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ABSTRACT. During the archaeological exploration of two Lusatian Urnfield Culture settlements, dated to the 
Early Iron Age and located in north-central Poland, 11 well-preserved clay vessels filled with waterlogged botani-
cal remains were discovered. Their position and context led archaeologists to suggest a possible function of these 
vessels as foundation offerings. Accordingly, the results of archaeobotanical analyses were discussed within 
this context. The qualitative and quantitative richness of the subfossil samples collected from these vessels 
also offered an opportunity to provide data on the vegetation that developed in the vicinity of both settlements. 
This study focuses on grassland vegetation as a contribution to the broader history of grasslands in different 
European regions. The potential and limitations of reconstructing ancient vegetation and land use from archaeo-
botanical material of complex origin are also discussed.

KEYWORDS: archaeobotany, botanical vessel fillings, history of meadows and pastures, landscape transformation, foundation 
offering, Lusatian Urnfield Culture
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The history of grasslands is a  subject of 
interest that unites several scientific disci-
plines and requires extensive interdisciplinary 
cooperation to address issues relevant to each 
field. For botanists and ecologists studying 
processes in modern grassland communities, 
knowledge of their origin and long-term dynam-
ics under changing climate conditions and 
land-use practices is of paramount importance. 
According to Poschlod (2015), preserving and 

© The Author(s) 2025. 
This is an Open Access article, distributed under the terms of the Creative Commons Attribution license (https://creativecommons.org/licenses/by/4.0/), 

which permits unrestricted re-use, distribution, and reproduction in any medium, provided the original work is properly cited. 
Publisher: W. Szafer Institute of Botany, Polish Academy of Sciences

maintaining grassland biodiversity requires 
understanding both the historical and current 
contexts. There are also several reasons why 
knowledge of grassland history is essential 
for archaeology and related natural sciences 
such as archaeobotany and archaeozoology. 
Forests, open wetlands, and patches of other 
herbaceous vegetation within woodlands have 
always been important to humans as a source 
of food, medicinal plants, and raw materi-
als for various purposes, as well as fodder 
for grazing game and later domestic animals *	 Corresponding authors
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(Kubiak-Martens, 1996, 2002; Bishop et al., 
2015; Divišová and Šida, 2015). The develop-
ment of a  sedentary lifestyle and agriculture 
by Neolithic tribes initiated regular thinning 
of forests through burning, logging and cattle 
grazing, which gradually increased the area of 
semi-open and then open pastures, cultivated 
fields, and settlements (Noryśkiewicz, 2013; 
Woodbridge et al., 2014; Jacomet et al., 2016; 
Czerniak et al., 2023). In subsequent periods, 
cultural development was combined with inno-
vations in agricultural management tools and 
methods, including those related to animal 
husbandry (Urban, 2019; Hald et al., 2024). 
The area used for pastures and meadows, the 
length of the grazing season, and the qual-
ity of fodder intended for livestock were all 
important for the subsistence economy, which 
affected human well-being and demographic 
processes. Therefore, the history of grasslands 
(pastures and meadows) in a given area coin-
cides with the regional history of civilization.

Natural wetlands and semi-natural grass-
lands are of special scientific interest as 
endangered ecosystems in many regions of 
the world (Middleton et al., 2006; Habel et al., 
2013; Davidson, 2014). In Europe, fen mead-
ows receive particular attention as biodiver-
sity hotspots and home for many endangered 
species; however, they have experienced signif-
icant decline due to sensitivity to environmen-
tal changes and management practices (Stam-
mel et al., 2003; Biró et al., 2020; Kulik et al., 
2023; Reutimann et al., 2023). Other grass-
land ecosystems are also declining, threaten-
ing many rare and specialist species of flora 
and fauna, which calls for their urgent protec-
tion (Söderström et al., 2001; Cremene et al., 
2005; Pärtel et al., 2005; Janišová et al., 2011; 
Ozinga et al., 2013). These processes are pro-
gressing because of the climate warming nega-
tive effects on water balance in soil, and due 
to various forms of human impact including 
drainage, conversion into arable land, animal 
husbandry (overgrazing) and then industrial 
and residential uses. An increasing number of 
studies focus on undesirable changes in semi-
natural grasslands due to the modern socioeco-
nomic transformations of rural areas. Inten-
sification of livestock production has shifted 
from extensive grazing on pastures to housing 
animals in confined spaces and feeding them 
formulated diets. The practice of sowing spe-
cific grass seeds and using artificial fertilizers 

aims to produce highly nutritious fodder, and 
hay harvesting has changed due to modern 
specialized equipment. These 20th-century 
agricultural innovations have strongly affected 
meadow ecosystems through floristic impov-
erishment. Furthermore, reduced demand 
for open pastures and traditionally managed 
meadows has led to their gradual abandon-
ment and transformation, favoring the spread 
of highly competitive, invasive tall forbs and 
grasses, followed by overgrowth by shrubs and 
trees. This succession results in further loss of 
plant species richness and diversity, as well as 
the specific character and functioning of these 
ecosystems (Cremene et al., 2005; Poschlod 
et al., 2005; Habel et al., 2013; Bonari et al., 
2017; Swacha et al., 2018; Valkó et al., 2018). 

Recently, the observed decline and degra-
dation of grasslands have become a subject of 
thorough debate concerning the loss of a broad 
range of so-called “ecosystem services,” includ-
ing some economic benefits previously under-
estimated (Maltby and Acreman, 2011; Bonari 
et al., 2017; Hanisch et al., 2020; Grange et al., 
2021). Therefore, this discussion also concerns 
grassland conservation and restoration meth-
ods (Stammel et al., 2003; Middleton et al., 
2006; Tälle et al., 2016, 2018). Both experi-
mental studies and classical research are used 
to elucidate successional processes and the role 
of functional traits of leading and diagnostic 
species under different types and intensities 
of management (burning, mowing, livestock 
grazing, abandonment) as tools for grassland 
restoration (Moog et al., 2002; Kahmen and 
Poschlod, 2008; Milberg et al., 2018; Swacha 
et al., 2018, 2023; Sienkiewicz-Paderewska 
et al., 2020). This creates a need for a better 
understanding of wetlands and other types of 
grassland functioning and ecology, as well as 
their long-term history in the context of natural 
and anthropogenic impacts (Pärtel et al., 2005; 
Hejcman et al., 2013; Eriksson and Cousins, 
2014; Poschlod, 2015; Feurdean et al., 2018).

Plant remains are the main direct material 
evidence used in discussions on the history of 
grasslands. They document the presence of 
particular species in specific areas and times, 
while knowledge of their ecological require-
ments (Ellenberg et al., 1992; Zarzycki et al., 
2002), functional traits (Klimešová et al., 2008; 
Ladouceur et al., 2019; Lengyel et al., 2020), 
and co-occurrence with other species in recent 
plant communities (Ellenberg et al., 1992; 
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Matuszkiewicz, 2001) serves to reconstruct 
potential past vegetation and agricultural 
management methods (Hodgson et al., 1999; 
Lodwick, 2017). In general, the interpretation 
of archaeobotanical data for reconstructing 
past plant community composition faces sev-
eral constraints, not only due to the fragmen-
tary nature of such materials and their usually 
complex origin, but also because of limitations 
in using modern vegetation data for this pur-
pose. When searching for potential analogs of 
ancient plant communities in present-day veg-
etation, numerous natural and anthropogenic 
factors that have shaped their development 
over thousands of years must be considered 
(Behre and Jacomet, 1991; Lityńska-Zając and 
Wasylikowa, 2005). Moreover, due to the recent 
rapid decline of earlier grassland communities 
(Sucholas et al., 2022), especially in the densely 
settled lowlands of Central Europe, it is virtu-
ally impossible to find patches of meadows and 
pastures resembling those used in historic and 
prehistoric times.

Although the long-term history of grasslands 
is the subject of a  growing number of studies 
(Pärtel et al., 2005; Poschlod et al., 2009; Hejc-
man et al., 2013; Kuneš et al., 2015; Poschlod, 
2015; Feurdean et al., 2018), original palaeobo-
tanical data providing information on the occur-
rence of specific grassland species assemblages 
in different periods and regions of Europe still 
need to be supplemented. Pollen data cover 
almost the entire European area (European Pol-
len Database 2007–2025), enabling estimations 
of forest-open land dynamics at various spa-
tial and temporal scales (Ralska-Jasiewiczowa 
et al., 2004; Nielsen et al., 2012; Fyfe et al., 
2015; Jamrichová et al., 2017; Pędziszewska 
et al., 2020) and allowing reconstruction of 
general land-use history trends in particular 
regions (Berglund, 1991; Abraham et al., 2016; 
Kozáková et al., 2021; Vinogradova et al., 2023). 
However, pollen data alone usually do not allow 
for a  detailed characterization of grassland 
ecosystems. In contrast, well-preserved plant 
macrofossils make it possible to identify some 
elements of the species composition of past 
vegetation at a  given site and its surround-
ings and may provide insights into farming 
methods (Körber-Grohne et al., 1983; Hodg-
son et al., 1999; Lodwick, 2017; Akeret et al., 
2018; Maciejewska et al., 2022; Šálková et al., 
2022; Jakobitsch et al., 2023). Studies combin-
ing pollen and macrofossil data or relying on 

large macrofossil datasets focusing on grass-
land history or considering this issue in detail, 
remain infrequent and unevenly distributed 
across European regions and periods (but see 
e.g. Greig, 1988; Knörzer, 1996; Pokorná et al., 
2018). In this respect, one of the most interest-
ing and poorly studied periods in northern Cen-
tral Europe is the Late Bronze and Early Iron 
Age transition. So far, archaeobotanical records 
for this period mostly concern cultivated plants, 
with few source materials illustrating the veg-
etation of settlement hinterlands.

The Late Bronze Age to Early Iron Age tran-
sition was a period of important socioeconomic 
transformations that occurred under conditions 
of a  marked climate change in the Northern 
Hemisphere (Beer and Van Geel, 2008; Tur-
ney et al., 2016; Bevan et al., 2017; Park et al., 
2019). Archaeological data indicate that during 
this time, a large part of Central Europe (includ-
ing most of modern Poland, eastern part of Ger-
many, and some territories of Czech Republic, 
and Slovakia) was settled by population of the 
Lusatian Urnfield Culture (LUC) (Dąbrowski, 
2009; Kaczmarek, 2017). Among the impor-
tant determinants of this culture are charac-
teristic funeral rites (cremation, characteristic 
urns, flat graveyards) and numerous defensive 
settlements (strongholds) (Dąbrowski, 2009; 
Góralczyk, 2024), as well as notable economic 
strategies (Kaczmarek, 2017; Urban, 2019). Set-
tlements were often located near lake shores, 
on lake islands, or on lower terraces above 
floodplains (i.e. in areas primarily covered by 
wetlands, which may have been used for live-
stock grazing). Numerous pollen diagrams 
illustrate a distinct increase in open land with 
a  rising share of plant taxa typical for mead-
ows and pastures in various habitats, such as 
Plantago lanceolata, P. media, Poaceae, Rumex 
acetosa-type, Filipendula, Centaurea jacea-type, 
Ranunculus acris-type and Aster-type, among 
others (Latałowa, 1982, 1992; Ralska-Jasie-
wiczowa and Van Geel, 1998; Niewiarowski 
and Noryśkiewicz, 1999; Makohonienko, 2000; 
Filbrandt-Czaja, 2009; Noryśkiewicz, 2013; 
Pędziszewska and Latałowa, 2016; Kołaczek 
et al., 2025). However, despite the relatively 
large number of LUC sites excavated in Poland 
(Urban, 2019; Góralczyk, 2024), archaeobot-
anical data so far mainly concern fragments of 
charred wood and diaspores of cultivated plants 
and field/ruderal weeds (Lityńska-Zając, 2005; 
Urban, 2019), while information related to other 
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ecosystems remains very limited. The early work 
at the Biskupin stronghold (Gniezno Lakeland) 
by Jaroń (1938) still provides the best evidence 
of wild plants, including those likely to have 
grown in meadows and pastures surrounding 
this site. At other sites, as for example Sobie-
juchy (Palmer, 2004), Grzybiany (Sady, 2015), 
and many more, macrofossil analyses revealed 
only a few taxa typical of this kind of vegetation.

During excavations of cultural layers at two 
LUC sites in north-central Poland – Polanowo 
and Mirakowo-Grodno – well-preserved clay 
vessels filled with waterlogged botanical 
remains were discovered (Gackowski, 2003; 
Pydyn, 2010). So far, the results of archaeo-
botanical analyses have mainly focused on the 
potential origin of the vessel fillings (Latałowa 
and Pińska, 2010) and plant use (Kunicka, 
2012). However, the extensive lists of wild taxa 
found in the vessels also offer an opportunity 
to characterize elements of the vegetation that 
spread around both sites during the Early Iron 
Age. The main purpose of the present study is 
to provide new data on the floristic elements of 

vegetation that developed in the area occupied 
by the LUC population in north-central Poland, 
with special reference to grassland vegetation, 
as a contribution to grassland history in differ-
ent European regions. Our objectives are also 
to illustrate and discuss the following:

–– the potentials and limitations of recon-
structing ancient vegetation from archaeobot-
anical material of complex origin, as reflected 
by our data,

–– the potentials and limitations of such 
materials for reconstructing ancient land-use 
methods,

–– the potential of the vessel fillings from 
Polanowo to be part of a  ritual foundation 
offering.

ENVIRONMENTAL SETTINGS

Both study sites are in north-central 
Poland within the Central European Lowlands 
(Fig. 1). The topography and youngest geologi-
cal structures of the area were shaped during 

Figure 1. Location of the archaeological sites: Grodno and Polanowo. Available from www.geoportal.gov.pl. Accessed Septem-
ber 2022
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the last glaciation (Kondracki, 2012). The ice 
sheet and its meltwaters left terminal and 
ground moraine hills, mostly undulating and 
dissected by a  dense hydrological network of 
interconnected lake channels and river valleys. 
Patches of outwash plains and kames were 
also formed. The area lies in the temperate 
climate zone, at the transition where Atlantic 
and continental air masses meet. The climate 
is relatively warm and dry, with an annual 
mean temperature between 8.0 and 9°C and 
average annual precipitation of ≤500 mm in 
the Gniezno Lakeland and between 500 and 
600 mm in the Chełmno Lakeland. The mean 
temperature in January ranges from −2 to 0°C, 
while that in July is ~19°C (Klimat IMGW-
PIB 2025). The growing season lasts between 
219 and 238 days (Tomczyk and Szyga-Pluta, 
2019), and the mean snow cover duration is 
~40 days (Tomczyk et al., 2021). This area lies 
within the temperate deciduous forest biome.

The Polanowo site (17°55′59.1″E, 
52°23′25.2″N) is situated on the western 
shore of Lake Powidzkie (Gniezno Lakeland, 
Wielkopolska region) (Fig. 1). It is a large chan-
nel lake, covering 1084 ha with a  maximum 
depth of 47 m (approximately 11.5 m on aver-
age) and a  long, highly diversified shoreline 
(Nowak et al., 2019a). During the Holocene, 
the lake basin underwent multiple hydro-
graphic transformations caused by climate 
change, sediment accumulation, shifts in vege-
tation belts, and human activity (Nowak et al., 

2019b). The lake’s catchment contains a vari-
ety of soils. Rusty and podzolic soils developed 
on sandy substrates, while patches of more 
fertile brown and chestnut soils originate from 
sandy clay formations. Large lake channels 
and river valleys are filled with peaty soils 
(Nowak, 2019). The map of potential natural 
vegetation (Fig. 2) indicates that habitats of 
Central European oak-hornbeam forest (Galio-
Carpinetum) and mesotrophic oak-pine forest 
(Querco-Pinetum) should co-dominate in the 
area. Within a  few kilometers, large patches 
of habitats of poor pine forest (Leucobryo-
Pinetum) also occur. Potential habitats of ash-
alder riparian forest (Fraxino-Alnetum) and 
hardwood floodplain forest (Ficario-Ulmetum) 
are scattered throughout the area, some dis-
tance from the study site. According to the cur-
rent vegetation survey (Chmiel et al., 2019), 
the present landscape is dominated by arable 
fields, grasslands and planted pine stands, but 
patches of forest communities growing in their 
original habitats, consistent with the potential 
vegetation map, have also been documented. 
Interestingly, the authors identified relatively 
large fragments of the thermophilous oak for-
est Potentillo albae-Quercetum, a  forest com-
munity currently under threat, and which is 
expected to transform into an oak-hornbeam 
forest, if not active protection is applied 
(Kwiatkowska and Wyszomirski, 1988). Poten-
tillo albae-Quercetum is characterized by 
a tall, transparent canopy; due to the spacing 

Figure 2. Potential natural vegetation map of the area around the Grodno and Polanowo sites (Matuszkiewicz, 2008, modified)
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of oaks, abundant light reaches the ground, 
allowing light-demanding plants to dominate 
the herb layer. Among these, several rare and 
protected species typical for dry grasslands 
(Festuco-Brometea) find their habitats there, 
which is also true in the study area. Wetland 
and dry ground grasslands represent a  wide 
range of plant communities, which, due to 
abandonment and negative changes in hydro-
logical conditions, are subject to degradation. 
The presence of thermophilous swards and 
communities of tall herbs developing mainly 
along forest edges is a characteristic feature of 
the local vegetation (Chmiel et al., 2019).

The Mirakowo-Grodno site (Grodno in the 
following text) (53°09′30.5″N, 18°42′17.2″E) is 
situated on a peninsula on the western shore 
of Lake Grodzieńskie in the Chełmno Lakeland 
(Fig. 1). The lake covers 46 ha with a maximum 
depth of 7 m (3 m on average), and its shore-
line is highly diversified. It occupies a  small 
part of a  long channel filled by larger lakes 
and wetlands. Flat and undulating moraine 
plains dominate the landscape, but a  small 
patch of sandy outwash plain occurs near the 
lake. Leached brown soils dominate the area 
surrounding the lake, while peaty soils have 
developed in wetlands (Niewiarowski and Kot, 
2010). The potential vegetation map (Fig. 2) 
indicates that, considering the potential of the 
habitats, the area is rather uniform and sug-
gests oak-hornbeam forest (Tilio-Carpinetum) 
as the main vegetation type. Small, scattered 
patches of habitats of mesotrophic oak-pine 
forest (Querco-Pinetum), alder-ash riparian 
forest (Fraxino-Alnetum) and alder carr (Car-
ici elongatae-Alnetum) are also present. Today, 
the area is strongly transformed by human 
activity and is mostly covered by fields, but 
large patches of forested land remain in the 
immediate surroundings of the lake. The larg-
est woodland areas consist of pine plantations, 
other woods represent different variants of 
oak-hornbeam forest (Tilio-Carpinetum), small 
patches of riparian forest (Fraxino-Alnetum) 
and alder carr (Carici elongatae-Alnetum).

ARCHAEOLOGICAL CONTEXT  
OF THE STUDY

Polanowo is an underwater archaeological 
site dated to the Early Iron Age (radiocarbon 
dating range: 785–530 cal. years BCE; medians 

670–635 cal. years BCE) (Pydyn and Rembisz, 
2010) and identified as an open settlement 
from the late phase of the LUC (Pydyn, 2010). 
The distribution of numerous wooden struc-
tures and the lake’s bottom topography suggest 
that the settlement occupied a small promon-
tory now covered by water. High dispersion of 
the structures and other objects is likely the 
result of intensive wave and ice action along 
the shoreline, which is not surprising in such 
a large lake. Lithological, macrofossil and pol-
len analyses indicated disrupted, fragmented 
sediments at the site (Święta-Musznicka et al., 
2010). More than half of the one-meter profile 
consisted of strongly consolidated, mostly min-
eral sediments of Late Glacial age, while the 
upper part of the profile (approximately 40 cm) 
was composed of calcareous gyttja with a high 
admixture of plant and animal detritus, dated 
to the late Holocene. The pollen and macrofos-
sil data provided no evidence of local human 
activity, leading to the conclusion that the 
upper part of the sediments does not originate 
from the period of the settlement’s functioning.

Settlement activity at the site is indicated 
not only by the remains of wooden construc-
tions but also by the presence of querns, loom 
weights, metal objects, animal bones and 
abundant ceramics (Gręzak, 2010; Rembisz, 
2010). Among these, two ceramic vessels with 
excellently preserved organic fillings were 
discovered. The first vessel (P10) was located 
close to wooden elements of a house and con-
tained cattle limb bones, ceramic fragments 
and organic matter, which is the subject of the 
present study. The second vessel (P11), found 
in the same archaeological layer near another 
wooden construction, contained a  cattle wrist 
bone and organic matter analysed in this study 
(Gręzak, 2010). It has been hypothesized that 
both vessels may have served as foundation 
offerings (Latałowa and Pińska, 2010; Pydyn 
and Rembisz, 2010).

The Grodno archaeological site is a strong-
hold (defence settlement) dated by dendro-
chronology to 776–684 years BCE and, based 
on the characteristics of the artifacts, identi-
fied as an LUC site (Gackowski, 2016). The 
stronghold is situated on a peninsula on Lake 
Grodzieńskie, which in the past may have 
been a  sizeable island, several dozen meters 
from the former lakeshore. The island was still 
present at the end of the 18th century, but the 
gap between it and the shore was later filled 



K. Maciejewska et al. / Acta Palaeobotanica 65(2), 249–284, 2025 255

in (Gackowski, 2009). An important part of the 
site consists of well-preserved wooden struc-
tures: a bridge connecting the island with the 
shore, an entrance gate, a palisade and build-
ings. A  set of complete ceramic vessels with 
organic fillings was found at the palisade and 
bridge constructions (Gackowski, 2009, 2010). 
These were amphoras with pairs of handles, 
typically used as containers for liquids or loose 
products. The vessels were mostly undam-
aged and found standing upright. Similar to 
Polanowo, these vessels may have been part of 
a foundation offering (Gackowski, 2010).

MATERIAL AND METHODS

This study is based on previously published 
(Latałowa and Pińska, 2010), unpublished (Kunicka, 
2012), and new results of archaeobotanical analyses of 11 
vessel fillings containing organic waterlogged material: 
two from Polanowo and nine from Grodno (Table 1). All 
samples were collected by archaeologists during excava-
tions and then delivered fresh to the archaeobotanical 
laboratory at the University of Gdańsk. The samples 
were taken from bottoms of the vessels, below thick lay-
ers of mineral lake sediments filling their upper parts. 
The standard procedure for preparing plant macrore-
mains included soaking in a dilute potassium hydrox-
ide solution for 24 hours; samples were then rinsed on 
three sieves (0.2, 0.5 and 2.8 mm). Seeds, fruits and 
other remains were separated under 16× magnification 
and stored in a preservative mixture of water, ethanol 
and glycerin (1:1:1) with a  few thymol crystals. Iden-
tifications were made using specific keys and atlases 
(e.g. Kowal, 1953; Marek, 1954; Körber-Grohne, 1991; 
Cappers et al., 2012) and confirmed with modern speci-
mens from the reference carpological collection (CRe-
fColl-UGDA) in the Laboratory of Palaeoecology and 
Archaeobotany, Department of Plant Ecology, Faculty 
of Biology, University of Gdańsk.

Botanical nomenclature follows Mirek et al. (2020). 
In this study, the general term “grassland” refers to 
both natural and semi-natural vegetation dominated 
by herbaceous plants, if not specified as pasture (grazed 
grassland) or meadow (cut or mown grassland).

The full results of the archaeobotanical analysis, 
including taxa from various vegetation types, are pro-
vided in the supplementary material (Supplementary 
File 11). The separate column in this table contains 
supplementary data of taxa identified in cultural lay-
ers of the LUC fortified settlement in Biskupin (Jaroń, 
1938; Niezabitowski, 1938; Moldenhawer, 1948). The 
close geographical location of Biskupin to our sites 
(Gniezno Lakeland) and dendrochronological dating of 
its constructions to 747–722 BCE (Ważny, 2009) make 
these data useful even if, due to the lack of information 
on sample volumes, we provide only presence/absence 

1	 Supplementary File 1: List of all plant taxa identified in 
samples from the Polanowo and Grodno archaeological sites.

data. All taxa were assigned to five ecosociological 
groups following ecological and habitat characteris-
tics by Zarzycki et al. (2002), Roo-Zielińska (2014) and 
Mucina et al. (2016): (1) plants associated with mead-
ows, pastures and other grasslands; (2) wetland plants; 
(3) plants associated with forests and forest edges; (4) 
ruderal and segetal plants; (5) cultivated plants. Taxa 
that could not be classified into these five groups were 
placed in an additional category – other taxa. 

Taxa related to grasslands (including wetlands), 
which are the main subject of this study, are presented 
in Table 2. The basic interpretation of these results 
considers the occurrence of taxa in recent plant com-
munities, with special reference to species character-
istic of higher ranks (classes, orders) in phytosociologi-
cal classifications (Matuszkiewicz, 2001; Mucina et al., 
2016; Willner et al,. 2019; Kącki et al., 2020; Chytrý 
et al., 2024; FloraVeg.EU). To reduce potential bias 
due to the location of the study vessels within wet-
land vegetation, data related to wetland grasslands 
are analysed separately. Ecological and habitat char-
acteristics follow Zarzycki et al. (2002), Roo-Zielińska 
(2014) Mucina et al. (2016). Ecological indices of 
edaphic factors used in the analyses follow the Pol-
ish version of indicator values (Zarzycki et al., 2002). 
Taxa with preferences in two indicator numbers were 
included in both groups, while those with broader eco-
logical requirements were excluded from the analysis. 

To illustrate similarities and differences among 
study samples regarding their botanical composition 
of grassland taxa, statistical analyses were conducted 
using CANOCO and CanoDraw 3.0 for Windows 4.5. 
All analyses were performed after square root trans-
formation of the dataset. Based on the results of the 
preliminary detrended correspondence analysis (DCA) 
and considering the length of gradients (2–3), princi-
pal component analysis (PCA) was applied (Lepš and 
Šmilauer, 2003).

RESULTS

FLORISTIC COMPOSITION  
OF THE VESSEL INFILLS

The individual samples vary in volume 
(Table 1). In total, over 14000 seeds and fruits 
were found (more than 7500 in Grodno and 
over 6500 in Polanowo). Sample P10 from 
Polanowo was the richest in plant remains, 
despite not having the largest volume (Table 1; 
Fig. 3). A  characteristic feature of the mate-
rial from both sites was the large proportion 
of seeds from the Chenopodiaceae family (e.g. 
Chenopodium album, Ch. ficifolium, Cheno-
podium sp., Atriplex sp. / Chenopodium sp.). 
Seeds of Ch. album are particularly numerous 
in sample P10, accounting for over 45% of all 
remains. In Grodno, seeds of Chenopodiaceae 
comprised more than 46% of all remains in 
samples. Identification of subfossil remains 

https://acpa.botany.pl/SuppFile/214257/1/
https://acpa.botany.pl/SuppFile/214257/1/
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distinguished over 200 plant taxa, including 
more than 170 species, assigned to five main 
ecological groups (ESM1). Again, the P10 sam-
ple from Polanowo differs in species composi-
tion from other samples, containing over 30 
taxa not found in any other sample.

The highest number of taxa (73, including 
70 species) represents various types of grass-
lands (Group 1), with 51 taxa (50 species) 
recorded in Polanowo and 49 taxa (46 species) in 
Grodno. Twenty-seven taxa are common to both 
sites; 24 are found exclusively in Polanowo, and 
22 are found exclusively in Grodno. Among the 
taxa common to both sites (Fig. 4), remains of 
Arenaria serpyllifolia, Rumex acetosella, Origa-
num vulgare, Filipendula ulmaria, Cerastium 
holosteoides and Stellaria graminea are most 
abundant. The samples differ in their qualita-
tive and quantitative composition (ESM1). The 
results of PCA (Fig. 5) for grassland taxa sepa-
rate Polanowo samples on the right side of the 
plot from Grodno samples scattered on the left 
side. The main factor separating samples from 

both sites is the presence of exclusive taxa. The 
large distances between samples from Grodno 
illustrate high taxonomic variability among 
individual samples from that site.

Wetland plants (Group 2) include 43 taxa 
(37 species), such as aquatics, plants growing 
in mires and in habitats periodically flooded. 
More taxa (34) were identified in Grodno than 
in Polanowo (22). Twelve taxa were found at 
both sites. Interestingly, despite the vessels’ 
underwater positions, only a  few taxa of typi-
cal aquatic plants were recorded, while rushes 
are represented by several taxa but with few 
specimens. The largest group of species found 
in large numbers (especially in Polanowo) com-
prises those from seasonally flooded lake banks, 
such as Atriplex prostrata s.l., Ch. ficifolium, 
Ch. glaucum and Ch. rubrum.

Group 3 includes plants associated with 
forests and forest edges, comprising 16 taxa 
(14 species) of trees, shrubs and forbs found in 
small numbers of remains. Betula sect. albae 
and Fragaria vesca are the most numerous.

Figure 3. Percentage of taxa (A) and plant remains (B) associated with meadows, pastures, and other grasslands in relation 
to other ecosociological groups

Table 1. List of samples included in the study

Sample code Collection place Sample volume 
(cm3) Sources

GRODNO
G1 trench 16/10 15 Maciejewska and Badura, unpublished
G2 trench 18/10 300 Maciejewska and Badura, unpublished
G3 trench 18/10 300 Maciejewska and Badura, unpublished
G4 trench 16/10 300 Maciejewska and Badura, unpublished
G5 trench 16/10 200 Kunicka, 2012; Badura unpublished
G6 trench 16/10 25 Kunicka, 2012; Badura unpublished
G7 trench 16/10 200 Kunicka, 2012; Badura unpublished
G8 trench 16/10 300 Kunicka, 2012; Badura unpublished
G9 trench 16/10 580 Kunicka, 2012; Badura unpublished
POLANOWO
P10 layer III (1EG/IV) 350 Latałowa and Pińska, 2010
P11 layer III (2EG/IV) 200 Latałowa and Pińska, 2010



K. Maciejewska et al. / Acta Palaeobotanica 65(2), 249–284, 2025 257

Ruderal and segetal weeds (Group 4) are the 
second best-represented vegetation type at both 
sites. This group includes 50 taxa (46 species) 
that grow in human-disturbed habitats or as 
crop weeds. Grodno contains 39 taxa (37 spe-
cies), while Polanowo has 31 taxa (29 species). 
Twenty taxa are common to both sites. Remains 
of Ch. album, Urtica dioica, Descurainia sophia, 
Solanum nigrum, Stellaria media and Fallopia 
convolvulus are most frequent and abundant 
(ESM1). Forty-six seeds of B. nigra were found 
in sample G9 along with seeds of Papaver som-
niferum, glumes of Panicum miliaceum and 
many remains of wild species. This is one of the 
two earliest findings of this species in Poland 
and the most numerous in materials older than 
the High Medieval period (Lityńska-Zając, 
2005). This record suggests that B. nigra may 
have been gathered and used as a condiment or 
medicinal plant by LUC farmers.

The list of cultivated plants (Group 5) 
includes cereals (P. miliaceum, Triticum spelta 
and Cerealia indet.) and oil/fiber plants (Linum 
usitatissimum, P. somniferum and Camelina 
sativa). Only in Polanowo remains of culti-
vated plants occur in large numbers (P. mili-
aceum, P. somniferum and C. sativa).

REPRESENTATION OF WETLAND AND OTHER 
GRASSLAND PLANT COMMUNITIES

Most grassland species identified in this 
study are characteristic of present-day semi-
natural pastures, meadows and tall-herb 
meadow fringes developing on mesic and wet, 
fertile deep soils (Molinio-Arrhenatheretea 
class). The share of remains of these species 
relative to all grassland remains is 58% for 
Polanowo and 79% for Grodno. In Polanowo, 
they mostly occupied well-drained soils 
(Arrhenatheretalia: e.g. Campanula patula, 
Cerastium holosteoides, Leucanthemum vul-
gare, Phleum pratense, Stellaria graminea), 
whereas in Grodno, species indicative of wet, 
mineral and peaty soils (Molinietalia caeru-
leae: e.g. Valeriana officinalis, Lythrum sali-
caria, Filipendula ulmaria, Lychnis flos-cuculi) 
were dominant. Several species are typical 
of temporarily flooded or heavily grazed and 
trampled nutrient-rich meadows and pastures 
(Potentillo-Polygonetalia avicularis) such as 
Plantago major, Juncus compressus, Ranun-
culus repens, Poa annua and Sagina procum-
bens. This type of vegetation is much better 
represented in Grodno. Species typical of dry 

Figure 4. Number of taxa in each ecosociological group: 1 – 
plants associated with meadows, pastures, and other grass-
lands; 2 – wetland plants; 3 – plants associated with forests 
and forest edges; 4 – ruderal and segetal plants; 5 – culti-
vated plants

Figure 5. Principal component analysis (PCA) of samples 
from Grodno (yellow) and Polanowo (purple) in relation to 
the botanical composition of samples in the group of mead-
ows, pastures, and other grasslands. Abbreviations for plants 
associated with meadows, pastures, and other grasslands are 
in the supplementary material (ESM2)
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grasslands developing on base- and colloid-
rich soils (Festuco-Brometea class) form a dis-
tinct group at both sites (Filipendula vulgaris, 
Campanula glomerata, Prunella grandiflora, 
Primula veris, Centaurea scabiosa and Ranun-
culus bulbosus), but most species appear as 
single remains. In Polanowo, they constitute 
10%, while in Grodno they make up 8%. The 
most numerous remains are those of Origanum 
vulgare, Campanula glomerata and Primula 
veris. Only a  few species come from second-
ary dry swards developing on acid or neutral, 
nutrient-poor sandy soils, such as Potentilla 
erecta, P. argentea, Rumex acetosella, Calluna 
vulgaris, Viola canina and Luzula multiflora.

As mentioned above, the PCA plot (Fig. 5, 
Supplementary File 22) reflects similarities and 
differences in the internal structure of samples 
based on the representation of grasslands in 
different habitats. It can be assumed that the 
number of grassland taxa in samples is one 
factor influencing this pattern. The most dis-
tant sample, P10, contains the highest num-
ber of grassland taxa, including 27 associated 
with the present-day Molinio-Arrhenatheretea 
class. A  second factor may be that this sam-
ple includes taxa not found or less frequently 
recorded in other samples, and in P10, they 
occur in numerous remains. In the case of 
Grodno, most samples show a  similar number 
and taxonomic composition of grassland plants. 
Sample G3 is a  clear outlier, characterized by 
a significant accumulation of Juncus seeds, and 

2	 Supplementary File 2: Abbreviations for plant taxa associ-
ated with meadows, pastures and other grasslands used in 
the PCA

other plants in this sample are also represented 
by a higher abundance of diaspores.

Wetland taxa also reflect different vegetation 
types (Table 2). At Polanowo, the lake’s bank 
was overgrown with tall forb vegetation typi-
cal of seasonally flooded eutrophic habitats with 
Chenopodium ficifolium, Ch. glaucum, Atriplex 
prostrata s.l. and Polygonum lapathifolium. In 
Grodno, rushes with Alisma plantago-aquatica, 
Schoenoplectus lacustris, Eleocharis palustris/
uniglumis and Typha sp. were better developed. 
At this site, remains of Nuphar lutea, Nym-
phaea alba, Najas sp., Potamogeton sp. and 
Characeae appear in low numbers, whereas 
in Polanowo, numerous oogonia of Characeae 
are present in the subfossil samples, consistent 
with the present-day aquatic vegetation domi-
nated by stonewort meadows.

ECOLOGICAL INDICATORS  
OF THE EDAPHIC CONDITIONS

The ecological spectra of grassland species 
(excluding wetland taxa) reveal some differ-
ences between the sites, even though the aver-
age values for particular factors are rather 
similar (Fig. 6). At both sites, the distribution 
related to soil moisture values is similar, with 
the highest number of species preferring fresh 
soils and more taxa typical of moist soils than 
those of dry ones. The results indicate a slightly 
higher proportion of species from drier habitats 
in Polanowo. In both sites, the distribution of 
species according to trophy values shows domi-
nance of those growing on mesotrophic and 

Figure 6. Indicator values (edaphic conditions) for species regarded as plants associated with meadows, pastures, and other 
grasslands. W – soil moisture value; Tr – trophy value; R – soil (water) acidity (pH) value; D – soil granulometric value; H – 
organic matter content value

https://acpa.botany.pl/SuppFile/214257/2/
https://acpa.botany.pl/SuppFile/214257/2/
https://acpa.botany.pl/SuppFile/214257/2/
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Table 2. List of plant taxa associated with meadows, pastures, other grasslands and wetlands. I – total number of plant 
remains in all samples at a site; II – number of samples in which the taxon was present; III – percentage of remains within 
each group

Site GRODNO (n = 9) POLANOWO (n = 2)
I II III (%) I II III (%)

PLANTS ASSOCIATED WITH MEADOWS, PASTURES AND OTHER GRASSLANDS
Wet grasslands
Agrostis stolonifera L. – – – 2 1 1.31
Carex cfr. distans L. 2 1 0.65 – – –
Carex ovalis Gooden. – – – 1 1 0.65
Carex panicea L. – – – 1 1 0.65
Carex cfr. panicea L. 3 1 0.97 – – –
Deschampsia cespitosa (L.) P. Beauv. 1 1 0.32 – – –
cfr. Deschampsia cespitosa (L.) P. Beauv. 1 1 0.32 – – –
Epilobium palustre L. – – – 3 1 1.96
Filipendula ulmaria (L.) Maxim. 28 7 9.03 4 1 2.61
Hypericum tetrapterum Fr. – – – 2 1 1.31
Juncus conglomeratus L. / effusus L. 163 4 52.58 106 2 69.28
Juncus subnodulosus Schrank 15 3 4.84 – – –
Lychnis flos-cuculi L. 9 5 2.90 1 1 0.65
Lythrum salicaria L. 16 2 5.16 2 2 1.31
Molinia caerulea (L.) Moench – – – 2 1 1.31
Poa palustris L. 6 1 1.94 19 2 12.42
Puccinellia distans (Jacq.) Parl. – – – 5 2 3.27
Ranunculus repens L. 4 3 1.29 3 1 1.96
Rumex crispus L. 5 5 1.61 – – –
Scirpus sylvaticus L. 4 3 1.29 – – –
Stellaria palustris Retz. 8 3 2.58 – – –
Thalictrum lucidum L. 2 1 0.65 – – –
Valeriana officinalis L. 43 6 13.87 2 1 1.31
Sum of remains 310 153
Number of species 14 13
% of meadow species 30.43 26.00
Mesic and semi-dry grasslands
Achillea millefolium L. 1 1 1.47 – – –
Anthriscus sylvestris (L.) Hoffm. 2 2 2.94 – – –
Campanula patula L. – – – 47 2 21.86
Centaurium erythraea Rafn – – – 2 1 0.93
Cerastium holosteoides Fr. emend. Hyl. 29 7 42.65 78 2 36.28
Dactylis glomerata L. 3 1 4.41 – – –
Daucus carota L. 3 2 4.41 2 2 0.93
Hypericum maculatum Crantz – – – 37 2 17.21
Leontodon autumnalis L. 2 1 2.94 – – –
Leucanthemum vulgare Lam. – – – 9 2 4.19
Melandrium rubrum (Weigel) Garcke 4 3 5.88 – – –
Pastinaca sativa L. 2 1 2.94 – – –
Phleum pratense L. – – – 5 1 2.33
Plantago lanceolata L. – – – 1 1 0.47
Primula cfr. elatior (L.) Hill 1 1 1.47 – – –
Prunella vulgaris Huds. 14 4 20.59 1 1 0.47
Ranunculus acris L. – – – 1 1 0.47
Stellaria graminea L. 7 4 10.29 29 2 13.49
Veronica chamaedrys L. – – – 3 1 1.40
Sum of remains 68 215
Number of species 11 12
% of meadow species 23.91 24.00
Trampled grasslands
Carex hirta L. 6 2 3.68 – – –
Juncus compressus Jacq. 26 3 15.95 – – –
Plantago major L. 35 5 21.47 7 1 29.17
Poa annua L. 3 1 1.84 6 1 25.00
Polygonum aviculare L. 93 9 57.06 10 2 41.67
Sagina procumbens L. – – – 1 1 4.17
Sum of remains 163 24
Number of species 5 4
% of meadow species 10.87 8.00
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Table 2. Continued

Site GRODNO (n = 9) POLANOWO (n = 2)
I II III (%) I II III (%)

Basiphilous dry grasslands and steppe grasslands
Anthemis tinctoria L. – – – 1 1 0.99
Arenaria serpyllifolia L. 32 5 35.96 23 2 22.77
cfr. Arenaria serpyllifolia L. 9 1 10.11 – – –
Artemisia campestris L. – – – 1 1 0.99
Campanula glomerata L. 4 3 4.49 12 2 11.88
Centaurea scabiosa L. 1 1 1.12 1 1 0.99
Clinopodium vulgare L. – – – 3 1 2.97
Filipendula cfr. vulgaris Moench 2 1 2.25 – – –
Filipendula vulgaris Moench 1 1 1.12 – – –
Hypericum perforatum L. 2 2 2.25 6 2 5.94
Linum catharticum L. 19 5 21.35 10 2 9.90
Origanum vulgare L. 12 5 13.48 15 2 14.85
Pimpinella saxifraga L. 1 1 1.12 1 1 0.99
Poa compressa L. – – – 6 1 5.94
Primula veris L. 2 1 2.25 16 2 15.84
cfr. Prunella grandiflora (L.) Scholler 1 1 1.12 – – –
Prunella grandiflora (L.) Scholler 1 1 1.12 – – –
Ranunculus bulbosus L. 1 1 1.12 – – –
Saxifraga cfr. granulata L. – – – 5 2 4.95
Stachys recta L. 1 1 1.12 – – –
Veronica spicata L. – – – 1 1 0.99
Sum of remains 89 101
Number of species 12 14
% of meadow species 26.09 28.00
Dry swards on poor sandy soil
Potentilla argentea L. s.str. 7 3 13.21 11 1 6.96
Rumex acetosella L. 16 5 30.19 120 2 75.95
Calluna vulgaris (L.) Hull – – – 3 1 1.90
Luzula campestris (L.) DC. / multiflora (Retz.) Lej. 8 2 15.09 – – –
Luzula multiflora (Retz.) Lej. – – – 14 2 8.86
Potentilla erecta (L.) Raeusch. 20 5 37.74 2 1 1.27
Veronica officinalis L. – – – 1 1 0.63
cfr. Viola canina L. 2 1 3.77 – – –
Viola canina L. – – – 7 1 4.43
Sum of remains 53 158
Number of species 4 7
% of meadow species 8.70 14.00
Total sum of remains 683 651
Total number of species 46 50
WETLAND PLANTS 
Seasonally flooded alluvia and lacustrine banks
Althaea officinalis L. – – – 1 1 0.10
Atriplex prostrata s.l. Boucher ex DC. – – – 310 2 30.48
Chenopodium ficifolium Sm. 30 4 11.63 307 2 30.19
Chenopodium glaucum L. – – – 30 1 2.95
Chenopodium glaucum L. / rubrum L. 3 1 1.16 – – –
Chenopodium cfr. rubrum L. 1 1 0.39 – – –
Chenopodium rubrum L. – – – 20 1 1.97
Polygonum hydropiper L. 1 1 0.39 – – –
Polygonum cfr. lapathifolium L. 1 1 0.39 – – –
Polygonum lapathifolium L. 174 8 67.44 335 2 32.94
Polygonum cfr. mite Schrank 2 1 0.78 – – –
Ranunculus sceleratus L. 23 6 8.91 5 2 0.49
Rumex cfr. maritimus L. 3 1 1.16 – – –
Rumex maritimus L. 1 1 0.39 – – –
Rumex cfr. palustris Sm. 3 1 1.16 – – –
Myosoton aquaticum (L.) Moench 11 3 4.26 8 2 0.79
Calamagrostis pseudophragmites (Haller fil.) Koeler 3 1 1.16 – – –
Eupatorium cannabinum L. 2 1 0.78 1 1 0.10
Sum of remains 258 1017
Number of species 11 9
% of wetlands species 39.29 0.45
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eutrophic soils, but at Grodno species from 
eutrophic habitats prevail over those from mes-
otrophic ones, while the opposite trend is shown 
by the data from Polanowo. Poor, oligotrophic 
habitats are distinctly better represented at 
Polanowo. Although data from both sites indi-
cate the dominance of taxa preferring neutral 
soils and a  notable share of those favoring 
alkaline soils, the results from Polanowo illus-
trate more diversified soil reaction parameters, 

including the presence of acid soils. The data 
from both sites show similar spectra concern-
ing physical soil structure (granulometric indi-
ces) and organic matter content, indicating the 
dominance of mineral-humic soils developed on 
sandy-clayey or clayey-sandy substrates as hab-
itats for grasslands. In summary, these data 
suggest more diversified habitat conditions and 
the presence of patches of nutrient-poor soils 
around the Polanowo site.

Site GRODNO (n = 9) POLANOWO (n = 2)
I II III (%) I II III (%)

Reed and tall sedge swamps
Alisma plantago-aquatica L. 90 7 52.63 – – –
Carex cfr. elata All. 1 1 0.58 – – –
Carex paniculata L. – – – 1 1 3.13
Eleocharis palustris (L.) Roem. et Schult. – – – 1 1 3.13
Eleocharis palustris (L.) Roem. et Schult./ uniglumis (Link) Schult. 9 4 5.26 – – –
Epilobium hirsutum L. 2 1 1.17 21 1 65.63
Lycopus europaeus L. 13 5 7.60 – – –
Mentha aquatica L. 9 3 5.26 1 1 3.13
Phalaris arundinacea L. 3 1 1.75 – – –
Phragmites australis (Cav.) Trin. ex Steud. – – – 8 2 25
Schoenoplectus lacustris (L.) Palla 12 5 7.02 – – –
Schoenoplectus tabernaemontani (C.C. Gmel.) Palla 2 1 1.17 – – –
Schoenoplectus lacustris (L.) Palla / tabernaemontani (C.C . Gmel.) Palla 15 4 8.77 – – –
Typha sp. 15 5 8.77 – – –
Sum of remains 171 32
Number of species 8 5
% of wetlands species 28.57 0.25
Fens and transitional mires
Galium palustre L. 5 2 3.73 – – –
Juncus articulatus L. emend. K. Richt. 118 4 88.05 32 2 100
Menyanthes trifoliata L. 8 3 5.97 – – –
cfr. Menyanthes trifoliata L. 2 2 1.49 – – –
Ranunculus flammula L. 1 1 0.74 – – –
Sum of remains 134 32
Number of species 4 1
% of wetlands species 0.14 0.05
Ephemeral vegetation on periodically flooded habitats
Gypsophila muralis L. – – – 2 1 8.33
Juncus bufonius L. 60 3 92.31 15 2 62.50
Potentilla norvegica L. 5 3 7.69 5 1 20.83
Stellaria uliginosa Murray – – – 2 1 8.33
Sum of remains 65 24
Number of species 2 4
% of wetlands species 7.14 0.20
Aquatic plants
Characeae 13 2 39.39 295 2 99.33
Lemna sp. – – – 1 1 0.34
Najas marina L. – – – 1 1 0.34
Najas sp. 2 1 6.06 – – –
Nuphar lutea (L.) Sibth. et Sm. 6 2 18.18 – – –
Nymphaea alba L. 1 1 3.03 – – –
Potamogeton cfr. natans L. 1 1 3.03 – – –
Potamogeton sp. 10 2 30.30 – – –
Sum of remains 33 297
Number of species 3 1
% of wetlands species 10.71 0.05
Total sum of remains 661 1402
Total number of species 28 20

Table 2. Continued
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DISCUSSION

THE ORIGIN OF PLANT REMAINS  
IN THE VESSELS

The origin of the plant remains preserved in 
the study vessels and the archaeological con-
texts of these findings are important aspects 
for interpreting the archaeobotanical data. 
As mentioned earlier, these vessels might 
have been placed as foundation offerings at 
a  palisade and a  bridge (Grodno) and at two 
building constructions (Polanowo) (Gackowski, 
2010; Pydyn and Rembisz, 2010). However, it 
remains uncertain whether the plant mate-
rials found in the vessels originate, at least 
partly, from an intentional deposition of plants 
collected for the ceremony or whether the ves-
sels were left empty and later gradually filled 
with local plant material until they have been 
covered with lake sediments.

The botanical composition of the vessel con-
tents from both sites is complex, and the large 
number of species from different plant commu-
nities, including some crops, does not provide 
unambiguous evidence to answer this ques-
tion. However, some hints to test both hypoth-
eses come from the taxonomic peculiarities of 
the datasets.

Hypothesis I: The originally empty vessels 
gradually filled with plant material from local 
vegetation and various activities on the sites. 
The main argument for this hypothesis is the 
prevalence of ruderal plants, field weeds, and 
species typical of wet habitats, which were cer-
tainly widespread around the settlements and 
in their immediate surroundings. The hetero-
geneity of species composition and the pres-
ence of useful plants may reflect various uses 
of plant material in the settlements, such as 
animal fodder, construction materials and ele-
ments of human diet.

Hypothesis II: The botanical content of the 
vessels is, at least in part, the result of deliber-
ate deposition of plant material.

In general, the comparison of datasets from 
both sites shows great similarities. Character-
istic features include large proportions of spe-
cies common to both sites, similar proportions 
of taxa representing particular vegetation 
groups (except cultivated plants), and mass 
occurrences of seeds and fruits of Chenopodi-
aceae and Polygonaceae in the study samples. 
Moreover, the plant macrofossil spectra from 

the vessels in Grodno and, to a great extent, in 
Polanowo, are typical for cultural layers formed 
in archaeological wetland sites, which usually 
contain a large representation of local wetland 
and ruderal vegetation with an admixture of 
remains of plants transported to settlements 
for various uses (Behre, 1976; Latałowa, 1999; 
Pińska and Latałowa, 2014; Badura et al., 
2018; Maciejewska et al., 2022). Therefore, 
Hypothesis I  seems the most likely explana-
tion for the Grodno results, while interpreta-
tions for Polanowo are more complex. 

The results from Polanowo suggest at least 
three sources of the plant remains accumu-
lated in the vessels. Similar to Grodno, a part 
of the remains represents local vegetation and 
plant material dispersed over the settlement 
due to human activity. A  distinct admixture 
of aquatic taxa is certainly caused by flooding 
of the site and reflects the underwater posi-
tion in which the vessels were found. Finally, 
following the arguments for Hypothesis II, 
intentional deposition of some plant material 
could be considered a  third potential source 
of the remains. At least three facts support 
this hypothesis. 1 – In both vessels from 
Polanowo, remains of cultivated plants occur 
in large numbers, including numerous seeds 
of Camelina sativa and Papaver somniferum, 
which in cultural layers not associated with 
specific archaeological objects, such as vessels, 
kitchen vast or latrines, are usually highly 
dispersed. 2 – In these vessels, seeds of Che-
nopodium album and other species of Chenop-
odiaceae and Polygonaceae constitute approxi-
mately 73 and 30% of the samples. It should 
be emphasized that due to the “conservation” 
of the vessel contents by lake sediments, con-
tamination of the original fillings by recent 
diaspores can be excluded – a  frequent prob-
lem in archaeobotanical materials where fossil 
and recent seeds of C. album occur together 
and are difficult to separate (Mueller-Bieniek 
et al., 2018). Therefore, the high concentration 
of seeds of these taxa may suggest they were 
collected and deliberately placed in the vessels. 
Many earlier studies have shown these plants 
have been gathered and used as food from pre-
historic times until recent times (Kluk, 1805; 
Helbaek, 1959; Knörzer, 1967; Bogaard, 2004; 
Łuczaj and Szymański, 2007; Behre, 2008; 
Kofel et al., 2017; Nielsen et al., 2021). Inter-
estingly, Mueller-Bieniek et al. (2018, 2019) 
provided several arguments for the potential 
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cultivation of Ch. album in the Early Neolithic 
in Kuyavia, the region neighboring both study 
areas. Stokes and Rowley-Conwy (2002) also 
demonstrated through experiments that Ch. 
album can serve as an alternative to cereals 
due to its broadly comparable return rates, 
suggesting possible cultivation in the Iron Age. 
In the context of the potential ritual role of the 
vessels from Polanowo, the suggestion by Hald 
et al. (2024), that the findings of Ch. album and 
Polygonum lapathifolium as main ingredients 
of the last meals of sacrificed men (bog bodies) 
from the Iron Age in Denmark may indicate 
that mixing of crops and wild taxa could also 
have a ritual character, is especially interest-
ing. 3 – Both vessels from Polanowo also con-
tained remains of species originating from dif-
ferent habitats and known for long tradition of 
their medicinal or magical uses (e.g. Fragaria 
vesca, Primula veris, Saxifraga tridactylites 
or S. granulata, Origanum vulgare, Linum 
catharticum, Leucanthemum vulgare, Hyperi-
cum maculatum, H. perforatum, Clinopodium 
vulgare, Centaurium erythraea, Campanula 
patula and C. glomerata) (Kluk, 1805, 1808, 
1811; Kujawska et al., 2016).

The archaeological arguments for a possible 
role of the vessels from Polanowo and Grodno 
as foundation offerings (Gackowski, 2010; 
Pydyn and Rembisz, 2010) align well with 
many findings from various periods, cultural 
units and geographic locations. These suggest 
similar rituals aimed at magical protection of 
private buildings, sanctuaries, or other con-
structions, such as wells, ramparts, gates, or 
bridges (Hilczer-Kurnatowska, 1982; McCarty 
et al., 2019). Most foundation offerings consist 
of animal bones and pottery, although other 
types of artifacts have also been used for this 
purpose (Lepówna, 1981; Dalewski, 1990; 
Paulsson-Holmberg, 1998; Rovira and Chabal, 
2008; Baron, 2012; Heske et al., 2012; Nießen, 
2017; Kajkowski, 2022). Unfortunately, unlike 
other kinds of offerings, published reports on 
plant material found in potential foundation 
deposits remain relatively scarce. Notable 
exceptions include findings from Pompeii (Rob-
inson, 1999, 2002; Ciaraldi and Richardson, 
2000) and the Roman port of Lattara (Rovira 
and Chabal, 2008), where carbonized cereals, 
pulses, flax seeds and various fruit remains 
formed part of these features. Ceramic vessels 
presumed to be foundation offerings have been 
discovered at several LUC and Early Medieval 

sites in Poland; however, only a few have had 
their plant remains analysed. In this regard, 
the botanical content of two vessels from 
the Early Medieval site of Żółte (an island 
on Lake Zarańskie, northwestern Poland) is 
of particular interest, because the subfossil 
assemblages show similarities to those from 
Polanowo (Pińska and Latałowa, 2014). There 
is also evidence of foundation deposits con-
taining Early Medieval pottery with cereal 
remains from Żlinice (Hilczer-Kurnatowska, 
1982) and Ostrów Lednicki (Polcyn, 1995), as 
well as a porridge-like deposit from Bonikowo 
(Klichowska, 1964) and Żmijowiska (analysed 
by G. Skrzyński; PAP – Science and Scholar-
ship in Poland 201). At the latter site, a ves-
sel contained a  mixture of fruits and seeds 
from wild and cultivated plants, including 
large quantities of Chenopodium album along 
with Atriplex sp., Polygonum sp., Rumex sp., 
Mentha arvensis, Hordeum vulgare, Panicum 
miliaceum, Triticum spelta and Lens culinaris. 
In summary, although the nature of the sub-
fossil material from Polanowo does not allow 
an unequivocal statement about its ritual 
origin, the Hypothesis II may be considered 
and should encourage more careful analysis 
of botanical contents in similar objects. This 
practice is still not common, not only in Polish 
archaeological research (Lodwick, 2015).

SOME HINTS FOR THE DISCUSSION  
ON THE HISTORY OF GRASSLANDS  

IN NORTH-CENTRAL EUROPE

Similar to pollen data from most regions 
of Poland (Ralska-Jasiewiczowa et al., 2004), 
numerous records from Wielkopolska – 
including the Gniezno Lakeland (Tobolski, 
1990; Filbrandt-Czaja, 1998; Milecka, 1998; 
Niewiarowski and Noryśkiewicz, 1999; Mako-
honienko, 2000) and the Chełmno Lakeland 
(Filbrandt-Czaja, 2009; Noryśkiewicz, 2013), 
dated to the Late Bronze and Early Iron Ages, 
indicate a growing extent of open land at the 
expense of woodland and finally strong limita-
tion of broad-leaved forests with elm, lime, oak 
and hornbeam, alongside alder woods prevail-
ing in wetlands. The presence of cereal pollen 
types, a high proportion of grasses, and a broad 
spectrum of forb pollen suggest the impor-
tant role of farming and large-scale landscape 
transformation during the rising LUC occu-
pation. Increasing proportions and diversity 
of pollen types usually regarded as indicators 
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of various grassland communities – such as 
Plantago lanceolata, Rumex acetosa-type, Fili-
pendula, Poaceae, P. media, Ranunculus acris-
type, Arenaria-type, Trifolium pratense-type, 
Centaurea jacea-type, Asteraceae and many 
others, illustrate the development of pastures 
and, likely, meadows.

In general, the interpretation of archaeobo-
tanical data for reconstructing ancient plant 
communities faces a  number of constraints. 
These arise not only from the fragmentary 
nature and complex origins of the materials 
but also from various natural and anthro-
pogenic factors that have transformed plant 
communities over thousands of years (Behre 
and Jacomet, 1991; Lityńska-Zając and Wasy-
likowa, 2005). This also applies to the materials 
analysed in this study, which represent than-
atocoenoses sensu Willerding (1991), meaning 
that their botanical content originates from 
multiple sources. The large number of species 
with differing habitat requirements indicates 
that diversified landscapes with a  significant 
share of open land surrounded both sites.

The origin and history of particular grass-
land types differ among geographic and cul-
tural regions and specific habitats (Bush, 
1993; Poschlod et al., 2009; Hejcman et al., 
2013; Feurdean et al., 2018; Robin et al., 
2018). According to palaeoecological data, in 
north-central Europe, patches of wet grass-
lands have persisted throughout the entire 
Holocene within wetlands in river valleys and 
lake channels. The mass spread of Filipendula 
ulmaria at the very beginning of the Holo-
cene and its high presence in wetland vegeta-
tion until the establishment of alder woods 
in the mid-Holocene is well-documented in 
many pollen diagrams (Miotk-Szpiganowicz 
et al., 2004) and confirmed by macrofossil 
data (e.g. Latałowa et al., 2013; Gołaszewska 
et al., 2019). Moreover, numerous subfossil 
seeds of Epipactis palustris and Dactylorhiza 
incarnata/maculata complex found in sedi-
ments of the Wieprza River floodplain (north-
ern Poland) suggest high floristic diversity in 
these grasslands as early as the early Holocene 
(Gołaszewska et al., 2019). Although the mid-
Holocene expansion of riverine-type forests 
and the gradual overgrowth of some marshes 
by water-tolerant trees and shrubs, such as 
black alder and willows led to a  decrease in 
wetland openness, grassland species contin-
ued to find suitable conditions within a mosaic 

of wetland habitats. Some macrofossil records 
even indicate the persistence of open mires, 
hosting numerous species frequent in wet 
grasslands, throughout the entire Holo-
cene (Latałowa, 1982; Latałowa et al., 2013; 
Pędziszewska and Latałowa, 2016). Since 
the Neolithic, during successive periods and 
settlement phases, wetlands in river valleys 
and lake channels were a source of raw wood, 
animal fodder and litter. The exploitation of 
alder woods by LUC farmers is confirmed by 
a  distinct decline of the Alnus pollen in the 
diagram from Lake Grodzieńskie (Filbrandt-
Czaja, 2009) and many other regional pollen 
records. Archaeological data also indicate the 
use of alder timber for construction in LUC 
settlements (Gackowski, 2003; Ważny, 2010). 
Various plants commonly found at wetland 
archaeological sites (e.g. Phragmites australis, 
Juncus spp., Carex spp.), were undoubtedly 
collected for multiple purposes. For instance, 
Fitzke (1938/1939) suggested that the roofs of 
the Biskupin stronghold were likely thatched 
with Phragmites. During periods of low avail-
ability of forest foods (mast, mushrooms), wet-
lands may also have been used for pig breed-
ing, which was an important part of livestock 
(Poschlod et al., 2009). Multidirectional uses 
of wetlands influenced species competition 
through changes in light availability, habitat 
fertility, and local hydrology, enabling popu-
lation expansions of several previously minor 
plants, especially small forbs. Present-day 
observations in wetlands (Kulik et al., 2023) 
support the idea that these processes led to 
the ecological transformation of some wet-
land patches into wet grasslands. It appears 
that such changes were already well under-
way in areas occupied by LUC settlements, 
as evidenced by the large number of wet 
grassland species in archaeobotanical materi-
als from sites associated with this culture in 
Poland (Jaroń, 1938; this study). On tempo-
rarily flooded and heavily grazed sites, nutri-
ent-rich vegetation typical of wet grassland 
communities of the Potentillo-Polygonetalia 
avicularis was spreading. Moreover, several 
species diagnostic of these grasslands also 
occur in other human-impacted habitats such 
as trampled grassland paths, tracks, or culti-
vated fields enriched by nitrogen compounds 
(Mucina et al., 2016; Kącki et al., 2020), fur-
ther confirming the distinct impact of human 
activity around both sites.
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In the study regions, the history of grass-
land types developing on dry grounds is 
closely linked to the gradual thinning of for-
ests. Some light-demanding and tempera-
ture-tolerant species, already present in the 
late-glacial flora, survived in forest gaps and 
at forest edges bordering river valleys, lakes 
and mires, as evidenced by pollen diagrams 
showing the continuous presence of several 
herb pollen types throughout the Holocene. 
Other species spread with climate warming 
through migration facilitated by birds and 
herbivores (zoochory), as well as dispersal by 
wind (anemochory) and along watercourses 
(hydrochory). Natural and anthropogenic 
fires (Dietze et al., 2018) and large herbi-
vore grazing (Vera, 2000) created favorable 
conditions for light-demanding grasses and 
forbs, both during the early Holocene when 
forests – mainly pine, birch and later hazel 
– had a  relatively open structure, and in the 
mid-Holocene when northern Central Europe 
was dominated by dense broad-leaved forests 
(Nielsen et al., 2012; Zanon et al., 2018). High 
frequencies of Pteridium aquilinum spores in 
many pollen profiles from northern and central 
Poland confirm the presence of forest glades 
where heliophilous plants could found favour-
able conditions for their growth and prolif-
eration long before the spread of agriculture 
(Latałowa, 1992; Makohonienko, 2000). Since 
the Neolithic, periods of settlement activity 
brought increased demand for timber and fire-
wood, along with burning, livestock grazing in 
forests and coppicing (Dufraisse, 2008; Kłusek 
and Kneisel, 2021), all of which contributed 
to forest thinning and the spread of grassland 
species such as Plantago lanceolata, Rumex 
acetosa, R. acetosella, C. vulgaris and others, 
as indicated in many of the previously men-
tioned regional pollen diagrams. Palynological 
evidence of these processes, including traces of 
fires, is particularly distinct in the sections of 
pollen profiles corresponding to the late LUC 
settlement phase. Archaeobotanical data from 
Poland indicate a rising trend in species diver-
sity within these grassland types from the Neo-
lithic to the Early Iron Age (Lityńska-Zając, 
2005), consistent with findings from Germany 
(Knörzer, 1996), the Czech Republic (Pokorná 
et al., 2018) and Britain (Greig, 1988). Taken 
together with results from the present study, 
it can be inferred that LUC societies exploited 
a  full range of forest habitats around their 

settlements, leading to the development of 
pasture and meadow patches representing 
early successional stages of various grassland 
communities.

The high representation of species typical of 
present-day semi-natural vegetation classified 
as Molinio-Arrhenatheretea suggests the pres-
ence of extensively used wet and mesic grass-
lands on fertile, deep soils around both sites 
during the LUC period. This type of vegeta-
tion comprising a broad spectrum of grassland 
communities is highly variable, biodiverse, 
and sensitive to environmental changes (Roo-
Zielińska, 2001; Mucina et al., 2016; Kącki 
et al., 2020). Moisture availability and the 
intensity of grazing and mowing are key fac-
tors influencing their formation and dynam-
ics, including transitions between different 
grassland communities (Chabuz et al., 2019). 
In the Early Iron Age, patches of vegetation 
corresponding to present-day Molinietalia 
caeruleae developed on wet, mineral-humic 
soils around the settlements at Grodno and 
Polanowo. The presence of species diagnostic 
of fen communities (Scheuchzerio-Caricetea 
fuscae class), alder forests (Alnetea glutinosae 
class) and riparian forests (Fraxino-Alnetum) 
provides insight into the origins of these grass-
lands, which likely developed as secondary 
vegetation under increasing economic exploi-
tation (Matuszkiewicz, 2001). Several species 
diagnostic for wet grasslands – such as Thal-
ictrum lucidum, Filipendula ulmaria, Lycopus 
europaeus, Lychnis flos-cuculi and Polygonum 
bistorta – recovered at Biskupin (Jaroń, 1938) 
confirm that this type of vegetation was com-
monly exploited economically in areas sur-
rounding LUC settlements in the study region, 
where such habitats were widespread. 

The occurrence of a  rather large group of 
species diagnostic for present-day mesic or 
even sub-xeric meadows and pastures on more 
fertile soils (order Arrhenatheretalia elatioris) 
may reflect the initial phase of such grass-
land development. Today, grazing and mow-
ing are important for maintaining their high 
biodiversity by improving light conditions for 
many short forbs (Klimešová et al., 2008). 
These grasslands are considered among the 
most characteristic secondary plant commu-
nities, mainly developing after oak-hornbeam 
forests (Carpinion) and the driest forms of 
riverine forests (Ficario-Ulmetum) (Matusz-
kiewicz, 2001). Pollen data from both regions 
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(Makohonienko, 2000; Noryśkiewicz, 2013) 
and local data from Lake Grodno (Filbrandt-
Czaja, 2009) and Biskupin (Niewiarowski and 
Noryśkiewicz, 1999) confirm this, showing 
strong declines in Carpinus and Quercus and 
other deciduous trees, alongside increasing 
proportions and richness of non-arboreal pol-
len in sections of the pollen profiles dated to 
the Late Bronze and Early Iron Ages.

Interestingly, several of our records, as well 
as those from Biskupin, revealed species diag-
nostic for steppic semi-dry grasslands develop-
ing on neutral or basic soils, currently classi-
fied as Festuco-Brometea (Matuszkiewicz, 2001; 
Willner et al., 2019). According to Willner et al. 
(2019), in Poland, patches of such grasslands 
represent extrazonal plant communities from 
two alliances within the order Brachypodieta-
lia pinnati: Cirsio-Brachypodion pinnati and, 
less frequently, Armerion elongatae. They are 
mainly distributed on loess uplands in south-
ern Poland, but more isolated stands also occur 
in northern parts of the country, including the 
study regions (Ceynowa, 1968; Filipek, 1974; 
Prajs et al., 2010; Kajtoch et al., 2016). For 
many decades, the historical biogeography of 
steppic grasslands in Central Europe has been 
debated (Kozłowska, 1931; Gradmann, 1933; 
Ložek, 1973), but recent studies supplied the 
new palaeobotanical (Bieniek, 2002; Kohler-
Schneider and Caneppele, 2009; Magyari et al., 
2010; Moskal-del Hoyo et al., 2017, 2025), pal-
aeozoological (Németh et al., 2017; Horáčková 
et al., 2023), phylogeographical (Paul, 2012; 
Kajtoch et al., 2016; Willner et al., 2021) and 
multiproxy (Kuneš et al., 2015; Pokorný et al., 
2015; Feurdean et al., 2018; Moskal-del Hoyo 
et al., 2018) studies have shed more light on 
the origin and history of this vegetation type 
in Central Europe. The main conclusions from 
these studies, summarized in a review by Feur-
dean et al. (2018), indicate that some important 
primary and secondary refugia for steppe spe-
cies in Central Europe were located in the lower 
mountain ranges around the Pannonian Basin, 
where patches of Late Pleistocene hemiboreal-
type open-canopy forest (a kind of forest-steppe) 
could harbor several species of semi-dry grass-
lands. There is also growing evidence for the 
local persistence of such vegetation throughout 
the Holocene due to the openness of forests 
in this region, with further spread driven by 
human activity. Recent palaeoecological and 
archaeobotanical studies in loess uplands in 

southern Poland suggest a  similar scenario 
(Moskal-del Hoyo et al., 2017, 2018; Moskal-
del Hoyo, 2021). Based on a  large anthraco-
logical dataset, the authors hypothesize that 
already prior to the early Neolithic occupation 
in the mid-Holocene, the loess-mantled regions 
were mostly covered by open canopy oak and 
oak-pine forests similar to present-day sub-
continental dry-mesic oak forests (Potentillo 
albae-Quercetum), which could harbor helio-
philous plants typical of xerothermic grass-
lands. Moreover, phylogeographical data imply 
that these areas, lying south of the extent of 
the ice sheets during most Pleistocene glacia-
tions, could serve as additional refugia for eury-
thermic steppe species (Kajtoch et al., 2016). In 
fact, the oldest late-glacial pollen sections from 
the Kraków-Częstochowa Upland reveal a well-
developed steppe vegetation with taxa such as 
Artemisia spp., Helianthemum spp., Bupleurum 
sp., Sanguisorba minor, Armeria sp. and others 
(Latałowa, 1976; Latałowa and Nalepka, 1987). 
Possibly, a  portion of these light-demanding, 
xerophilous and eurythermic species persisted 
under the semi-open canopy of early Holocene 
pine-birch forests as well as in the herb layer of 
the following forest communities, distinguished 
by high proportions of pine and hazel (Latałowa 
and Nalepka, 1987), and then in patches of mid-
Holocene open-canopy oak and oak-pine forests 
described by Moskal-del Hoyo (2021).

The history of steppic grasslands in northern 
and north-central Poland, areas covered by the 
ice sheet during all Pleistocene glacial periods, 
is different. Some species typical of the so-called 
“cold steppe,” such as Artemisia spp., Helian-
themum spp., Rumex acetosella, Gypsophila 
fastigiata, Sanguisorba minor and S. officinalis, 
immigrated here after the retreat of the ice 
sheet during the Late Glacial period of the last 
glaciation (Vistulian/Weichselian Glaciation), 
as evidenced by the palaeoecological records 
(Ralska-Jasiewiczowa et al., 1998; Latałowa, 
1999). In the Holocene, the development of for-
est cover resulted in fragmentation and strong 
restriction or disappearance of open habitats; 
nevertheless, some isolated populations of 
light-demanding, xerophilous plants could per-
sist in forest openings and at forest edges up 
to the mid-Holocene. The mid-Holocene forest 
cover was also not an absolute barrier for the 
migration of some thermophilous species cur-
rently classified as typical for Festuco-Brom-
etea, such as Anthericum spp., whose pollen 
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has been recorded in several sediment samples 
from Lake Gościąż (central Poland) (Ralska-
Jasiewiczowa et al., 1998; Ralska-Jasiewiczowa 
and Van Geel, 1998). However, we may suspect 
that the formation of steppic grassland commu-
nities in the study area began with increasing 
forest disturbances in the Neolithic. High fre-
quencies of charred remains of Stipa pennata 
and occurrences of pollen of Anthericum and 
Jasione in materials from Early Neolithic sites 
in Kuyavia (a region bordering both the Gniezno 
and Chełmno Lakelands) strongly suggest the 
presence of xeric grassland patches in this area 
(Bieniek, 2002; Mueller-Bieniek and Nalepka, 
2010). Increasing land opening caused by LUC 
settlements certainly fostered the development 
of such vegetation in suitable habitats in the 
study regions, where patches of Festuco-Bro-
metea plant communities still exist (Ceynowa, 
1968; Brzeg and Wojterska, 2001). In this con-
text, the presence of relatively large fragments 
of the thermophilous oak forest Potentillo albae-
Quercetum described in the current botani-
cal survey near Polanowo (Kwiatkowska and 
Wyszomirski, 1988) may confirm the occurrence 
of potential habitats for semi-dry steppic grass-
lands, which could develop after cattle grazing 
in such woods (Moskal-del Hoyo, 2021).

Our data also suggest that vegetation typi-
cal of dry swards developing on acidic sandy 
soil occurred around the study sites. Although 
the list of taxa is rather short, the number of 
remains of Rumex acetosella, Potentilla erecta 
and Potentilla argentea indicates that their 
presence in the materials from both sites 
is not accidental. Moreover, rising frequen-
cies of Calluna in pollen diagrams from both 
regions point to increasing openness in poor 
habitats (Makohonienko, 2000; Filbrandt-
Czaja, 2009). This kind of grassland is second-
ary vegetation formed after intensive grazing 
by sheep and cattle in forests on poor soils 
(Matuszkiewicz, 2001).

Interestingly, although our material is lim-
ited to a few vessel fillings, the results reflect 
ecological differences between sites consistent 
with present-day environmental data. The list 
of taxa and the distribution of ecological indi-
ces of edaphic factors for Polanowo suggest 
more diversified habitat conditions and the 
presence of less fertile soils around this site 
than around Grodno, which aligns with maps 
of natural potential vegetation for these sites. 
This seems to confirm earlier findings that an 

adequately large macrofossil dataset contain-
ing species from various habitats may properly 
reflect environmental conditions around study 
sites (Latałowa et al., 2003).

POTENTIALS AND LIMITATIONS  
IN RECONSTRUCTING THE HISTORY  

OF GRASSLAND MANAGEMENT

Our interpretation of the data from 
Polanowo and Grodno sheds light on the devel-
opment of grassland communities in the study 
regions, but also clearly reflects the limitations 
of archaeobotanical materials for reconstruct-
ing potential vegetation and its management in 
prehistoric landscapes. The latter issue, which 
is closely related to the question of the begin-
nings of haymaking, appears to be the most 
problematic (Greig, 1983; Hodgson et al., 1999; 
Hejcman et al., 2013; Poschlod, 2015). Defini-
tive identification of hay in archaeological 
contexts is rare and usually concerns features 
dated to the Roman Iron Age and later periods, 
for which there is broad consensus that mown 
meadows were already part of the economy 
across much of Europe (Behre and Jacomet, 
1991; Van Zeist, 1991; Poschlod, 2015). The 
absence of appropriate tools (such as scythes) 
in archaeological records from earlier periods 
is frequently cited as a main argument against 
the development of hay meadows prior to the 
Roman Iron Age (Hejcman et al., 2013). On 
the other hand, some authors suggest that the 
increasing diversity of grassland taxa in both 
archaeobotanical materials and pollen dia-
grams from earlier periods may indicate not 
only the development of pastures but also the 
initial formation of mown (cut) meadows in the 
Bronze Age and Early Iron Age (Greig, 1984, 
1988; Küster, 1988; Speier, 1994). In field sur-
veys, patches of pastures and mown meadows 
are easily distinguishable by differences in veg-
etation structure as well as physical properties 
of soil and ground relief. The problem arises 
when attempting to classify grassland species 
recorded in archaeobotanical samples as rep-
resenting grazed (pastures) versus ungrazed 
(mown meadow) vegetation.

Grazing and mowing exert different pres-
sures on vegetation, promoting or suppress-
ing groups of species with specific functional 
traits. In recent years, several studies have 
attempted to identify the ecological factors 
and competitive mechanisms among grassland 
plants under different management methods, 
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their intensities and exclusion (Augustine 
and McNaughton, 1998; Hodgson et al., 1999; 
Stammel et al., 2003; Poschlod et al., 2005; 
Klimešová et al., 2008; Tälle et al., 2016; 
Bonari et al., 2017; Swacha et al., 2018, 2023; 
Raduła et al., 2022; Reutimann et al., 2023; 
Sonnier et al., 2023). The main aim of these 
studies is to determine which management 
practices would be most effective in prevent-
ing the recent biodiversity loss observed in 
grassland vegetation across different geo-
graphic regions and grassland types. The 
results, based on field observations and anal-
yses of functional traits of particular species 
and species groups – considered fundamental 
factors shaping their resistance and resilience 
under specific pressures – are also highly rel-
evant for interpreting palaeodata. While these 
studies highlight the complexity of ecological 
processes in grasslands and sometimes yield 
conflicting results regarding the impact of 
particular management methods on plant fit-
ness and species composition (Stammel et al., 
2003; Schieltz and Rubenstein, 2016; Tälle 
et al., 2016), they provide strong reasons for 
caution when interpreting archaeobotanical 
finds of grassland taxa without an appropri-
ate context (such as a bundle of hay or animal 
dung/manure). Importantly, several studies 
show that extensive livestock grazing does not 
significantly alter the local flora, maintaining 
species compositions similar to those of mown 
meadows (Pykälä, 2000). Furthermore, it 
should be considered that, at the early stages 
of semi-natural grassland development, a com-
bination of mowing and grazing on the same 
plot was most probably applied. According to 
historical data, such farming systems were 
practiced in Europe up to the 19th century and 
are still maintained in some remote regions 
with traditional agriculture (Biró et al., 2020; 
Sucholas et al., 2022; Janišová et al., 2023).

The long list of taxa originating from grass-
land vegetation around the Polanowo, Grodno 
and Biskupin sites includes several species 
typically found in pastures as unpalatable 
plants due to specific chemical compounds 
(e.g. Mentha spp., Ranunculus spp., Lycopus 
europaeus, Eupatorium cannabinum) or struc-
tural defense traits (e.g. Cirsium spp., Juncus 
spp.). It also includes species tolerant of tram-
pling and other disturbances by grazers, due 
to regeneration traits enabling rapid spread 
over disturbed ground, such as stem-derived 

clonal growth (Agrostis stolonifera, Ranuncu-
lus repens) or tillering (Poa annua). Typical 
pasture species also include rosette and semi-
rosette forms (Plantago media, P. major) or 
prostrate plants (Polygonum aviculare) which 
grow close to the ground and can thus escape 
defoliation by grazers (Stammel et al., 2003). 
However, most taxa in our list are species 
that better develop in present-day tradition-
ally mown meadows (Reutimann et al., 2023) 
and have been documented in various archae-
obotanical records from the Roman Iron Age 
and Medieval period as potential or probable 
remnants of hay (Greig, 1983, 1988; Lodwick, 
2017; Reed, 2024). These are mostly peren-
nial, upright-growing forbs such as Linum 
catharticum, Centaurea scabiosa, Leucanthe-
mum vulgare, Achillea millefolium, Filipen-
dula ulmaria, Lychnis flos-cuculi, Thalictrum 
flavum, Rumex acetosa, Pimpinella saxifraga, 
Leontodon autumnalis, tussock grasses (Des-
champsia caespitosa, Molinia caerulea), and 
plants developing underground storage organs 
(Ranunculus bulbosus, Daucus carota), which 
today grow in meadows across different habi-
tats. It should be emphasized, however, that 
most grassland species are ecological general-
ists and, similar to the present-day situations, 
also in the past certainly occurred not only in 
different grassland communities under graz-
ing and mowing regimes but also as weeds in 
ruderal habitats, among crops, and in fallows. 
Others were components of vegetation in forest 
glades and edges (e.g. Primula veris, Clinopo-
dium vulgare, Origanum vulgare) or in natural 
wetlands (e.g. Lycopus europaeus, Ranunculus 
sceleratus, Caltha palustris), that is, natural 
habitats later transformed by livestock grazing 
and haymaking into semi-natural grasslands. 
Moreover, recent studies suggest that genetic 
and epigenetic variation in populations of 
some grassland species may be partly induced 
by different management-related disturbances 
(e.g. due to mowing and grazing), which may 
explain adaptation to grazing pressure in spe-
cies such as Plantago lanceolata (Gáspár et al., 
2019), Linum catharticum (Pagel et al., 2020), 
Trifolium pratense (Lehmair et al., 2022) and 
others. Therefore, following earlier statements 
by e.g. Behre and Jacomet (1991), the mere 
occurrence of grassland species in archaeobo-
tanical materials without specific context is 
insufficient for reconstructing grassland man-
agement and should not be interpreted without 
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supplementary archaeological information on 
animal husbandry and agricultural tools used 
by local populations.

Already in the Neolithic, grasses, reeds and 
sedges were certainly cut for many purposes 
such as roof thatching, insulation, bedding and 
even elements of clothing, as shown by botani-
cal analyses related to the Iceman Ötzi (found 
in the Alps), who had a cap made of bundles of 
Brachypodium pinnatum, while hay consisting 
of several other grass species was used as insu-
lating material in his shoes (Acs et al., 2005). 
However, the crucial factor in the context of the 
development of hay meadows was the increas-
ing harvest of forbs and grasses for stable litter 
and animal fodder. Although several studies 
based on analyses of animal dung from Neo-
lithic and Bronze Age sites in Europe provide 
firm evidence that tree leaves and twigs were 
the main winter fodder for livestock kept in sta-
bles (Rasmussen, 1989, 1993; Karg, 1998), some 
data also indicate that feeding animals with 
grass hay may have already occurred during 
these periods (Jakobitsch et al., 2023). Collect-
ing grass hay with flint sickles or bare hands 
was certainly inefficient and likely restricted 
to small areas. Such activities would have had 
only limited influence on the formation of new 
plant communities.

In the Late Bronze and Early Iron Ages, 
new methods and tools were implemented in 
land management (Urban, 2019). Traditional 
livestock grazing in forests for most of the year, 
and the acquisition of winter fodder and stable 
litter through tree lopping and peeling, were 
certainly still in practice, as these methods are 
known to have continued into modern times 
(Halstead, 1998; Öllerer et al., 2019). But the 
distinctly rising share of open land and varia-
tion in grassland taxa illustrated by the pollen 
diagrams, as well as the presence of species 
typical for different grassland communities 
in the archaeobotanical samples, allow us to 
assume a variety of land management practices 
in a variety of habitats. Although flint sickles 
were still used by the LUC farmers, the much 
more effective bronze and then iron sickles 
were also known (Gackowski, 2016; Orlicka-
Jasnoch, 2019; Urban, 2019; Gackowski and 
Rosołowski, 2022). The archaeological records 
present various types of these tools from LUC 
sites, including some large iron blades 20–30 cm 
long, which could be used in a similar way to 
the later short-handled scythes (summarized 

by Urban, 2019). Moreover, some flint sick-
les exhibit microscopic damage interpreted 
as traces of the contact with soil due to plant 
cutting close to the ground (Baron and Kufel-
Diakowska, 2013). Therefore, we may expect 
that the sickles used by LUC farmers served 
not only for harvesting cereals, but potentially 
also for collecting hay.

The important arguments for the discussion 
on potential haymaking by the LUC farmers 
come from archaeozoological data. In general, 
remains of animal bones from LUC settlements 
indicate a very low share of game, which means 
that breeding livestock was a  major source of 
meat, while hunting was of minor importance in 
the economy of this culture (Rembisz et al., 2009; 
Gocman, 2020, 2021). Cattle were of primary 
importance, usually followed by sheep/goats 
or pigs in second or third place (Piątkowska-
Małecka, 1999; Gocman, 2021). The archaeo-
zoological data from Grodno (Piątkowska-
Małecka, 1999) and Polanowo (Gręzak, 2010) 
follow the pattern seen at other LUC sites. 
Cattle were mainly kept for meat, but there is 
also evidence for the use of oxen (Rembisz et al., 
2009). The growing number of ceramic sieves 
found in archaeological excavations related to 
this culture (Urban, 2019) seems to indicate 
milk processing. Measurements of livestock 
bones at all sites show that adult animals were 
of low or medium height, which may suggest 
either a shortage of winter food or poor-quality 
fodder (Gręzak, 2010). Ruminants are able to 
extract nutrients effectively from a wide range 
of fodder, including that with high fiber con-
tent, which means that tree leaf and twig fod-
der provided by farmers, or browsing on shrubs 
and tree twigs in winter, could be sufficient to 
meet survival needs during the off-growing sea-
son (Hejcman et al., 2014). In the study area, 
livestock also had access to wetlands, which 
could be grazed in winter (Kulik et al., 2023). It, 
however, remains a question whether such fod-
dering, without supplementary herbaceous hay, 
was sufficient for cattle reproduction, milk pro-
duction, and the good performance of draught 
animals. The share of horse bones varies among 
LUC sites, usually remaining below 10% (Goc-
man, 2020); but, for example, at the Ruda site 
(Rembisz et al., 2009), it reaches up to 19% of 
the total identified bone specimens, ranking sec-
ond after cattle. At this site, most of the horses 
were 6–8 years old when they were slaughtered 
for meat, but some lived up to 15–16 years, 
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which indicates their importance and use for 
purposes other than food. The increasing num-
ber of horse bridle elements found among metal 
hoards at LUC sites in north-central Poland 
(including Grodno) suggests the use of saddle 
horses in the Final Bronze Age in the region 
(Gackowski et al., 2023). According to experi-
ments by Menard et al. (2002), horses eat up 
to 63% more forage than cattle, because they 
are less efficient than ruminants at digesting 
plant material with high fiber content. They 
tend to eat mainly grass, compensating for 
its poor nutritional value with higher intake 
(Duncan et al., 1990). Grass fodder is neces-
sary for horse welfare and long-term survival, 
while tree fodder may be used as a supplement, 
excluding species that are poisonous or harmful 
to equines. Therefore, it is justified to propose 
that grass hay must have been used for horse 
breeding, at least in the later LUC settlements.

Livestock breeding required large amounts 
of fodder. In warm seasons, animals were 
grazed in forests, wetlands, stubble fields 
after harvest, fallows, and on patches of pas-
ture that, according to our data, certainly 
existed around the settlements. The question 
that remains open is how livestock was fed in 
winter. Was the livestock grazed year-round 
outside settlements without any, or with only 
limited supplementary feeding, as suggested 
by Hejcman et al. (2014), or was it kept and 
fed with leaf fodder or hay in settlements for 
at least part of the winter season? Given the 
location of Poland in the temperate continental 
humid zone, the first scenario would be pos-
sible except during prolonged harsh winters, 
which could, however, have occurred during 
the time the settlements in Polanowo, Grodno 
and Biskupin were occupied. A large amount of 
data illustrates abrupt global climate cooling 
~2,800–2,450 years cal. BP, commonly referred 
to as the 2.8 ka event or the Homeric Climate 
Anomaly (e.g. Van Geel et al., 1996; Wanner 
et al., 2011; Martin-Puertas et al., 2012; Gar-
cía et al., 2024), which is also well documented 
in Polish paleolimnological records (Pleskot 
et al., 2018; Tylmann et al., 2024). The climate 
deterioration prompted many forms of socioeco-
nomic adaptation to environmental changes, 
including shifts in agricultural systems (Van 
Geel et al., 2004; Tipping et al., 2008; Turney 
et al., 2016; Madgwick et al., 2023). Therefore, 
this supports the argument for providing fod-
der for livestock housed within settlements in 

the study regions. Some authors also empha-
size that stabling livestock was important as 
a source of manure for fertilizing arable fields 
(Lasota-Moskalewska, 1991). In fact, func-
tional reconstructions of houses in LUC settle-
ments indicate that animals were most likely 
kept in a  dedicated space within the house 
(Biskupin; Dzięgielewski, 2017) or in a  type 
of outbuilding (Ruda; Rembisz, 2011). In turn, 
at Grodno, analyses of phosphorus content in 
soil suggest that animals may have been kept 
in the central part of the settlement (construc-
tion unknown), as indicated by very high lev-
els of this element (Bednarek and Markiewicz, 
2009). There is ample literature on the manur-
ing of fields as early as the Neolithic (Bogaard 
et al., 2013), and later in the Bronze Age and 
Early Iron Age (Nielsen et al., 2019; Hald 
et al., 2024). Unfortunately, there is no direct 
archaeobotanical evidence of field manuring in 
the Late Bronze and Early Iron Age from the 
area of Poland, but such an assumption may 
be drawn from the field weed ecological spec-
tra showing a high representation of nitrophi-
lous species in sub-fossil samples of cultivated 
plants from these periods (Lityńska-Zając, 
2005). Also, analyses of dung and manure 
have not been conducted on archaeological fea-
tures from LUC sites in Poland, and the same 
applies to features that could have served for 
winter fodder storage. Archaeologists describe 
various storage objects and constructions dis-
covered at LUC sites (summarized by Urban, 
2019). The majority were used to store cereal 
grain and other crops, but some features are 
interpreted as likely remnants of haystacks. 
Traces of such constructions are known from 
Biskupin and several other LUC sites (Urban, 
2019) and may be accepted as additional sup-
port for haymaking.

CONCLUSIONS

In contrast to large number of pollen data 
reflecting a  distinct opening of the landscape 
and the development of various types of non-
forest vegetation in areas inhabited by the 
LUC tribes at the transition from the Late 
Bronze Age to the Early Iron Age, data based 
on plant macrofossils focused on vegetation 
surrounding LUC sites remain scarce. The pre-
sent study is the second from Poland (after the 
earlier one from Biskupin; Jaroń, 1938), based 
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on waterlogged remains, revealing a  long list 
of plant taxa (239) from various habitats. The 
development of grasslands and their potential 
management during the late LUC occupation 
were the main subjects of this paper, enabling 
the formulation of the following conclusions:

1 – The broad list of grassland taxa, includ-
ing species characteristic of habitats ranging 
from wetlands to semi-dry and dry ones, indi-
cates that the LUC farmers exploited all avail-
able environments around their settlements.

2 – Gradual thinning of various forest types 
and further use of these grounds for crop culti-
vation and livestock grazing led to the spread 
of forbs and grasses with functional traits ena-
bling their populations to expand under pres-
sure from LUC land use. Our data suggest that 
diverse, semi-natural grassland communities, 
referring to both wet and mesic vegetation – 
now classified as Molinio-Arrhenatheretea, 
semi-dry grasslands (Festuco-Brometea) and 
poor swards (mainly Nardo-Callunetea) – 
began to develop at that time.

3 – The large representation of species typi-
cal of heavily trampled grounds enriched by 
nitrogen compounds indicates a  high level of 
LUC settlers’ activity around both study sites.

4 – Although our data are based on the 
analysis of a relatively low number of samples, 
the qualitative and quantitative richness of 
the subfossil materials partially compensates 
for this limitation. This is supported by the 
distribution of edaphic factors for grassland 
taxa, which illustrates differences in habitat 
conditions between the sites, consistent with 
recent maps of potential vegetation.

5 – The thanatocoenose character of the 
material presented in this study precludes 
reconstructing grassland management meth-
ods used by the LUC farmers solely from 
archaeobotanical evidence. However, combin-
ing data on the occurrence of several species 
common in traditionally mown meadows with 
archaeological findings of metal sickles poten-
tially used for hay cutting and archaeozoologi-
cal data indicating the importance of livestock 
(including horse breeding) in LUC settlements 
justifies the hypothesis of grass hay collecting.

6 – Plant remains filling the vessels from 
Grodno and Polanowo originate from vari-
ous vegetation types and largely resemble the 
botanical contents of cultural layers accumu-
lating in waterlogged settlement sites. How-
ever, the unexpectedly large proportions of 

Chenopodium album seeds and numerous 
seeds of Camelina sativa and Papaver som-
niferum in both vessels from Polanowo allow 
us to suggest that some plant material could 
have been deliberately put in these vessels as 
an element of foundation offerings.

Our study affords new archaeobotani-
cal data important for the knowledge on the 
environmental context of the LUC settle-
ment development in the Early Iron Age, in 
the northern part of Central Poland, and on 
its impact on vegetation. It also highlights 
the importance of careful analysis of botani-
cal contents of vessels found at archaeological 
sites, not only when the presence of large seeds 
and fruits is recognized by the naked eye. The 
use of plants in magical contexts across differ-
ent ancient cultures and regions is a fascinat-
ing subject that can be studied by combining 
archaeobotany and archaeology. This study 
also offers insights into the early history of 
European semi-natural grasslands from a geo-
graphic region still poor in such evidence.
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