garis (self-heal) at 8% and Agrostemma githago (corncockle) 
at 5%. Some of the other taxa, although present in smaller 
numbers, may have also had economic use. For example, 
Hyoscyamus niger (henbane), Malva sp. (mallow), Solanum 
nigrum (black nightshade) and Mentha sp. (mint) were used 
for either their medicinal or culinary properties. Insula B had 
a smaller quantity and diversity of wild plants, being largely 
dominated by small legumes and grasses. Several remains 
were not identified but were clearly either a fruit or seed 
head with identifiable characteristics (Fig. 7m, q).

Generally, the wild plants can be divided into five habi-
tat groups, weeds of fields and gardens, weeds of ruderal 
places, grasslands, wetlands and ecologically indeterminate, 
although some can overlap these categories. For example, 
Chenopodium album, Bromus sterilis/tectorum, Galium 
aparine and Lapsana communis can be categorised as rud-
erals or woodland plants, as well as weeds of crops (Bakels 
1999). Those identified to genus are also generally more 
difficult to allocate to a group. In some of the samples, there 
were plants that could be found as weeds in cultivated fields 
or gardens including Agrostemma githago, Brassica sp., Bro-
mus arvensis/hordeaceus/secalinus, Fallopia convolvulus, 
Sherardia arvensis, Thlaspi arvense and Valerianella den-
tata. Additional ruderal plants include Verbena officinalis, 
Plantago major, Poa annua, Melilotus sp. and Picris hiera-
cioides. Grassland plants include Ononis repens, Alopecurus 
pratensis, Phleum sp., Lolium sp., Plantago lanceolata, Poa 
sp., etc. There are also wetland plants in the assemblage, 
Alisma gramineum, Eleocharis palustris, Juncus sp., Iris 
spuria and Carex spp.

Other types of remains

As may well be expected from deposits of rubbish and pos-
sible latrine waste we found a wide array of economically 
important materials in the samples, including remains of 
eggshell, fish bones and scales, possible animal dung, uni-
dentifiable fruit flesh and food remains such as bread- and 
porridge-like charred lumps. We also found a large amount 
of carbonized wood, twigs and buds, especially in Insula A. 
Initial analysis of the wood suggests the presence of Quercus 

Fig. 6  Carbonised remains from SU 391, OS-KOS; a Cichorium inty-
bus seed, b Daucus carota seed, c Allium cf. sativum, clove fragment, 
d Piper nigrum (white pepper) peppercorn, e P. nigrum (black pep-
per) peppercorns, scale bars: 1 mm, c, 5 mm
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(oak) as well as Salix (willow) buds, which could have been 
used in the construction of the buildings at Aelia Mursa in 
the early phases. Other carbonised lumps were also quite 
common, along with over 100 fragments that had grass-
like impressions on the outside (Fig. 8a). Dung or possibly 
bread was tentatively identified from SU 391 (Fig. 8b), as 
well as carbonised fruit flesh and food remains, possibly 
bread or porridge, from both areas. The food remains had 
large closed voids and cracking (González Carretero et al. 
2017), as well as clear evidence of bran and in some cases 
seeds or seed fragments (Fig. 8c, d). Identification of these 

carbonised remains awaits study with a scanning electron 
microscope (SEM).

A few eggshell fragments were recovered from both 
Insula A and B. Although not fully analysed, the eggshell 
fragments are extremely thin (Fig. 9a) and could fall within 
the range of domestic chicken or duck as the eggshells 
of these species measure between 0.32 and 0.4 mm thick 
(Sidell 1993). In addition, over 100 fish scales and five fish 
bones were recovered from Insula B (SU 385), while only 
one fish vertebra (3 mm in size) was identified from Insula 
A (SU 391). The majority of the fish scales (Fig. 9b) are of 

Fig. 7  Carbonised wild plants 
from OS-KOS, remains are 
seeds where not otherwise 
stated; a unripe Vicia sp., 
b Valerianella dentata; c, 
Coronilla sp., d Trifolium/
Melilotus group, e Prunella 
vulgaris, f Alisma gramineum 
(embryo), g Echinochloa crus-
galli, h Lapsana communis, i 
Juncus sp. seed pod, j Dianthus/
Petrorhagia sp., k Ranunculus 
acris, l Thymelaea passerine, 
m Asteraceae seed head, n 
Hyoscyamus niger, o Bromus 
secalinus/hordeaceus-type, p 
Adonis sp., q unknown seed pod 
or fruit, r Digitaria sanguinalis, 
s Arrhenatherum elatius, t 
Fabaceae seed pod, u Schoeno-
plectus sp., scale bars: 1 mm
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the cycloid type; typically a thin, smooth, disk-like structure 
which is more or less circular in outline, and is character-
istic of the majority of fish such as herrings, trout, hake 
or sole (Casteel 1974). Unfortunately, considerable varia-
tion in scale shape and size, even between different areas of 
the same individual fish, mean that these are not always the 
best indicator for identification (Patternson et al. 2002). Both 
bones and scales are disrupted by heating, such as during 
cooking or prolonged immersion in a warm liquid, and by 
enzymes if eaten (Nicholson et al. 2018), thus their presence 
in relatively high numbers would suggest that they were dis-
carded before the fish were cooked or consumed. To date, 

no further analyses have been conducted on the fish bones 
and scales recovered.

Taphonomy

Whether the pits were all open at the same time or sequen-
tially filled is unclear, however the presence of sherds of 
the same amphora found in Pits 2 and 3 suggests that they 
were being filled simultaneously. What we suspect is that 
the pits were only in use for a short period, maybe 10 years, 
and became redundant as the new sewage system, which 
was built soon after Aelia Mursa became a colony, was 

Fig. 8  Charred remains from 
SU 391, OS-KOS; a amorphous 
material with grass impressions, 
b dung/bread, c food remains, 
d food remains with seed inclu-
sion, scale bars: a–c, 2 mm, d, 
1 mm

Fig. 9  Remains from SU 391, 
OS-KOS; a eggshell, b fish 
scales, scale bars: a, 1 mm, b, 
2 mm



370 Vegetation History and Archaeobotany (2022) 31:363–376

1 3

connected to the buildings. The pits were then covered by a 
burnt layer, after it is assumed a nearby building must have 
burnt down and the debris was scattered across Insulae A 
and B. Thus, small patches of burnt clay and charcoal were 
observed in the upper layers of the pits. Yet, it is unclear 
whether any of this debris penetrated the pits, as all the pits 
contained charcoal to a greater or lesser extent.

Examining the samples per pit, we can see possible dif-
ferences in the formation processes. Pits 1 (SU 350), 4 (SU 
390), 5 (SU 383) and 6 (SU 385) represented possibly one 
fill episode, while Pit 2 (SU 360, SU 386) and 3 (SU 382, SU 
387, SU 388, SU 389) had distinguishable layers of material 
(Fig. 2). Pits 1, 4 and 5 provided relatively small numbers of 
plant remains, made up predominantly of a few cereals and 
weeds. The remains are typical of crop processing waste that 
was charred and finally deposited in the pits (Jones 1992). 
Whether this was a deliberate depositional act, by dumping 
remains from a fire or sweeping general burnt debris into the 
pit is unclear. There are similar compositions of cereals and 
weeds in Pits 2 and 6, although Pit 6 also contained a few 
pulses and fruit remains. Pits 2, 5 and 6 also revealed high 
numbers of glume bases, supporting the theory that these 
remains came predominantly from crop processing waste.

The composition of Pit 3 is slightly different to the others. 
The various layers identified during the excavation prob-
ably indicate different depositional events. The density of 
remains is extremely high, especially in layer SU 391 (> 205 
remains/L). The widest range of taxa comes from this pit, 
specifically layer SU 391, including cereals, pulses, fruits, 
herbs and exotics, as well as a huge amount of weed seeds, 
especially small legumes (Fig. 7). Preservation was also 
excellent, with evidence of pulse pod fragments (Fig. 7t), 
a Juncus sp. seed capsule with the seeds in situ (Fig. 7i), 
an Asteraceae flower head (Fig. 7m) and other identified 
articulated seeds within pods or fruit flesh (Fig. 7q). The 
preservation of these more delicate remains, which are more 
typically found at waterlogged sites (Lodwick 2020), would 
suggest primary deposition, and they were probably burnt 
in situ. As discussed already, some of the material could 
have come from crop processing waste. However, it cannot 
be ruled out that other activities may have occurred.

Crop by-products can be valuable material for feeding 
domestic animals (Foxhall 1998; Jones 1998; Derreumaux 
2005). Although there is no evidence of keeping livestock in 
the town, the possible presence of dung in the samples may 
indicate a possible source for some of the weeds and chaff 
in these contexts. Distinguishing fodder and fodder remains 
from dung is, however, notoriously problematic (Spengler III 
2019). Alternatively, the strong grassland component seen 
in Pit 3 may suggest remains of stable flooring (Lodwick 
2017b), although not much straw or bracken was identified 
from the samples. Ruderal plants growing in the courtyard 
could have also been accidentally burnt and incorporated 

in the assemblages. Other sources for the wild plants and 
chaff/straw remains could have been associated with build-
ing materials (van der Veen 1999). As the first phase of the 
colony consisted of wooden buildings, the construction 
techniques were probably similar to past traditions of using 
wattle and daub. Thus, the walls could have been made from 
a mixed organic filler, using materials such as straw, chaff 
or hay (Šedo and Knápek 2016). Thus, rubbish from these 
activities may have been burnt within the courtyard or in 
the vicinity of Insula A and the remains swept into one or 
two of the pits.

Large amounts of charcoal were found in Pit 3, especially 
SU 391, and so another source of the remains could be from 
domestic hearths where general food waste could have been 
discarded, whether intentionally or accidentally, while cook-
ing. The excellent preservation of some of the remains may 
indicate burning in situ, possibly latrine waste that was later 
burnt in the pit. Ritual offerings cannot be ruled out either, 
although if any were burnt and deposited in the pit they 
probably then become mixed with other rubbish making it 
impossible to distinguish them. Thus, it is likely that several 
sources account for the presence of these remains. Waste 
was a common problem in Roman Italy (Koloski-Ostrow 
2015; Havlíček and Morcinek 2016) and others have also 
noted the multi-purpose use of pits, both for household and 
animal/human waste, that makes it hard to disentangle waste 
disposal practices (van Zweiten et al. 2017).

Discussion

The environmental finds from the pits discovered at OS-
KOS provide a unique snapshot of dietary customs of the 
population of Aelia Mursa around ad 130s. As may well be 
expected from deposits of rubbish and possible latrine waste 
there is a wide array of economically important materials in 
the samples. Interestingly the survival of fish scales could 
suggest that either fresh or dried fish was being processed at 
the site. Evidence of salted fish being transported in ampho-
rae has also been found elsewhere, for instance from the 
Grado shipwreck in the northern Adriatic Sea (Auriemma 
2000) and it cannot be ruled out here. The fact that these 
remains probably come from freshwater fish could suggest 
they were caught near the site in either the river Drava or 
the Danube. Evidence of eggshells may also indicate the 
keeping of hens nearby, although the shells could also have 
come from ducks or other wild birds. Several agricultural 
works provide instructions for the care of egg-laying chick-
ens, including housing requirements and modifying feed 
to make hens lay sooner, more often, and with larger eggs 
(Columella, De Re Rustica VIII.3.1-8; VIII.5.1-2, Forster 
and Heffner 1954).
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Local and regional crop production in southern 
Pannonia

Cereals and pulses would have been dietary staples during 
the Roman period, providing a significant proportion of the 
calorific intake needed. The range of cereals identified at 
Aelia Mursa is comparable to those of other regions, includ-
ing the military sites located along the Rhine, where up to 
ad 140 barley, emmer, spelt and bread wheat, millet, oats 
and rye were all found in varying quantities, as at Neuss 
(Knörzer 1970) and also in the Rhine delta (Cavallo et al. 
2008, p. 75). Many of these crops, especially barley, wheats 
and millet were also grown in the region of southern Pan-
nonia from prehistoric times (Reed 2016, 2020) and would 
have been a familiar part of the local crop production sys-
tem. Evidence of chaff remains and possible cornfield weeds 
in the assemblage would also indicate local crop processing, 
even if only to a small extent within the settlement. Whether 
the inhabitants at this early stage of the colony were farm-
ing themselves in unclear, but it is likely that a portion of 
the cereal supply for the town came from local farmers in 
southern Pannonia (Reed and Ožanić Roguljić 2020). It is 
also unclear how each crop was perceived and used. For 
example, ancient sources have described instances where 

barley was given to soldiers as a punishment, yet archaeo-
logical evidence has started to contest this by showing that, 
at least in Britain, barley was consumed by soldiers (Britton 
and Huntley 2011).

The presence of these cereals also does not necessarily 
indicate their being grown solely for human consumption. 
Barley, for example, was used to feed horses (Wilmott 2001, 
p. 103; Vossen and Groot 2009), while Columella (De Re 
Rustica II.10.31, Ash 1941) reported that oats were, in some 
instances, cut for hay or fodder. Wheat, millet, peas and bar-
ley too are noted in ancient texts as feed for birds, such as 
fowl and pigeons. As already mentioned some of the wild 
plants recovered from Insula A may have come from stable 
flooring or from manure, possibly indicating foddering. In 
the Roman period large areas of marshland would have been 
located near Aelia Mursa and some suggest that horses and 
cattle can graze quite adequately in wet areas all year round 
(Vossen and Groot 2009). Although this is hard to deter-
mine, some of the remains could indicate dung from local 
grazing, especially as there are wetland and meadow plants 
in the assemblage.

In addition to cereals and pulses, we also found a range of 
fruits, nuts, herbs and vegetables, many of which, according 
to ancient sources, could have been used for either food or 

Table 1  Examples of plants 
found at OS-KOS recorded 
as economic taxa in Roman 
sources and their uses

L leaf, F fruit, J juice or oil, N nut, P peel or rind, R root or bulb, S seeds
Classical authors; Plin. Nat. (Pliny, Naturalis Historia, Bostock and Riley 1855); Cels, Origen, Contra Cel-
sum (Chadwick 1980); Virg., Virgil, Georgics (Kline 2001); Col., Columella, De re rustica (Forster and 
Heffner 1955)

Species Food Med. Sources

Allium sativum R Plin.Nat.19.34; Cels.2.18, 2.21–22
Anethum graveolens LS Plin.Nat.19.52; Cels.2.21, 2.29
Atriplex/Chenopodium L Plin.Nat.19.35–37, 20.83
Corylus avellana/C. maxima F Plin.Nat.15.24; Cels.18.6; Virg.G.2.299
Cucumis sativus F S Plin.Nat.19.23; Cels.2.21–22
Daucus carota RS Plin.Nat.25.64
Ficus carica F Plin.Nat.15.19–21; Cels.2.18
Fragaria vesca F Plin.Nat.21.50
Hyoscyamus niger JLSR Plin.Nat.18.16, 18.19
Juglans regia FJ Plin.Nat.15.7, 15.24; Cels.2.18; Virg.G.1.185, 2.65
Lens culinaris S Plin.Nat.18.31; Cels.2.18
Malus pumila/Pyrus communis F Plin.Nat.15.15; Cels.2.24; Virg.G.2.34
Malva spp. L Plin.Nat.20.84; Cels.2.12, 2.20
Olea europaea FJ Plin.Nat.15.1–8; Cels.2.20, 2.24; Virg.G.2.85–86
Piper nigrum F Plin.Nat.12.14
Prunus spinosa F Virg.G.4.145
Punica granatum F JP Plin.Nat.13.34; Cels.2.30, 2.33, 4.12; Col.12.42, 12.46
Rubus fruticosus F Plin.Nat.16.71
Sambucus nigra F JLR Plin.Nat.16.71, 24.35
Solanum sp. FJ Plin.Nat.27.108
Vitis vinifera FJ Plin.Nat.14 passim; Cels.2.18
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for medicinal purposes (Table 1). Several of these, such as 
Anethum graveolens (dill), Daucus carota (carrot), Allium cf. 
sativum (garlic), Cichorium intybus (chicory) and Cucumis 
cf. melo (melon) could have been grown in southern Panno-
nia (Table 2). Thus, kitchen gardens and orchards probably 
comprised an important component of Roman plant food 
production in and around Aelia Mursa. Both archaeological 
and historical records indicate that cities and rural places 
would have had kitchen gardens for growing food, spices, 
herbs, medicinal plants, dye plants and perhaps occasion-
ally ornamental flowers (Pagán 2016; van der Veen 2016). 
Archaeologically these features have not been identified in 
southern Pannonia, however, evidence of kitchen gardens 
and orchards has been found in other parts of Europe, includ-
ing parallel trenches and pits laid out in regular grid patterns 
(Mattingly 1996; van der Veen 2008; Figueiral et al. 2015; 
Landry and Moulin 2016; Lodwick 2017a, pp 73, 75, 80).

Of the fruits and nuts, many of these could have been 
grown in the vicinity of Aelia Mursa, such as Corylus, Jug-
lans and some of the fruits like Physalis alkengengi. Some 
could also have been brought into southern Pannonia from 
elsewhere. The presence of grape pips at this time could 
indicate viticulture in Pannonia, however, the absence of 
wine presses may indicate that the pips arrived from Dal-
matia or further afield in the form of dried fruits or in wine 
amphorae. There are several references to wine or viticulture 
in Pannonia (Reed and Ožanić Roguljić 2020), including 
Roman history by Dio Cassius who stated that the Pannoni-
ans “cultivate no olives and produce no wine except to a very 
slight extent and a wretched quality at that” (49.36, Cary and 
Foster 1917). Some suggest Pannonian viticulture and the 
planting of orchards significantly expanded in the 3rd and 
4th centuries, particularly around villae rusticae (country 

villas, often the centre of agricultural estates) (Bulat 2002, 
p. 46; Gyulai 2010, p. 157; Leleković and Rendić Miočević 
2012, p. 280). Thus, at present it is unclear where these 
grape pips from Aelia Mursa originated from, although their 
early date may indicate imports.

Imported staples and luxury foods

In addition to plants that could have grown in southern 
Pannonia, we also found a range of other foods that, due to 
climatic constraints, such as frost risk, low average tempera-
tures etc., would not have been grown in southern Panno-
nia. For example, SU 391 contained numerous Ficus carica 
(fig) seeds, a few Olea europaea (olive) stones and Punica 
granatum (pomegranate) seeds. In particular, pomegranate 
grows best in a semi-arid, mild to sub-tropical climate and so 
was probably imported into Aelia Mursa. Pomegranate seeds 
are also rarely found in temperate European contexts dur-
ing this period (Bakels and Jacomet 2003), suggesting that 
they were also probably a rare commodity in the town. With 
the exception of pomegranate perhaps, which can be stored, 
Mediterranean fruits were probably dried or preserved in 
some form. The strong evidence of olive/oil, fig and grape/
wine production in Dalmatia (Glicksman 2007) would have 
provided Pannonia with easy access to such products. This is 
supported by the finds of type Dr. 6B amphorae from Aelia 
Mursa and other neighbouring towns that confirm their links 
to olive oil production centres in the peninsula of Istria, Cro-
atia (Tonc and Filipović 2020). It is also likely that trade fol-
lowed the Danube southeast to Bulgaria and the Black Sea. 
In addition, the discovery of Piper nigrum and Oryza cf. 
sativa which both originate from Asia, shows the extent to 
which Aelia Mursa was part of the wider Roman food supply 

Table 2  Overview of the newly 
introduced and imported food 
plants recorded at Roman Aelia 
Mursa (OS-KOS)

Taxa Common name Remains/use

Imports
 Ficus carica Fig Fruit
 Olea europaea Olive Fruit
 Oryza cf. sativa Rice Cereal
 Piper nigrum Black/white pepper Spice
 Punica granatum Pomegranate Fruit

Imported, local cultivation is questioned
 Cucumis cf. melo Melon Fruit

Introduced and local cultivation plausible
 Allium cf. sativum Garlic Vegetable
 Anethum graveolens Dill Herb
 Cichorium intybus Chicory Herb
 Daucus carota Carrot Vegetable
 Juglans regia Walnut Nut
 Malus/Pyrus sp. Apple/pear Fruit
 Vitis vinifera Grape Fruit
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network. Archaeological and literary evidence suggests that 
both rice and pepper would have been traded from India, 
along the Red Sea and into Europe (Thapar 1992; Cappers 
2006; van der Veen 2011; van der Veen and Morales 2015; 
Pliny Naturalis Historia 12.14, Bostock and Riley 1855).

From previously analysed pottery from Aelia Mursa and 
the surrounding towns it is clear that amphorae and terra 
sigillata fine pottery from Italy and other regions, such as 
Spain and Gaul, were being imported from the 1st century 
ad onwards (Leleković 2018; Nagy and Szakmány 2019; 
Reed and Ožanić Roguljić 2020; Tonc and Filipović 2020). 
Although in some cases only a few potsherds have been 
found we can assume that commodities including wine, olive 
oil and fish products, such as garum, and possibly defrutum 
(a concentrated form of grape juice) were being imported 
there before the colony was established. Whether this was 
linked with the military has been debated, but there is evi-
dence of Roman settlers in the town from graves dated to the 
Flavian era (ad 69–96) (Leleković 2020) and also, a range 
of locally produced imitations of terra sigillata has been 
found in Pannonia. The first examples of imitation plates, as 
well as imported terra sigillata, have been found at military 
sites in southern Pannonia from the time of Claudius (ad 
41–54) and are assumed to be products of legionary work-
shops made for the legionary community (Leleković 2016, 
2018). In Aelia Mursa after ad 133, we see a high proportion 
of locally produced imitation terra sigillata bowls, some of 
which were probably used for mixing wine. Some of the pot-
tery styles also show evidence of foreign influences mixed 
with local traditions, with some showing similarities with 
pottery from southern Gaul and from the east, near the Black 
Sea (Leleković 2018).

The extraordinary plant assemblage recorded from OS-
KOS is unique for the southern Danube region. Elsewhere in 
temperate Europe exotic, possibly luxury foods, have been 
found at a range of Roman sites including Oedenburg in 
eastern France (Vandorpe 2010), Vindonissa (Windisch) 
in Switzerland (Jacomet et al. 2002) and Herculaneum in 
Italy (Rowan 2017). At the Roman fort and vicus (civilian 
settlement) of Oedenburg waterlogged plant remains dating 
to the 1st and 2nd centuries ad yielded a rich and diverse 
assemblage that contained several imported food plants, 
including Piper nigrum (black pepper). Plant remains from 
the pre-legionary and legionary camp phases in Vindonissa 
(10 bc until 1) revealed a large number of carbonised imports 
including Punica granatum (pomegranate), Olea europaea 
(olive), Juglans regia (walnut), Pinus pinea (stone pine), 
Pistacia vera (pistachio), Prunus persica (peach), P. avium/
cerasus (cherry) and probably Phoenix dactylifera (date) 
(Jacomet et al. 2002). Other military sites such as the legion-
ary camps of Novaesium (Neuss) or Oberaden, Germany, 
have several imported foods present including Oryza (rice), 
P. persica (peach), O. europaea (olive) and Cicer arietinum 

(chickpea) at Novaesium (Knörzer 1970) and Ficus carica 
(fig), Piper nigrum (pepper), O. europaea (olive) and Pru-
nus amygdalus (almond) at Oberaden (Kučan 1992). The 
discovery of imports such as rice and pepper may have been 
connected to the importing of luxury or high status food 
items, but their remains are usually found associated with 
military camps or towns, particularly along the European 
Limes (frontier) (Zach 2002, pp 104–105; Livarda and van 
der Veen 2008; Livarda 2011). The contexts range from city 
sewers to military hospitals and sacrificial pits, highlighting 
the wide range of uses that even exotic foods such as these 
would have had in Roman life.

A further site worth mentioning is the archaeobotanical 
assemblage from the Cardo V sewer at Herculaneum, Italy 
(ad 70s). Here carbonised and mineralised material, sea-
shells, eggshells, otoliths and fish bones were all recorded. 
Of the plant remains cereals, pulses, fruits, nuts, herbs and 
spices were all recovered including P. nigrum (pepper), 
Coriandrum sativum (coriander), Anethum graveolens (dill) 
and Phoenix dactylifera (date) (Rowan 2017). The remains 
showed that in addition to cereals and legumes, the inhabit-
ants of Ins. Or. II who were linked to the sewer system ate a 
diet based on a limited number of staple foods such as millet, 
grapes and figs, but supplemented on a frequent basis by 
over 100 different types of fruits, herbs, fish and shellfish. 
The similarity in the levels of ubiquity and abundance across 
all the quadrants indicates that the diet was relatively similar 
for all individuals and changed little over the ten years of 
accumulation. The similarities in the composition of these 
remains and the material recovered from Aelia Mursa sug-
gest that those living in Insula A were also wealthy enough 
to enjoy a wide and varied diet that included exotics such as 
rice and black pepper.

In contrast, the contents of a pit at Silchester UK show 
how an urban population in the new province of Britannia 
consumed imports including Morus sp. (mulberry), Foenicu-
lum vulgare (fennel) and Prunus domestica (bullace/plum) 
(Lodwick 2020). This raises the question of the extent to 
which communities living in new urban centres across the 
Roman world were able to select which foods they were able 
to consume, or whether they were reliant on the ebbs and 
flows of trade connections. In Britain, Orengo and Livarda 
(2016) suggest that food imports may have been state con-
trolled in the decades following the Claudian invasion, with 
a strong military influence. However, the distribution of 
exotic goods beyond the areas of military activity suggest a 
parallel market economy of private entrepreneurs (Orengo 
and Livarda 2016). As Livarda (2017) also points out, the 
dispersal of new foods and flavourings through northwest 
Europe is strongly associated with the military and with 
major towns. Thus, significant changes in consumption pat-
terns seem linked to the movement and emergence of new 
population groups, such as the military or urban populations, 
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as well as the ensuing modifications in settlement patterns, 
economic links and other socio-economic changes (Livarda 
2017).

In Aelia Mursa, it is likely that the Roman army played 
a significant role in the distribution of certain foodstuffs 
into Pannonia, while the veterans who settled there may 
have continued their original dietary habits, possibly using 
army supply networks in southern Pannonia. As it is unclear 
whether the building on our site, associated with the court-
yard and the pits whose contents we studied, was a large resi-
dence or possible tavern. We cannot therefore infer the social 
status of the people who may have consumed some of the 
foods found there. Who comprised the upper strata of society 
at Aelia Mursa is also unclear, as there is little epigraphic 
evidence or signs of any wealthy burials. What we do know 
is that veterans settled in the town, with skills, money and 
land and could have been perceived as a provincial ‘middle 
class’ (Mayer 2012). Thus, it is likely that a range of differ-
ent socio-economic factors would have influenced the influx 
of different and sometimes exotic foods into Aelia Mursa.

Conclusions

The study of archaeobotanical remains from several pits at 
the site of Park Kraljice Katarine Kosače, Osijek, provides 
a tantalising insight into the character of food, farming and 
trade during a chronologically distinct time period in the 
early years of the Roman colony of Aelia Mursa. The lack 
of Iron Age archaeobotanical evidence from Pannonia hin-
ders any direct comparison between the periods. Yet, as with 
other areas that become incorporated within the Roman 
empire, there was an influx of new and different food items 
and edible plants that would have changed local cultivation 
and culinary practices. In general, the site indicates three 
regions where food originated, the fertile plains of Panno-
nia, the Mediterranean (including Dalmatia) and Asia. The 
identification of more exotic foods, such as rice, pepper and 
pomegranates raises exciting questions for future research 
about who may have been consuming these foods? Was there 
a great demand for such items and what does this say about 
society and culture at Aelia Mursa?

From the pottery we do know that small quantities of food 
items were being transported into Aelia Mursa in amphorae 
before the founding of the colony in ad 133. Imported olive 
oil, particularly from Istria (Dalmatia), wine and fish prod-
ucts show an early trade of Roman goods to the settlement. 
Links with the military, especially during the 1st century ad, 
probably played a significant role in the uptake of imported 
goods from the Roman Empire and beyond. How the local 
towns and military food networks linked is still uncertain, 
but there was probably a degree of overlap that enabled citi-
zens to obtain certain goods and vice versa. The many trade 

routes leading into Aelia Mursa make it difficult to deter-
mine how the different foods arrived, yet what we see is a 
thriving cosmopolitan town where exotic food items were 
available to its inhabitants, as well as a wide range of staple 
crops, fruits, nuts, herbs and vegetables. Evidence of such 
a wide variety of foods on the Danubian frontier, including 
exotics such as rice and black pepper, shows how the towns 
along the Danube frontier were integrated within the wider 
Roman food system.
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