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ABSTRACT. This article presents the results of carpological and anthracological analyses of charred plant
remains collected as soil and charred wood samples from two Funnel Beaker culture sites located in Kaldus and
Browina, in the Kuyavian—Pomeranian Voivodeship, Poland. Most samples contained occasional plant remains,
including, among others, barley (Hordeum vulgare) grain, emmer wheat (Triticum dicoccum) grain, hulled wheat
(T. monococcuml/dicoccum/spelta) chaff, seeds and fruits of wild taxa, and charred wood of oak (Quercus sp.) and
Scots pine (Pinus sylvestris). Based on these findings, along with the first Neolithic discovery of tuber oat-grass
(Arrhenatherum elatius ssp. bulbosum), we interpret these as a pragmatic use of plant fragments for kindling
rather than understanding it as rubbish. We suggest that Arrhenatherum elatius ssp. bulbosum, along with
inedible parts of plants, seeds and fruits of wild plants, and wood fragments, were used in the storage pits to

start small fires for drying, lining fires, and/or fumigating the interior of the pit.
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INTRODUCTION

Chelmno Land is one of the regions in
Poland where farmers first settled during the
second half of the 6th millennium BC, likely
due to its fertile soils and a rich inland water
network. The material culture of the Neolithic
period in Chelmno Land is relatively well-
studied (see more: Czerniak, 1994; Kukawka,
1997; Kukawka et al., 2002). However, we still
lack good knowledge of the plant economy of
these early farming communities.

The most comprehensive archaeobotanical
studies of early farming communities have
examined material from southern Poland (e.g.
Mueller-Bieniek et al., 2019; Lityriska-Zajac
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and Czekaj-Zastawny, 2021; Kapcia et al.,
2024), whereas research on Neolithic agri-
culture in the central and northern parts of
Poland remains relatively limited. The most
detailed work was conducted in the 2000s
and 2010s at nine sites of the Linear Pottery
culture and Brzesé-Kujawski culture located
on the Kuyavian Plain (Bieniek, 2002, 2007;
Mueller-Bieniek, 2016; Mueller-Bieniek et al.,
2016), and in 2023, new studies on the cem-
etery of the Funnel Beaker culture (FBC) at
Gaj, site 1, were published (Mueller-Bieniek,
2023). The date ranges of the aforementioned
cultural horizons are provided in Table 1.
Archaeobotanical research on the Neolithic
sites in Chelmno Land has begun only recently,
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Table 1. Archaeological units (cultures) of the Neolithic in the Lower and Middle Vistula zone and their chronological frame-
works (based on: Czebreszuk, 2001; Grygiel, 2008; Kukawka, 2010; Czerniak, 2017; Szmyt, 2017)

ARCHAEOLOGICAL UNIT

TIME FRAME (BC)

Linear Band Pottery culture

Late Linear Band Potter culture (= Stoked Pottery culture)

Brzesé Kujawski culture
Funnel Beaker culture
Globular Amphorae culture
Corded Ware culture

5400/5200-4900/4800
4800/4700-4600/4500
4600/4500—4100/4000
4200/4000-3100/2800
3600/3500-2600/2400
2900/2800—2400/2200

and so far, only a few results have been pub-
lished. These include the contents of soil sam-
ples from two FBC features in Browina, site 4
(Bienias and Kofel, 2021), and plant remains
preserved as imprints in FBC pottery sherds
and daub fragments from Mate Czyste, site 20
(Kofel, 2020) and Katdus, sites 1-4 (Kofel and
Adamczak, 2024). The results, although lim-
ited, have shed light on Neolithic farming and
introduced us to the agricultural practices of
Chelmno Land.

GENERAL INFORMATION ON THE SITES AND
ARCHAEOLOGICAL CONTEXTS

Samples were collected from FBC features
at two archaeological sites: Katdus, site 4 and
Browina, site 4. Both sites are located in the

Kuyavian—Pomeranian Voivodeship on the
Chetmno Plateau: Kaldus in the western part
of the plateau (18°22'E; 53°19'N) on the edge of
the Lower Vistula Valley (Fig. 1), and Browina
in the central part (18°22'E; 53°19'N) (Fig. 2).

Katdus, site 4

Archaeological research in Katdus began in
the second half of the 19th century (see Chu-
dziak, 2003). Approximately 15 ha were divided
into four separate sites: Katdus sites 1-4. The
initial project, which focused on the layers of
the early medieval period, was started in 1996
(Chudziak, 2003: 14-17), and in 2015, research
on the prehistoric layers of site 4 began. To
date, only ~15% (2.3 ha) of the whole sites com-
plex has been excavated, revealing three main
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Figure 1. Kaldus site 4. Topographic map of the site showing the location of archaeological trench and selected FBC features
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Figure 2. Browina site 4. Topographic map of the site showing the location of archaeological trenches and selected FBC features

chronological horizons: the Neolithic, the Iron
Age, and the Early Middle Ages (Chudziak,
2003). Research in Kaldus is ongoing.

Several FBC features have been uncovered,
including settlement structures, utility pits, and
ritual features (Kowalski et al., 2020; Adam-
czak et al., 2021). Based on radiocarbon dating
and Bayesian chronological modelling, it is esti-
mated that FBC communities inhabited the site
over a relatively short period between 3520 and
3320 cal BC (Adamczak et al., 2024: 8). During
this timeframe, an area of ~15 hectares was in

use. Other FBC settlements in the Polish Low-
lands generally range from a few hectares to
about one hectare. Thus, Kaldus stands out
for its considerable size. Additionally, numer-
ous artefacts made from non-local raw materi-
als such as metal, exotic flint and amber have
been found at the site. The finds have led to the
interpretation of Katdus as a ritual and politi-
cal supra-regional centre from the second half
of the 4th millennium BC.

Samples from nine archaeological contexts
at Kaldus site 4 are included here: feature
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10/2015, pit 23/2016, pit 27/2016, pit 28/2016,
pit 29/2016, pit 31/2016, pit 45/2016, feature
48/2016 and feature 3/2018.

These features were at various stages of
preservation, likely due to their placement
within the site. Most of the features are located
on the dune or at its base (Fig. 1), areas that
were not affected by agricultural activities in
the past. Consequently, the depth of these fea-
tures ranges from 55 to 90 cm. The later Iron
Age inhabitants damaged some of the features
on the dune, such as feature 10/2015, which
was measured to be 35 cm deep.

Agricultural activities dating back to Pre-
history have led to a flattening of the area
north of the dune. These practices have caused
damage and a reduction in the depth of Neo-
lithic features. In this part of the site, the max-
imum depth of the FBC features is 30 cm (pit
23/2016, feature 48/2016 and feature 3/2018).

Although no traces of storage vessels or
possible stored resources have been found in
the dune features (pit 27/2016, pit 28/2016, pit
29/2016, pit 31/2016 and pit 45/2016), based
on their size and capacity, they have been
identified as storage pits. Their fills are multi-
layered, indicating that the filling process was
probably a gradual accumulation over time.

Due to its structure and content, one of
the dune’s most interesting contexts is fea-
ture 10/2015. The fill contained abundant
charred matter, pottery sherds, and bone and
daub fragments. At the base of 10/2015, there
were two strongly fired stones which crum-
bled under pressure (Fig. 3). The pit likely

served a specialised practical function related
to roasting organic material or heat treatment
(cooking?). Similarly, pit 23/2016 (Fig. 4),
located north of the dune, also contained two
stones at the bottom, but in this case, without
evidence of firing. The feature was relatively
large but shallow (up to 23 cm deep) and con-
tained bones, pottery sherds, daub and flint.
This suggests that at least one of its functions
was related to cooking or processing. However,
the possibility of pit 23/2016 being used as
a rubbish pit should not be dismissed.

Feature 48/2016 was merged with two other
features (35/2016 and 47/2016), forming a com-
plex of ritual features (Fig. 5). The 35/47/48
feature complex comprises a complete vessel
with comb-made ornaments and a half-shaft-
hole axe with a button butt (Fig. 6). The soil
sample was collected from feature 48/2016.

Finally, feature 3/2018 is a shallow feature
(depth up to 30 cm) containing several dozen
FBC pottery sherds. Its exact function has not
been identified.

Browina, site 4

Three excavation seasons (2014, 2015 and
2019) have been carried out at site 4 in Brow-
ina (Adamczak, 2021). The site, estimated to
cover ~2 ha, is located at the highest topo-
graphic point near the town of Chelmza. To
date, approximately 500 m? of the site have
been explored, revealing intensive occupation
from the Neolithic to the Iron Age. In total,
eleven FBC features (pits and postholes) have
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Figure 3. Kaldus site 4. Cross-section of feature 10/2015 with two strongly burnt stones and black fill (photo by L. Kowalski)
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Figure 4. Kaldus site 4. Cross-section of pit 23/2016 (photo by K. Adamczak)
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Figure 5. Kaldus site 4. Plane view of the top of merged features 35/47/48/2016 (photo by K. Adamczak)

been uncovered. Relative and absolute dating
provide a date range spanning from 3640 to
3510 cal BC for the FBC settlement in Brow-
ina (Adameczak, 2021: 145). Archaeobotanical
analyses of two features (pit 16/2014 and pit

Figure 6. Kaldus site 4. A comb-band ornamented vessel and
a defragmented stone battle axe from feature 35/2016 (photo
by W. Ochotny)
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17/2014) have already been published (Bienias
and Kofel, 2021). Here we present the results
from five pits: 42/2019, 45/2019, 47/2019,
51/2019 and 55/2019, all of which are only pre-
served in their lowest parts (up to 20 cm deep)
and each containing a single fill layer. It has
not been possible to determine their primary
functions based on the shape and size of the
pits and artefacts found within them. The fills
consisted of pottery sherds and occasional flint
fragments. Pits 42/2019, 45/2019 and 47/2019
are located in the central part of the site, near
storage pit 17/2014 (Adamczak, 2021; Bienias
and Kofel, 2021), whereas pits 51/2019 and
55/2019 are located in the southern part of the
site, several metres away from the other FBC
features (Fig. 2). Nonetheless, similarities
in pottery ornaments found in pits 42/2019,
45/2019, 47/2019, 51/2019 and 55/2019 indi-
cate that these two areas of the site were used
synchronously.
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MATERIALS AND METHODS

Samples were taken during active archaeological
excavations conducted in 2015, 2016, 2018 and 2019.
Plant macroremains were preserved as charred and
extracted from soil and charred wood samples. Details
of the processed samples, complete species lists and
the abundance of plant remains recovered from each
sample are provided in Table 2.

In total, 38 samples (31 from Kaldus and 7 from
Browina), ranging from 0.4 to 8 litres, were processed
by flotation, using meshes of 0.25 mm and 1.00 mm to
trap the float and the residue, respectively. All resi-
dues were dried and sorted to retain any ecofacts pre-
sent. Floats and sorted botanical materials from the
residues were examined under a binocular microscope
at magnifications up to x15. Charred plant remains
were sorted, identified and counted. In the case of
anthracology, 24 samples from Kaldus and 7 samples
from Browina were suitable for further study. Most
of the charred wood pieces derived from soil samples,
and only seven samples from Kaldus were collected
directly in the field from charred wood accumulations
visible to the naked eye. Charred wood fragments were
relatively small, ranging from <0.5 cm (in soil sam-
ples) to 2.5 cm (in charred wood samples), whereas
the maximum diameter of twig fragments was
1.5 cm. However, shrinkage during charring might
have occurred (Gale and Cutler, 2000: 11). An anthra-
cological observation was conducted using a ster-
eomicroscope (Leica M205C) at magnifications up to
160x to examine the diagnostic features visible in
three anatomical sections. The abundance of organic
remains was estimated using the following scale: X’ —
occasional (up to 10 items), xx’ — medium (11 to 50),
‘xxx’ — abundant (51 to 250), ‘xxxx’ — highly abundant
(over 250). All plant macroremains, including char-
coal identifications, were checked against botanical
literature (e.g. Greguss, 1959; Kulpa, 1974; Schwe-
ingruber, 1990; Cappers et al., 2006; Jacomet, 2006)
and compared with the modern reference collection of
the Department of Environmental Archaeology and
Human Paleoecology, Nicolaus Copernicus University
in Torun. Nomenclature follows Mirek et al. (2020).

RESULTS

KALDUS SITE 4

One soil sample collected from feature
10/2015 contained only seeds and fruit of
wild taxa, including, among others: common
self-heal (Prunella vulgaris), greater yellow-
rattle (Rhinanthus serotinus), field pennycress
(Thlaspt arvense), German knotweed (Scleran-
thus annuus), bedstraw (Galium sp.), clover
(Trifolium sp.) and vetch (Vicia sp.). The seeds
and fruit are smaller (undeveloped?) than the
average size. Occasional charred wood frag-
ments larger than 4 mm are identified as Scots

pine (Pinus sylvestris) and intermediate decid-
uous trees. The sample also contains moder-
ate amounts of Cenococcum geophilum fungus
sclerotia.

Nineteen samples were collected during
the 2016 season: five from pit 23/2016, four
from pit 27/2016, two from pit 28/2016, four
from pit 29/2016, three from pit 31/2016 and
one from feature 48/2016. Overall, the sam-
ples collected in the 2016 season are rela-
tively small and sparse.

Assemblages from pit 23/2016 contain occa-
sional crop grains, including barley (Hordeum
vulgare), emmer wheat (Triticum dicoccum),
undetermined wheat (Triticum sp.), and inde-
terminate cereals and/or wild grass (Cerealia/
Poaceae indet.). Hulled wheat (7. monococcum/
dicoccum/spelta) glume bases and occasional
grains of rye brome (Bromus secalinus), inde-
terminate brome grass (Bromus sp.), and inde-
terminate wild grass (Poaceae indet.) were also
identified. Additionally, there was a fragment
of common hazelnut (Corylus avellana) husk,
occasional sclerotia of C. geophilum fungus, and
charred amorphous remains, which might rep-
resent charred food leftovers, fruit pulp, bread
crumbs, and/or badly damaged charcoal. Some
charred wood fragments are slag-like, and
occasional indeterminate twigs, as well as oak
(Quercus sp.) fragments were also noted.

Extremely small and sparse materials
were observed in samples analysed from pits
27/2016 and 28/2016 (Fig. 7). Most of the
plant macroremains, including, among others,
T. monococcum /dicoccum/spelta glume bases,
grains of Cerealia/Poaceae indet., sclerotia of
C. geophilum fungus, and fragments of charred
amorphous remains, can be identified in the
uppermost layers of the features and probably
represent later deposition. Twigs and charred
wood of Pinus sylvestris are noted at the bot-
tom of the features.

Samples analysed from pit 29/2016 contain
occasional glume bases and spikelet forks of
T. monococcum/dicoccum/spelta, as well as
grains of Cerealia indet. Interestingly, the
wild plant assemblage, though mainly rep-
resented by single finds, was relatively rich,
comprising Bromus sp., fat-hen (Chenopodium
album), knotweed (Polygonum sp.), curly dock
(Rumex crispus), green foxtail (Setaria viri-
dis), vetch similar to smooth vetch (Vicia cf.
tetrasperma), and Vicia sp., along with sclero-
tia of C. geophilum fungus, and fragments of
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Figure 7. Kaldus site 4. Cross-section of storage pits 27/2016 and 28/2016 (photo by %.. Kowalski)

charred amorphous remains. Additionally, the
charred wood samples from pit 29/2016 con-
tained various taxa, including birch (Betula
sp.), elm (Ulmus sp.), ash (Fraxinus excelsior),
Quercus sp., Pinus sylvestris, along with inde-
terminate slag-like material and twigs.

Most plant remains in pit 31/2016 originate
from a depth of 20—40 ¢m. The remains include
grains of Hordeum vulgare, Cerealia/Poaceae
indet., T. monococcum/dicoccum/spelta glume
bases, and Cerealia indet. rachis. Wild plants
are represented by seeds and fruit of Che-
nopodium album, a seed similar to common
toadflax (cf. Linaria vulgaris), Setaria viridis,
and Vicia cf. tetrasperma. Medium amounts of
C. geophilum fungus sclerotia and occasional
fragments of charred amorphous remains were
also present. The samples from pit 31/2016
contained the most abundant charred wood
material (313 fragments), of which over 96%
can be identified as Pinus sylvestris.

The richest and most intriguing sample was
found at the base of pit 45/2016. The assem-
blage contained a moderate amount of einkorn
wheat (7. monococcum) and chaff from 7.
monococcum/dicoccum/spelta chaff, along with
fruits and seeds of wild plants, including Bro-
mus sp., Setaria viridis, and Vicia sp. These
samples also contained fragments of Cerealia/
Poaceae indet. straw, pieces of indeterminate
stalks, sclerotia of C. geophilum, fragments of
tuber oat-grass (Arrhenatherum elatius ssp.
bulbosum) bulb, Corylus avellana husk, and
charred amorphous remains. The wood frag-
ments are heavily charred, consisting of inde-
terminate twigs and numerous pieces smaller
than 4 mm. From the charred wood fragments
larger than 4 mm, it was possible to identify
alder (Alnus sp.), Fraxinus excelsior, Quercus
sp., Ulmus sp. and Pinus sylvestris.

A small and sparse assemblage is noted in
the sample taken from feature 48/2016. The
materials consist of 7. monococcum/dicoccum/
spelta glume bases, grains Cerealia indet., one
seed from the legume family (Fabaceae indet.),
occasional sclerotia of C. geophilum fungus, sin-
gle fragments of charred amorphous remains,
and occasional charred wood.

One sample taken from feature 3/2018 con-
sists of occasional glume bases and spikelet
forks of T. monococcum/dicoccum/spelta, mod-
erate amounts of highly fragmented Cerealia
indet. grains, and occasional seeds and fruits
of Bromus sp., black-bindweed (Fallopia con-
volvulus), probably elder (cf. Sambucus sp.),
along with one fragment of Corylus avellana
husk. There are also occasional charred amor-
phous remains and strongly charred indeter-
minate wood fragments.

BROWINA, SITE 4

Generally, all samples collected from
features in Browina appeared remarkably
similar. In one sample from pit 42/2019
(Fig. 8), moderate amounts of 7. dicoccum
and T. monococcuml/dicoccum/spelta chaff
were found, along with single finds of Bro-
mus sp., a fruit similar to common knotgrass
(cf. Polygonum aviculare), three fragments of
charred Quercus sp., sclerotia of C. geophilum
fungus and moderate fragments of charred
amorphous remains.

Samples from pits 45/2019 and 47/2019
consist of 7. monococcum/dicoccum/spelta
chaff and occasional Cerealia/Poaceae indet.
grains, one seed of Chenopodium album, single
pieces of charred Quercus sp., and fragments
of C. geophilum fungus sclerotia, along with
charred amorphous remains.
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Figure 8. Browina site 4. Cross-section of pit 42/2019 (photo by K. Adamczak)

Three samples from pit 51/2019 were ana-
lysed. The materials consist of occasional Cere-
alia indet. and Cerealia /Poaceae indet. grains,
T. dicoccum, T. monococcum, and T. monococ-
cum/dicoccum/spelta chaff, as well as grains
of Bromus sp. and timothy-grass (Phleum prat-
ense). Additionally, traces of charred wood of
Pinus sylvestris can be identified, along with
fragments of C. geophilum fungus and charred
amorphous remains.

In pit 55/2019, T. monococcum, and T. mono-
coccum /dicoccum/spelta chaff, fragmented
Cerealia/Poaceae indet. grains and a Cerealia/
Poaceae indet. straw have been identified. The
remains of cultivars are associated with Bro-
mus sp., charred wood of Pinus sylvestris, and
of deciduous trees, fragments of C. geophilum
fungus sclerotia and a piece of charred amor-
phous material.

DISCUSSION

Archaeobotanical analyses often help answer
questions about the function of features, plant
taphonomy, agricultural practices and for-
est management. However, in some cases, the
charred plant assemblages at archaeological
sites raise more questions than answers, as
is the case here, because these remains indi-
cate rubbish/waste in contexts that were cen-
trally used for storage. The discussion has been
divided into three parts: one for each site and
one for the first Neolithic find of Arrhenatherum
elatius ssp. bulbosum tuber in Poland.

St RS i

KALDUS SITE 4

Based on the size, shape, two heavily charred
stones at the bottom, and a homogenous fill of
charred matter, it was assumed that feature
10/2015 from Kaldus was related to cooking or
roasting. Imprints and charred plant remains
extracted from 33 daub fragments and 18 pot-
tery sherds collected from the fill were analysed
indicating the presence of cultivars during clay
preparation (Kofel and Adamczak, 2024). The
imprints included 7. monococcum/dicoccum/
spelta chaff and Cerealia/Poaceae indet. grains
and rachis, while charred remains consisted of
Hordeum vulgare grain and the epidermis of
Cerealia/ Poaceae indet. (Kofel and Adamczak,
2024: 135-136). However, no cultivars were
detected in the soil sample from the 10/2015
fill. Of course, there is no direct link between
pottery and daub temper and the fill of the fea-
ture where they were found. Imprints and plant
remains in the ceramic matrix most likely rep-
resent by-products of crop processing used dur-
ing ceramic production (e.g. Mueller-Bieniek,
2016: 753; Bienias and Kofel, 2021), whereas
soil samples represent the actual fill of the fea-
ture. If we assumed that feature 10/2015 was
linked to cooking or roasting, then how can we
explain the absence of any domesticated plants
in the assemblage? The lack of cultivars in
archaeobotanical remains suggests that feature
10/2015 was not used for food-related activi-
ties. In storage, rubbish and other pits associ-
ated with crop processing or food preparation,
remains of cultivated plants — either as grains,
seeds, or chaff, are typically found (e.g. Filipovié¢
et al., 2018, 2019; Kapcia and Nowak, 2024).
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Yet, no charred remains or meal leftovers were
present in this assemblage. Additionally, the
seeds and fruits identified in the 10/2015 sam-
ple are smaller than average, suggesting the
plants were collected before full maturation
possibly while still flowering and before har-
vest. Additionally, species such as Prunella vul-
garis, Rhinanthus serotinus, Thlaspi arvense,
and Scleranthus annuus have different habitat
preferences (Table 2). It is possible that some of
these plants represent contamination — growing
around the pit and accidentally entering — an
occurrence documented at other FBC sites (e.g.
Out et al., 2025: 190). However, we cannot rule
out the possibility that the plants were inten-
tionally brought to the site.

Our current knowledge does not allow us
to determinethe function of feature 10/2015.
Notably, the upper part of feature 10/2015 was
destroyed by Iron Age inhabitants. Although
the base of feature 10/2015 was untouched,
with no visible signs of disturbance, a biotur-
bation of (charred) materials from the upper
(Iron Age) layers could be possible. Unfortu-
nately, the Iron Age layers were not sampled,
therefore, we lack comparative materials and
do not know what was in the fill. All of this
suggest a pit with functions that cannot be
fully understood at present.

Two stones without evidence of firing were
also observed at the base of pit 23/2016. How-
ever, unlike the remains from feature 10/2015,
those from pit 23/2016, although small and
sparse, contain cultivated plants, crop weeds,
and other edible plants. Additionally, the
anthracological analyses show traces of high
temperature and the use of twigs, possibly as
kindling. All of this opens a twofold discussion
about whether pit 23/2016 was used as rubbish
or cooking and/or roasting place. The identified
plant assemblage could represent either spoiled
parts of a meal that accidentally ended up in
the cooking fire or ash swept from elsewhere
and thrown into the rubbish pit. Therefore,
although pit 23/2016 has a similar assemblage
to the storage pits (discussed in detail below),
its depth (30 cm) suggests a function related to
cooking and/or roasting or waste disposal.

Meanwhile, the shallow feature 3/2018 was
most likely used for cooking, as the assemblage
contains moderate amounts of highly frag-
mented Cerealia indet. grains along with a cf.
Sambucus sp. seed and Corylus avellana husk,
which could represent remains of porridge or

gruel dropped accidentally or deliberately into
the fire. Finds of porridge-like and/or gruel-
like deposits are well-documented from Neo-
lithic sites in Poland (e.g. Litynska, 1990) and
northern Europe (e.g. Out et al., 2025).

No further conclusions could be drawn
about the function of feature 48/2016, as the
archaeobotanical materials are too sparse.

Charred chaff, occasional segetal and rud-
eral plants and charred amorphous remains
are found in the samples collected from stor-
age pits 27/2016, 28/2019, 29/2016, 31/2016
and 45/2016. Finds of charred inedible parts
of plants, seeds and fruits of wild plants,
along with occasional charred wood fragments,
might represent crop-processing by-products
(e.g. Hillman, 1981; Fuller et al., 2014), which
were used as fuel and later discarded as ash
into the rubbish pit. However, archaeological
data do not support the idea of using these fea-
tures for rubbish but clearly indicate storage
use of pits 27/2016, 28/2016, 29/2016, 31/2016
and 45/2016. Therefore, another interpretation
of the archaeobotanical materials was sought.
It has been previously suggested (e.g. Bienias
and Kofel, 2021: 156) that assemblages com-
prising crop-processing by-products might rep-
resent remains of kindling. Small fires could
have been lit to dry, burn the lining, and/or
fumigate the interior of the pit (Podkowiniska,
1961; Pasqualone, 2025). This might also apply
to our samples from pits: 27/2016, 28/2016,
29/2016, 31/2016 and 45/2016.

Crops in Neolithic Kaldus were most likely
stored in containers rather than directly on
the bottom of the pit. Finds of pottery sherds
and charred wood fragments could represent,
at least partly, the remains of some sort of
containers. If we assume that ceramic vessels
were used for storage, then fires could occa-
sionally be lit during storage (set in the spaces
between the vessels) to dry crops and reduce
humidity. However, if other organic types of
storage containers were used, the fires were
more likely set in periods between depositions
of stored goods.

Storage pits must have had some sort of
cover/roofing protecting them from the out-
side world. Such covers could have been made
using twigs, straw, clay, and covered with soil
(Podkowinska, 1961: 31; Pasqualone, 2025).
Small fires could have been set just before
sealing/closing to reduce oxygen levels in the
pit. Creating a low-oxygen environment could
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Table 2. Results of archaeobotanical analyses from FBC sites in Kaldus and Browina, the Kuyavian—Pomeranian Voivodeship
(* — charred; gr — grain; sf — spikelet fork; gb — glume base; ra — rachis; st — straw; s — soil sample; ch — charred wood sample)

TOWN KALDUS SITE 4
SEASON 2015 2016
FEATURE 10 23 27 28
— ® | o | o | ¥ | | = o | ™ o~ w0 |
GIVEN INVENTORY NUMBER Q SR 81 8 I 81 81 =2 &1 812 &l ol =]8!| 8
TYPE OF SAMPLE S S S S S S s | ch | s s |ch| s | ch|ch| s S
ARBITRARY LAYER Iv I I | I | I0I | IV | IV
o clolo|lo|lolololo|lol| o
HORIZON J e O s T G O
— e — =) < ) © =~ =~ x <
CULTIVATED PLANTS
Hordeum vulgare gr
Triticum dicoccum gr .
Triticum sp. gr 1 1
T. monococcum / dicoccum/ spelta gb . 1 1 . . . 1 . . . . . . . 2
Cerealia indet. gr 1 2 2
Cerealia/Poaceae indet. gr 1 1 . 1
SEGETAL AND RUDERAL PLANTS
Bromus secalinus . 1 1
Rhinanthus serotinus 1
Scleranthus annuus 1
Thlaspi arvense 1
GRASSLAND, MEADOW AND PASTURE
Prunella vulgaris 1
OTHER
Bromus sp. . . 1 . . 2
Galium sp. 9
Trifolium sp. 3
Vicia sp. 10
Fabaceae indet. . . . . . . . . . . . 1 . . . .
Poaceae indet. 4 1 . . . . 2 . . . . . . . . 1
Indeterminate 5 . 1
TREES AND SHRUBS
Corylus avellana husk (frag.) ‘ . 1
CHARRED WOOD (frag.)
<4 mm XX X . X . . X . . XX . . . . XX
Betula sp. . . . . . . . . . . . 1
Quercus sp. . . . 3 4 . . . 1 . . . . . . 2
Pinus sylvestris 4 . . . . 1 . 46 1 13 4 67 13 43|23 1
deciduous 18 . . . . 3 . . . 7 . 2 5
diffuse-porous 4
indetermined . . . . . 7 . . 1
UNGROUPED
Cenococcum geophilum XX X X . . . . . . X
charred amorphous remains . X . . . . X . X X . . . . X .
VOLUME [1] 7.00 [0.50 0.40 0.50 8.00 5.00|1.00 ><_ 1.00 2.00 > 2.00 1.00 1.00
Sorted [%] 100 | 100 100 100 100 100|100 100 100 100 100 100 100 100 | 100 100
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Table 2. Continued

TOWN KALDUS SITE 4
SEASON 2016 2018
FEATURE 29 31 45 48 3
: 2|88 8 |zlglglelelelglelely
S| & & | @ S Sl o | a3 S S 2] S | © &«
~ — — — — ~ — — ~ i — — i —
GIVEN INVENTORY NUMBER {181 8 8 S &gl s & S S S S| S
TYPE OF SAMPLE ch S S S S ch S S ch S S s S S S
ARBITRARY LAYER X X . .| IV
= o | o
HORIZON 21513133 7
b= o (=) N ) 0
CULTIVATED PLANTS
Hordeum vulgare gr 2 .
Triticum monococcum sf 3
Triticum monococcum gb . . 3 . .
T. monococcum / dicoccum / spelta gb 4 7 32 2 7
T. monococcum /dicoccum/ spelta sf 1 . 1 3 . 1
Cerealia indet. gr 1 . 1 . 2 | 40fr.
Cerealia indet. ra 1
Cerealia/Poaceae indet. gr 4fr. 1 .
Cerealia/Poaceae indet. st (frag.) . 4
SEGETAL AND RUDERAL PLANTS
Chenopodium album 1 1 .
Chenopodium sp. 1 .
Fallopia convolvulus . 1
cf. Linaria vulgaris . 1
Polygonum sp. 1
Rumex crispus 5 . .
Setaria viridis 1 . 1 1
Vicia cf. tetrasperma . 1 1
GRASSLAND, MEADOW AND PASTURE
Arrhenatherum elatius
ssp. bulbosum 11fr.
OTHER
Bromus sp. 1 . 1 2fr. 1
Carex sp. 1 .
cf. Sambucus sp. . . 1
Vicia sp. . 1 4fr.
Asteraceae indet. 1 . . .
Fabaceae indet. 2 . 1 . 1
Poaceae indet. 2 3 2 1 3
Polygonaceae indet. . 1 . . . .
Indeterminate 1 3 1 . 1 3  10fr. 1 3
TREES AND SHRUBS
Corylus avellana husk (frag.) ‘ 2 1
CHARRED WOOD (frag.)
<4 mm XXX X  XXXX XX XXXX XXX XXX X
Alnus sp. . 2
Betula sp. 4 2 2 . .
Fraxinus excelsior . 1 1 . 2
Quercus sp. . 4 . 7 1 3 8
Ulmus sp. 23 2 2 . . . . . . . .
Pinus sylvestris 28 81 |137 . 3 107 54 133 2 .
coniferous . . . 7
deciduous 17 12 . 16 . 15
diffuse-porous 7 5 9
twig indet. (frag.) . 1
indetermined 1
UNGROUPED
Cenococcum geophilum XX XX . . XX . XX 31 X .
charred amorphous remains X . X XX . . b . . . 34 X X X
VOLUME 1] 4.00 4.00 250 4.00 | >< 2.00 5.00 ><_ 4.00 3.00 4.00 3.00|3.00 2.40
Sorted [%] 100 100 100 100 100 | 100 100 100 100 100 | 100 100 100 | 100 | 100
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Table 2. Continued

TOWN BROWINA SITE 4
SEASON 2019
FEATURE 42 | 45 | 47 |51 E| 51 | 51 |55 N

22/ g2/ 8 2|2 2

GIVEN INVENTORY NUMBER 9 S| B X SRS =
GRS OGO G

TYPE OF SAMPLE S s S s S s s

ARBITRARY LAYER 1 I I

CULTIVATED PLANTS

Triticum monococcum sf . 3

Triticum monococcum gb . 4

Triticum dicoccum gb 4 . 2 . . .

T. monococcum /dicoccum/spelta gb | 10 25 6 6 15 8 19

T. monococcum /dicoccum/spelta sf 1 1 .

Cerealia indet. gr . . . 2 1 .

Cerealia/Poaceae indet. gr 2fr. 6 7 1 13fr.

Cerealia/Poaceae indet. st (frag.) 1

SEGETAL AND RUDERAL PLANTS

Chenopodium album . 3

cf. Polygonum aviculare 1

GRASSLAND, MEADOW AND PASTURE

Phleum pratense 1

OTHER

Bromus sp. 1 . . 1 . . 3fr.

Indeterminate 1 5 1 1 3 1 3fr.

CHARRED WOOD (frag.)

Quercus sp. 3 1 1 . . . .

Pinus sylvestris 8 4 8 12

deciduous 4

UNGROUPED

Cenococcum geophilum 1 1 1 1 3

charred amorphous remains 12fr. 9 1 1 1fr.

bones (frag.) . 2% . . X . x*

VOLUME [1] 0.50 1.20 2.50 1.00 1.00 1.00 1.00

Sorted [%] 100 100 100 100 100 100 100

block the development of some microorganisms
and, along with low moisture and tempera-
ture, could help prevent spoilage and preserve
crops for longer (Jiménez-Jaimez and Suarez-
Padilla, 2020). Some of the charred wood
fragments found in pits: 27/2016, 28/2016,
29/2016, 31/2016 and 45/2016 could represent
the remains of the roofing/cover of the pit.

No evidence of sudden or violent incidents
has been observed in the archaeological con-
texts from Katdus. We can infer that at some
point in time, the inhabitants decided to leave
and took all their belongings with them, conse-
quently, we do not find archaeobotanical proof
of supplies.

Chaff is more hygroscopic than grain and
tends to keep moisture away from the grain
mass. Therefore, it was often used as an
admixture in the plaster used for the interior
lining of the pit (Pasqualone, 2025). This could

be one explanation for the chaff imprints found
in daub fragments from FBC sites (Bienias
and Kofel, 2021; Kofel and Adamczak, 2024),
but it does not clarify the presence of charred
chaff in the analysed samples.

The anthracological results from Kaldus
also reveal that various woodland habitats
were explored. The location of the site on the
plateau close to the Vistula River Valley, along
the boundary of two different landscape units,
is reflected in the taxonomic composition of
the analysed charred wood. Forests growing
at the foot of the plateau and in the lower part
of the Vistula River Valley could have been
composed of Fraxinus excelsior and Ulmus
sp., whereas according to the map of potential
vegetation, Chetmno Land is mostly covered
by Ficario-Ulmetum riparian forest (Cyzman
and Kaminski, 2004: 115). On the plateau and
its slopes, the main type of forest could be the
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subcontinental hornbeam-oak Tilio cordatae-
Carpinetum betuli, formed mostly by Quercus
sp. and small-leaved lime (Tilia cordata). Addi-
tionally, the boundary zone between the pla-
teau and dunes (Luc and Szmanda, 2004: 35)
could have formed a continental Querco roboris-
Pinetum forest dominated by Pinus sylvestris,
silver birch (Betula pendula) and pedunculate
oak (Quercus robur) (Cyzman and Kaminski,
2004: 116). The anthracological studies are
consistent with general palynological studies
of the second phase of FBC (3500-2900 cal BC)
at Chelmno Land, where the share of Pinus
sylvestris is 25-30% and that of Quercus sp. is
10-15% (Noryskiewicz, 2013: 115-118). Unfor-
tunately, more specific data cannot be provided
at present, since no traces of Neolithic deposits
have been detected in cores from lakes near
Kaldus, i.e. Starogrodzkie Lake (Noryskiewicz,
2004: 170), Us¢ Lake, and Chelmno/Rybaki
(Noryskiewicz, 2013: 113, fig. 38).

BROWINA SITE 4

Crop processing by-products are the only
finds in the samples from Browina. Here again,
the discussion of whether the by-products rep-
resent rubbish or something else arises. Pits
from Browina are problematic because only
their lower parts are preserved. Nonetheless,
the overall shape and archaeological content
suggest that the FBC features from Browina
were storage pits. Therefore, we suggest that
the assemblages of chaff, wild plants and frag-
ments of charred wood again represent the
remains of kindling for small fires. The items
were burned to dry out the interior of the pit
or crops, to reduce humidity or remove pests.
Traces of small fires lit in the pits, sometimes
creating multi-layered fills, are known from
other FBC sites (e.g. Podkowiriska, 1961) and
therefore could be considered a rather common
practice.

The anthracological results from Browina
correspond with the analyses of two features
excavated in 2014 (Bienias and Kofel, 2021).
All taxa identified in samples from 2019 are
also found in samples from previous seasons.
Among the taxa identified in the 2014 sam-
ples, Quercus sp. is the most frequent in fea-
ture 17/2014 (located near pits 42/2019 and
47/2019), whereas Pinus sylvestris fragments
are the most common in feature 16/2014 (Bie-
nias and Kofel, 2021: 153). Similarly to Kaldus,
the analysis of the macroremains agrees with

general palynological studies, with Pinus syl-
vestris accounting for 30—-35% and Quercus sp.
for 10-15% (Noryskiewicz, 2013). The closest
core is from Grodzieniskie Lake (Filbrandt-
Czaja, 2009), ~8 km from Browina. During the
Neolithic, the pollen diagram shows a decrease
in Ulmus sp., Tilia sp. and Quercus sp., along
with a high share of Corylus avellana. In the
soil samples from Browina, the remains of
common hazelnut cannot be observed, whereas
in Kaldus, occasional Corylus avellana husks
are identified. Whether it is a matter of prefer-
ence, accessibility, or sampling remains a topic
for further discussion.

Arrhenatherum elatius ssp. bulbosum

Fragments of A. elatius ssp. bulbosum (Fig. 9)
are found among other species in the assem-
blage from pit 45/2016 (Kaldus). All fragments
presumably represent a single find as only one
tip and base part, with visible longitudinal
marks on the epidermis, were identified.

Oat grass (Arrhenatherum elatius) can be
divided into two subspecies or varieties: false
oat grass (A. elatius elatius) and A. elatius ssp.
bulbosum. Only A. elatius ssp. bulbosum devel-
ops bulbs (Roehrs et al., 2013) and constidered
a ruderal weed, particularly in cereal fields,
where the non-bulbous forms are not present
(Effenberger et al., 2019). The bulbs usually form
underground, but may also grow above ground
(Bond et al.,, 2007). Arrhenatherum elatius
ssp. bulbosum is often found in archaeological

Figure 9. Fragmented bulb of tuber oat-grass (Arrhenatherum
elatius ssp. bulbosum) found in Kaldus site 4
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contexts, both at settlements and cemeter-
ies, with the oldest finds dating to the Neo-
lithic. Most European finds of Arrhenatherum
tubers are recorded in the British Isles and
Scandinavia, with only a few in Belgium, the
Netherlands, Switzerland, Finland and Poland
(Roehrs et al., 2013). However, A. elatius ssp.
bulbosum is sensitive to hard frost and may be
more suited to wetter climatic regions with mild
winters (Bond et al., 2007; Effenberger et al.,
2019), which might explain its lesser occurrence
in the North European Plain.

It has been suggested that tuber oat grass
was cultivated, harvested and consumed
(Engelmark, 1984; Robinson, 1994; Kirleis and
KlooB3, 2014). However, recent experimental
studies (Effenberger et al., 2019) of growing,
collecting and charring A. elatius ssp. bulbo-
sum have shown that bulbs were most likely
not consumed due to bitterness, a fibrous and
woody structure, along with the time-consum-
ing extraction of small amounts of starchy
material from the bulbs. Moreover, the experi-
ments conducted by Effenberger et al. (2019)
have shown that to obtain the characteristic
groove pattern, A. elatius ssp. bulbosum must
have been collected when the bulbs were dried,
i.e. not earlier than late summer/autumn. This
refutes the idea of bulb consumption because
if the tubers had been eaten, they would have
been collected at the peak of development in
early summer. Therefore, it has been sug-
gested that the dried bulbs were a readily
available material for kindling used both in
the settlements, as well as in cremation pyres
(Effenberger et al., 2019: 8). A ritual signifi-
cance of tuber oat grass may be supported by
their frequent deposition in burial contexts
(e.g. Jensen et al., 2010; Campbell and Rob-
inson, 2007; Jacomet and Brombacher, 2009).
However, in Kaldus, the tuber was found in
a storage pit, suggesting that a cultic aspect is
unlikely; it is rather interpreted as kindling.

To date, A. elatius ssp. bulbosum has only
been identified at one site in Poland (Mueller-
Bieniek, 2012), which is the Roman influences
period (Iron Age) site 1 in Paprotki Kolonia
located in NE Poland. In 2014, Wacnik et al.
(2014: 456) suggested that the bulbs found at
the site of Paprotki Kolonia, presumably belong
to timothy-grass (Phleum pratense) and not
to A. elatius ssp. bulbosum. They stated that
Arrhenatherum tubers should be “excluded on
the basis of its present distribution in Europe

and the present lack of the bulbous form of
A. elatius in Poland” (Wacnik et al., 2014:
456). Nevertheless, a couple of years later,
Effenberger et al. (2019) discussed in detail
the reasons for the locally limited decline of
tuber oat-grass from the pre-Roman Iron Age
onward. They suggested that the introduction
of new ploughing methods, a shift towards win-
ter crop cultivation, and colder winters might
have resulted in the local demise of A. elatius
ssp. bulbosum (Effenberger et al., 2019: 9). This
could be an explanation for the absence of tuber
oat-grass in recent Polish flora. Overall, this
makes the specimen from Katdus the first Neo-
lithic find of A. elatius ssp. bulbosum in Poland.

GENERAL DISCUSSION

In features 10/2015, 23/2016, 27/2016,
29/2016, 31/2016, 45/2016 and 48/2016 from
Kaldus, as well as in all features from Browina,
sclerotia of the fungus C. geophilum have been
observed. C. geophilum is a soil fungus that
develops at depths of 0—10 cm, and typically
occurs in the vicinity of deciduous and conifer-
ous trees (Katarzyte, 2009: 61-62), as well as
in peats, agricultural land (Jensen, 1974), and
land disturbed and/or exposed to fire (Shay
and Kapinga, 1997), which might explain its
presence in archaeological assemblages (Hall
et al., 2003). Moreover, C. geophilum might also
develop in strictly anthropogenic environments
on wooden elements, such as pit wooden rein-
forcement and/or lining (Wierzbicki, 1999: 226).
Unfortunately, at the current stage of research,
it does not seem possible to determine whether
the sclerotia found in the analysed samples rep-
resent wooden lining, the use of wood as fuel,
or in construction elements, contamination, or
a combination of all these factors.

The subsistence strategies of the FBC peo-
ple were of a mixed type, including farming,
husbandry, hunting and gathering (Wislanski,
1969, 1979: 212-219; Jankowska, 1990: 270—
286; Nowak, 2009: 391-450). The taxonomic
variety of post-consumption animal bones
found at the FBC settlements and in graves in
Poland helps reconstruct parts of the prehis-
toric diet (e.g. Jankowska, 1990; Nowak, 2009;
Waszczuk, 2011), and our knowledge of forest
management is constantly growing as a result
of anthracological analyses (e.g. Stepniak,
2006, 2007a, b; Bienias, 2011; Stepniak et al.,
2014; Stepniak and Szmyt, 2015). The same
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can be said for information regarding species
and the scale of use of domesticated and wild
plant in the FBC milieu (Litynska-Zajac, 2005:
264-267; Nowak, 2009: 392—-394; Nowak et al.,
2020; Mueller-Bieniek, 2023).

CONCLUSION

Archaeobotanical studies help not only to
understand and establish the agricultural
context of archaeological sites, but also, quite
often, open new possibilities for interpretation
and expand our knowledge of plant-related
activities. In the case of charred plant assem-
blages from Katdus and Browina, we did not
find macroremains that could be directly asso-
ciated with storage features. Instead, we found
rubbish in the form of charred by-products of
crop processing. By combining archaeological
contexts with archaeobotanical data, we came
to the conclusion that inedible parts of plants,
seeds and fruits of wild plants, and wood frag-
ments were used in the storage pits to set small
fires to dry or burn the lining, and/or fumigate
the interior of the pit. The first Neolithic find
of an Arrhenatherum tuber seems to confirm
this kindling hypothesis.

We did not find archaeobotanical proof of
supplies, but we did find evidence of practices
undertaken to keep crops dry and protected
from pests, rodents, and humidity. Further
studies, including plant microremains, as
well as site micromorphology, will help draw
a broader picture of the FBC settlers.
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