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Abstract Prehistoric agriculture and vegetation in

Lithuania have so far been reconstructed largely using

palynological data. This paper reports the archaeobotanical

investigation of macroremains from the Late Bronze-early

Iron Age (LBA–EIA) lakeside settlement Luokesa 1 (L1)

in eastern Lithuania, with the aim of elucidating the set-

tlement’s history and crop diversity. The single phase

settlement was fortified with an onshore palisade and is

dated between 625 and 535 cal. BC. Samples were taken

along a land to lake transect, and in the centre of L1. The

stratigraphy consisted of three distinct layers: lake marl,

cultural deposit and sandy limnic sediment on top. The

plant spectrum shows that L1 was constructed on an

exposed morainic shoal. It was surrounded by woodland,

meadows, fields/gardens, ruderal habitats and riverine

vegetation. Accumulated cultural deposits consisted mainly

of manure (litter, fodder and dung of sheep/goat), with

rubbish, sweepings from the houses or remains of the on-

site vegetation. The crops were Panicum miliaceum,

Triticum spelta, T. dicoccon, Hordeum vulgare s.l., Pisum

sativum and Camelina sativa, the latter being the first

prehistoric evidence in Lithuania. The trophic state of the

lake increased during the occupation period. After the

abandonment of the settlement the ruins decayed until the

lake flooded the site. The results are discussed in a broader

context of the LBA/EIA cultures in northern Central

Europe.

Keywords Archaeobotany � Wetland site � Waterlogged

preservation � Dung of sheep/goat � Camelina sativa �
Animal husbandry � Crops

Introduction

Prehistoric lakeside settlements are well known from many

parts of Europe, dating from the Neolithic to the early Iron

Age (Menotti 2004; Pranck _enait _e 2011; Menotti and

O’Sullivan 2013). The construction of buildings and plat-

forms at wetland sites is not restricted to a single archae-

ological culture, but is a diachronic phenomenon in the

context of hinterland and dry land occupation and as an

adaptation to wet conditions at rivers, lakes, the coast or

bogs (Ebersbach 2013).

There are typological differences between wetland set-

tlements of the Late Bronze-early Iron Age (LBA–EIA) in

Europe (Menotti 2004; Menotti and O’Sullivan 2013;

Pranck _enait _e 2014). In Britain settlements were constructed

on artificial islands (crannogs) or on free-standing wood piles

(Henderson 1998; Dixon 2004). In northern Central Europe,

as in Poland, other artificial structures (scaffolding plat-

forms) are known, as from Orzysz or Mołtajny; furthermore,

other types of settlements enclose fortified areas of different

sizes as at Boguszewo, Grodno, Sobiejuchy or Biskupin

(Harding et al. 2004; Pydyn and Gackowski 2011). In Es-

tonia only a few wetland settlements are known so far and

often the type of construction is still unclear (Kriiska and

Roio 2011). In Latvia no wetland sites dated to the LBA–EIA

have been found until now (Loze 2011). Wooden houses,

with or without raised floors on piles are very well known
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from southern Central Europe, as in Switzerland or southern

Germany (e.g. Kimmig 1992; Gollnisch-Moos 1999).

Due to waterlogged conditions, the preservation of

organic material in the cultural deposits of these wetland

sites is exceptionally good, providing a great opportunity to

study the palaeoenvironment, economy and everyday life

of the inhabitants (Jacomet 2013). During decades of

research the methodology for sampling, processing and

analysing of waterlogged cultural deposits by means of

plant macroremains has been refined and adapted to the

exceptional conditions (Jacomet 1985; Hosch and Zibulski

2003; Jacomet and Brombacher 2005; Vandorpe and Ja-

comet 2007; Tolar et al. 2010; Maier and Harwath 2011).

State of research in Lithuania in the context of northern

Central Europe

Archaeobotanical research has been carried out for decades

in northern Central Europe. Archaeobotanical research in

Lithuania covers the time span from the Neolithic up to

modern times, but is—in comparison to other parts of Central

Europe—still in a pioneer phase (Antanaitis-Jacobs et al.

2002), focussing on sites with mineral soils of the Middle

Ages and more recent periods, for example the prosperous

times of Vilnius lower castle and Klaip _eda old town

(Stančikait _e et al. 2008, 2012; Masiulien _e 2009; Kisielien _e

et al. 2012). Archaeobotanical data on prehistoric wetland

sites in Lithuania are published from the Neolithic sites of

Žemaitišk _e (near Lake Kretuonas) and Šventoji (Antanaitis-

Jacobs et al. 2002; Antanaitis-Jacobs and Stančikait _e 2004;

Stančikait _e et al. 2004, 2009; Rimantien _e 2005; Girininkas

2008), the LBA–EIA sites of Turlojišk _e (Antanaitis-Jacobs

et al. 2004) and Lake Luokesa (Motuzaite Matuzevičiūt _e
2007) and from the Iron Age ‘‘foot settlement’’ of the Juo-

donys hillfort, now a dry-land site (Daugnora et al. 2004).

The closest wetland sites of the LBA–EIA in the neigh-

bouring countries are those of northern and central Poland

(Pydyn and Gackowski 2011), where archaeobotanical and

pollen analyses have been carried out (e.g. Harding et al.

2004; Haas and Wahlmüller 2010; Latałowa and Pińska

2010; Pydyn and Gackowski 2011).

Today the reconstruction of Lithuania’s agriculture in the

transitional period from LBA to EIA is mainly based on pal-

ynological data and also includes data from the other Baltic

states (Antanaitis-Jacobs and Stančikait _e 2004). These are

supplemented by results such as those of plant macro remain

research, ancient field typology, implements interpreted as

agricultural tools, or imprints in ceramics known from Scan-

dinavia and Estonia (Lang 2007; Merkevičius and Nemick-

ien_e 2011). Based on these data, the agriculture in northern

Central Europe at the time of the occupation of Luokesa 1 (L1)

can be described as follows:

Towards the transition from the LBA to EIA (about

600–400 BC), the agricultural practices changed and per-

manent fields were established (Gaigalas 2004; Lang

2007). Human impact on the environment increased, indi-

cated by higher percentages of cereal pollen and by other

indicators of open landscape (Antanaitis-Jacobs and

Stančikait _e 2004; Stančikait _e et al. 2004; Wacnik 2009;

Haas and Wahlmüller 2010; Bogucki 2013). Because of the

large amount of micro-charcoal in palynological samples

and layers of charcoal particles underneath the clearance

cairns of fossil fields, slash and burn probably took place in

this period (Gaigalas 2004; Lang 2007). Furthermore, Lang

(2007) suggests for Estonia that cultivated fields were left

fallow after a few years, and new fields were established

elsewhere, and fields were probably fertilised.

The crops in northern Central Europe at that time were

mainly Hordeum vulgare (barley) followed by Triticum

monococcum/dicoccon/spelta (hulled wheats), Panicum

miliaceum (broomcorn millet) and T. aestivum/durum/tur-

gidum (naked wheats), less abundant were Avena sativa

(oat) and Secale cereale (rye). The pulses were Pisum

sativum (pea), Lens culinaris (lentil) and Vicia faba (horse

bean). The oil plants were Linum usitatissimum, Camelina

sativa (gold-of-pleasure), Spergula arvensis (corn spurrey),

Papaver somniferum (opium poppy) (Wasylikowa et al.

1991; Poska et al. 1999; Lang 2007; Karg 2012; Stika and

Heiss 2012).

Study area

Lake Luokesa (Luokesai ežeras) is located in the lake

district of eastern Lithuania in the Baltic Highlands

(Fig. 1), which was formed during the last Ice Age

(Motuzaite Matuzevičiūt _e 2008; Guobyt _e and Satkūnas

2011; Pranck _enait _e 2014). The area is characterised

today by undulating moraines and many lakes (Menotti

et al. 2005), most of which are connected by small

channels or flowing groundwater (Kunskas 2005). The

soils to the east of Lake Luokesa are mainly arenosols,

gleyic podzols and eutic histosols, while in the west al-

beluvisols, various luvisols and gleyic cambiosols can be

found, which are more suitable for agriculture (Soil Atlas

of Europe 2005).

Today, Lake Luokesa lies in the northern temperate

zone with a continental, semi-humid climate (Lauer and

Frankenberg 1988). L1 was occupied in the transition from

the chronozone Subboreal to Subatlantic based on absolute

radiocarbon dating, similarly the pollen spectrum places

the occupation period in the early Subatlantic (Damušyt _e

2011; Heitz-Weniger 2014). At about 750 cal. BC one of the

most distinct warming periods in eastern Central Europe

began, followed by a cooling period at about 550 cal. BC
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(Gaigalas 2004; Sillasoo et al. 2009). Therefore, L1 was

occupied towards the end of a warmer period.

The natural vegetation today is mainly woodland on the

highlands and swamps in the lowlands. In general, Picea

and mixed woods dominate on till areas; in contrast Pinus

prevails on sandy ground. Along the streams, rivers or

lakes riverine vegetation covers the slopes of the moraines.

The lower areas are wetter, and the depressions are covered

by peat bogs (Menotti et al. 2005; Soil Atlas of Europe

2005; Tupčiauskait _e 2012).

The site L1

Lake Luokesa (N 55�12.370, E 025�25.0000, 144 m a.s.l.) is

about 2.4 km wide and 0.8 km long and has a maximum

depth of 47 m (Menotti et al. 2005). Two archaeological

sites on Lake Luokesa, L1 and L2, were discovered during

an underwater archaeological survey in 2000/2001 (Fig. 2;

Baubonis et al. 2001; Baubonis et al. 2002; Pranck _enait _e

2014). No archaeobotanical analyses have been carried out

on L2 so far. L1 is dated between 625 and 535 cal. BC by

dendrochronology and wiggle matching, and lasted for at

least 16, but probably not more than 20 years (Bleicher

2014). The single phase lakeside settlement was built on a

morainic shoal and fortified with a double fenced, onshore

palisade. House plans cannot be reconstructed so far. The

central part of L1 covers about 900 m2 (ca. 20 9 30 m),

while the area which is enclosed by the palisade is about

1,800 m2 (ca. 40 9 60 m) (Pranck _enait _e 2012). The set-

tlement belongs to the Brushed Pottery Culture on the basis

of the archaeological finds (Brazaitis 2005; Pranck _enait _e

2012, 2014).

The data presented here are used to draw conclusions on

the type of construction of the settlement, the formation of

the cultural deposits and the palaeoenvironment and

economy; only part of a larger archaeobotanical investi-

gation on macroremains of the lakeshore settlement L1 is

given here, the remaining data will be the subject of other

papers which are in preparation. The results are discussed

within a broader context by comparison with archaeobo-

tanical results from northern Central Europe and taking the

role of Camelina sativa especially into account.

Material and methods

Sampling and processing of the samples

In 2008/2009 in total 25 profile columns, 57 surface sam-

ples and 63 judgment samples/hand collected finds were

collected from L1 by archaeological divers. The sampling

strategy was adapted to underwater excavation conditions

and very loose sediment using the normal methods for

wetland sites in the circum-alpine region (Jones 1991; Ja-

comet and Brombacher 2005; Maier and Harwath 2011;

Jacomet 2013). Systematic surface samples, judgment

samples and sediment cores were collected directly from

the 8 m2 excavation area. To obtain sediment cores, 11 cm

diameter tubes were driven into the lake sediment at the

beginning and were left there until the end of the excava-

tion in order not to disturb the archaeological record by

removing them. Additional sediment cores were taken from

a larger area in the centre of L1 and from a lake-land-

transect (Fig. 3) and removed subsequently. The profile

columns were covered with a fine meshed netting to

Fig. 1 A, Location of Lake Luokesa (Luokesai ežeras) in northern

Europe; B, Map of Lithuania with lakes, wetlands and rivers (grey).

Lake Luokesa is indicated by a star. The inserted map shows Lake

Luokesa with the site L1 (star); the coordinates of Lake Luokesa are

N 55�12.37’, E 025�25.000’, 144 m a.s.l. (map by E. Pranck _enait _e,

modified by K. Ismail-Meyer and B. Pollmann)
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prevent the accumulation of floating material in the col-

umns. Once on land, the sediment cores were drained,

sealed and transferred to IPAS at Basel, Switzerland.

After opening the columns in the laboratory, the surface of

the sediment was cleaned and the stratigraphy was described

by geoarchaeologists (Ismail-Meyer 2014). Nine profiles

(centre and transect) were chosen for archaeobotanical

investigations (LALU 2, 4, 13, 15 and 101 to 105; Fig. 3) The

dissection of the sediment cores followed the method

described by Jacomet (1985) and Jacomet et al. (1989).

Additionally, four surface samples were investigated.

The further processing was the same for both the profile

samples and surface samples. The samples were wet sieved

with 2, 0.5 and 0.25 mm mesh sizes using the wash-over

method (Kenward et al. 1980, modified by others, e.g.

Hosch and Zibulski 2003; Kabailien _e 2006; Vandorpe and

Jacomet 2007; Tolar et al. 2010). Pieces of very dense

sediment were left intact. If dung remains and artefacts

were recognised by eye during semi-flotation they were

sampled separately.

Analyses of botanical macroremains

The samples were finally sorted using a Leica/Wild

Heerbrugg stereo microscope with a 5 to 509 magnifica-

tion; for identification a magnification up to 1009 was

used. Very rich samples were subsampled. Counting units

were defined (Vandorpe and Jacomet 2007), for example

for the quantification of chaff and grains; in the latter case

only testa fragments with (parts of) hilum were counted. All

countable remains like seeds, fruits, chaff, seed, pods/sili-

quae or others were fully quantified. The abundance of other

remains like charcoal, wood fragments, twigs, roots/rhi-

zomes, leaves, mosses or bark was semi-quantitatively

estimated after Bullock et al. (1985). Identifications were

made using the reference seed collection of IPAS and iden-

tification literature (e.g. Jacomet et al. 1989; Maier 2004;

Cappers et al. 2006; Birks 2007). The nomenclature of sci-

entific plant names follows Flora Helvetica (Lauber et al.

2012) or, for taxa not included there, the Lithuanian flora

(Vilkonis 2008). The affiliation of the taxa into ecological

groups follows Brombacher and Jacomet (1997), which is

based on ecological indicator values by Ellenberg (1991).

Radiocarbon dating

In total 12 organic remains from four of the investigated

profiles were AMS 14C dated by the Laboratory of the

Eidgenössische Technische Hochschule (ETH) Zürich,

Switzerland (for more details see Heitz-Weniger 2014,

Table 2).

Results

In total, 117 samples from nine profiles, four surface

samples and 16 hand-collected finds were analysed (ESM

1). About 30,000 macroremains from more than 190 taxa

Fig. 2 Aerial photo of Lake Luokesa, Mol _etai district (view from southwest to northeast) with the archaeological sites L1 and L2 (photo

provided by E. Pranck _enait _e)
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were recorded and evaluated quantitatively. More than

90% of the remains were preserved in a waterlogged state.

The preservation of organic matter was excellent, but

subject to fluctuations.

The stratigraphy of the lakeshore settlement L1 includes

three different types of deposits: lake marl at the bottom,

the cultural deposits of L1 in the middle and sandy limnic

sediment on top. The taxa spectra and the composition of

the samples differ considerably between the three types of

deposits, as described below (Fig. 4). The stratigraphy is

described, mainly based on profile LALU 15, because it is

the most representative one for the whole stratigraphy, is

located in the centre of the lakeshore settlement with a

more than 60 cm thick cultural deposit and is composed of

all three layers (ESM 2, 3).

The lowermost part of the stratigraphy: the lake marl

The 14C dates show that the lake marl built up at least from

4075 ± 105 cal. BC onwards (82.5%, bark, ETH-42984),

until it was covered by the cultural deposits dated

660 ± 140 cal. BC (95.4%, hazelnut, ETH-42980, for

complete data set see Heitz-Weniger 2014, Table 2). The

greyish lake marl consisted of various layers separated by

thin layers of mollusc remains. The concentration of

macroremains was low, about 300 remains/l in profile

LALU 15, fraction 2 and 0.5 mm (ESM 2). The sediment

contained mainly small water molluscs and a few insect

remains, particularly caddis fly larval cases (Trichoptera),

Bryozoa statoblasts, egg cocoons of Piscicola geometra

(fish leech), a few particles of charcoal and bark, conifer-

ous needles and some diaspores, including oospores of

Characeae. The plant spectrum was dominated by wind or

water-distributed remains of the on-shore vegetation, such

as fruits of Betula pendula/pubescens (birch), needles of

Pinus sylvestris (pine) and Picea abies (spruce), or water

plants such as Characeae and Najas marina, N. intermedia

(naiads) (Table 1, ESM 2). Some of the limnic indicators

such as N. marina and N. intermedia have ecological

requirements typically for oligotrophic to mesotrophic and

rather calm water (Ellenberg 1991).

The interface from the lake marl to the cultural deposits

was quite sharp, indicated by two different sediment col-

ours visible by naked eye (Fig. 4), even though a slight

mixing was observed for example as glumes of Panicum

miliaceum appeared in the upper part of the lake marl and

the lower parts of the cultural deposits were characterized

by a few water molluscs, Bryozoa statoblasts and oogonia

of Characeae (ESM 3).

The cultural deposits

The 14C dates of the cultural deposits obtained from

macroremains correspond to the dates achieved by the

wiggle matching and dendrochronology of 625–535 cal. BC

(Bleicher 2014). They show that the cultural deposits are

Fig. 3 Aerial photo of L1, excavation grid (red grid) with excavation areas of 2008 and 2009 (orange and green squares), the places where

archaeobotanical samples were taken, land-lake transect (blue line), positions of sediment cores (blue circles with cross) and wooden piles

(yellow dots)
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contemporary with the piles of the settlement (for details,

Bleicher 2014; Heitz-Weniger 2014). In general, the closer

to the centre of L1, the thicker were the cultural deposits.

In the most distant profiles of the transect (cores LALU 101

and 105, Fig. 3), only lake marl and sandy lake sediment

were found. The cultural deposits were between a few cm

and up to more than 60 cm thick, and rich in macroremains

(about 8,000 remains/l, 2 and 0.5 mm fraction, LALU 15,

ESM 2). The lowest layer of the cultural deposit, repre-

senting the early phase of house construction, contained

more and larger fragments of charcoal, bark and wood

chips, often laid horizontally, than were found in the layers

above. Overall, the cultural deposit consisted mainly of

wood chips, bark, charcoal, stems, chaff and fruits/seeds of

wild and cultivated plants (ESM 3). Less frequent but still

abundant were fragments of leaves/needles/fronds, buds/

bud scales and catkin scales, clearly recognisable dung of

sheep/goat and fly pupae. All samples were penetrated by

rhizomes and adventitious roots of Phragmites australis

(reed). In a few samples other unidentified lignified roots or

aggregations of rootlets were also found. More than 90% of

the organic remains were in a waterlogged condition; in

some samples from various profiles the amount of car-

bonised or partially carbonised items increased up to ca.

15% (LALU 15-17 or 15-22 or LALU 13-09).

Based on absolute numbers, the plant spectrum is

dominated by remains of crops, which belong to six taxa:

Panicum miliaceum, Triticum spelta, T. dicoccon, Horde-

um vulgare (multi-rowed), Camelina sativa and Pisum

sativum (Table 1). The prevalent taxa in the cultural

deposits were P. miliaceum (ubiquity of 91%) and C. sativa

(ubiquity of 88%), hulled wheat (ubiquity of 81%) and

Triticum dicoccon (ubiquity of 79%) (Table 2). Different

types of remains were found either in waterlogged, par-

tially carbonised or carbonised preservation such as chaff

(spikelet fork, glume base, glume, rachis, rachilla), testa/

caryopses, seeds and siliquae (Table 3). The amount of

chaff of cereals and Camelina was clearly more than the

number of caryopses/seeds. For example in profile LALU

15 (ESM 2) the ratio is about 8:1 for larger seeded cereals

except Panicum, about 16:1 for Panicum (ratio of glumes

with base to testa/hilum of the caryopsis) and about 4:1 for

Camelina siliquae and seeds.

The spectrum of wild plants includes more than 180 taxa

that could be assigned to eight different ecological and use

groups (Fig. 5). The weed spectrum of L1 includes 23 taxa

and 91% of the taxa are weeds of summer cereals/root

crops or ruderal plants (for example Arenaria serpyllifolia,

Chenopodium album, Polygonum persicaria or Sonchus

arvensis), while 9% are weeds of winter cereals (Fallopia

convolvulus).

Less frequent are edible wild plants such as Fragaria sp.

(strawberry), Rubus idaeus (raspberry), R. fruticosus agg.

(blackberry), R. saxatilis (stone bramble) and Corylus

avellana (hazelnut). Other plants might also have been

used for human consumption or medical purposes like

Hypericum perforatum (common St. John’s wort), Tilia

cordata (lime), Frangula alnus (buckthorn) or Urtica

dioica (nettle). Tilia and Urtica have also the potential to

provide raw material for textile production.

The frequency of meadow plants represented is

remarkable, for example shown by the broad spectrum of

various Trifolium sp. (clover) remains such as petals,

calyces, fruits and, in some cases, calyces with unripe fruits

or by Centaurea scabiosa s.l. (greater knapweed) with

seeds, bracts or even whole flower heads.

Riverine plants (e.g. Filipendula ulmaria) and water

plants (e.g. Trapa natans) were present in the cultural

deposits, but not very abundant (Table 1). The remains of

T. natans were highly fragmented. In contrast to the lake

Fig. 4 Sediment cores LALU 02, 04, 13, 15 and 101 to 105. 1, the deposits of lake marl; 2, cultural deposits; 3, sandy limnic sediment are

marked
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marl below, the cultural deposits contained water plants

indicative of meso- or eutrophic water (e.g. Nuphar lutea;

Table 1).

Overall there was an increasing amount of decay of the

organic material such as wood chips and chaff which was

recognisable from the middle to the top of the cultural

deposits.

The lake sediment on top of the cultural layer

The lake sediment on top of the cultural deposits was

sandier than the lake marl below and did not have a clear

stratigraphy, but contained relocated material from the

cultural layer. The influence of the lake on the sediment is

indicated by seeds/fruits of water plants, oogonia of

Characeae and statoblasts of Bryozoa. The seeds/fruits of

water plants (e.g. Najas sp., Nymphaea sp.) or fresh water

marshes (e.g. Schoenoplectus lacustris) were more frequent

in the sandy cover than in the cultural deposit and indicate

meso-/eutrophic water (e.g. Nuphar lutea; Table 1).

Additionally fresh water sponges and Dreissena polymor-

pha (zebra mussel), a neozoon, were found in the upper

part (ESM 3). Therefore, the sandy limnic cover is a dis-

turbed layer containing remains from the LBA–EIA

deposits together with more modern material.

Throughout the whole stratigraphy, rhizomes and

adventitious roots of Phragmites australis were found

(ubiquity 100%) and especially an in situ record of a reed

plant in profile LALU 101 proved that reeds grew there at

later times (14C dated between cal. AD 1660 and 1960,

95,4%, ETH-42988).

Discussion

Since the samples were taken along a transect from land to

lake through the centre of the settlement and from the

centre itself, they are considered as being representative of

the different types of deposits, lake marl, cultural deposits

and sandy limnic cover. On the basis of the investigated

samples and the number of identified macroremains it is

therefore possible to draw conclusions about the compo-

sition of the deposits and the origins of the various types of

material, the environment and the crop plants. Even if the

proportion of the taxa might not be representative of the

whole settlement and if intra-site patterns cannot be eval-

uated by this method, the results are still important for

Table 2 Ubiquity of crops in L1, based on all sediment samples

(profile and surface samples)

Lake

marl (%)

Cult.

layer (%)

Covering limnic

sediment (%)

Camelina (sativa) 88 45

Cerealia 93 20

Hordeum vulgare 65 15

Panicum miliaceum 3 91 30

Triticum dicoccon 79 50

Triticum spelta 70 25

Hulled wheat 81 35

Fabaceae (cultivated) 58 25

Pisum sativum 35 10

Table 1 Water plants found in L1 in the three types of deposits: lake

marl, cultural deposits, sandy limnic cover (counted number of

remains and ubiquity), the ecological requirements of the water plants

are different according to the trophic state: white = oligo- to

mesotrophic conditions, grey = meso- to eutrophic conditions

(Ellenberg 1991)
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Table 3 Crop plants found in L1, based on all sediment samples (profile and surface samples). The preservation state, counts and ubiquity are

listed; (part) carb = (partially) carbonised; waterl = waterlogged
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knowledge of prehistoric agriculture in Lithuania. In terms

of preservation, number of taxa and the overall composi-

tion of samples, the material from L1 is similar to sedi-

ments found in lakeside settlements of other regions

(Jacomet 2013).

Where was the settlement built: on land or in the water?

Prehistoric wetland settlements show various types of

construction (Menotti 2012; Menotti and O’Sullivan 2013).

There were houses built on piles in the water, as well as

houses erected on exposed morainic shoals or on artificial

islands (Menotti and O’Sullivan 2013). For L1 the first

geoarchaeological analysis argues that L1 was constructed

‘‘either on the lake bed in the water, or that piles were

driven through a swampy land surface’’ (Lewis 2007),

which was contradicted by Motuzaite Matuzevičiūt _e

(2008) who proposed construction on land. Based on plant

macroremains, I argue that the buildings were erected on

the exposed morainic shoal, because there is a clear sepa-

ration between lake marl and cultural deposits in terms of

colour of the sediment and the distribution of plant taxa and

other types of material, such as fish remains, charcoal and

stones. Just a little intermixture between the sediments was

observed, which is much more likely to have been the

result of trampling than of water action (Ismail-Meyer and

Rentzel 2004). Typical seeds/fruits of water plants and

wind-distributed plants, which indicate precipitation of

these on to sediments covered with water, dominate in the

lake marl, whereas the percentage of these remains is much

reduced in the cultural deposits. The composition of the

cultural deposits clearly indicates residues of human

activities and their livestock, and not the ‘‘peaty layer’’

proposed by Lewis (2007). There are no indicators for

dominating on-site riverine vegetation during this time.

The results of the micromorphological and palynological

data confirm this assumption (Heitz-Weniger 2014; Ismail-

Meyer 2014). Summarizing, L1 was built on an exposed

morainic shoal, and can be called a lakeshore settlement.

The cultural deposits at L1 compared to other wetland

sites and LBA-EIA cultures in northern Central Europe

The characteristic composition of the lowermost layer,

consisting of horizontally layered bark, charcoal and wood

chips, has also been found at other lakeshore settlements

(Ismail-Meyer and Rentzel 2004). The significance of this

material is unclear, and two options are discussed. The

remains either originate from working the timber used for
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Fig. 5 Proportion of ecological and use groups based on absolute

number of remains in L1. Abbreviations: ‘water’ = water plant
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erecting the buildings, and/or they served as insulation

against moisture from below (Gollnisch-Moos 1999).

The cultural deposits of L1 were for the most part a

mixture of livestock bedding material (undigested), fodder,

and dung of sheep/goat (Hall and Kenward 1998), and this

is subsequently called (stable) manure. The high ratio of

chaff to grains/seeds supports this interpretation. In fact,

dung remains of sheep/goat that included undigested chaff/

testa remains and seeds/fruits of wild plants were found

together with fly pupae and other remains that can be

interpreted as bedding material and/or as fodder. The dis-

tinction between bedding and fodder is not always easy

(Kühn and Wick 2010). Among all the types of material,

the fragmented cereal testa found in the samples as well as

in dung remains, together with seeds of Camelina sativa

may hint at the presence of (undigested) animal fodder.

The C. sativa seeds have a high nutritional value because

of their oil content, and chaff of C. sativa was used for

animal fodder in historical times (Körber-Grohne 1994).

Wood chips, bark and probably also the remains of leaves

and fronds were most probably part of the bedding, pos-

sibly also chaff and threshing remains of C. sativa.

Of special interest are the meadow plants, which, in

general, could have been introduced by the animals

themselves after grazing outside the settlement, or brought

in as hay by the humans. Since in L1 they include very well

preserved flower heads of Centaurea scabiosa, other As-

teraceae, Trifolium sp. calyces (in part with fruits inside)

and flowers, there is no evidence for their passage through

the stomach and intestine of ruminants. Thus the meadow

plants hint at the use of hay. Although humans brought the

fodder/bedding into L1, I argue that sheep/goats also

grazed outside the site, as indicated by various diaspores of

berries, acorns and hazelnuts in the dung and manure, a

scenario supported by the palynological analysis of the

dung (Heitz-Weniger 2014).

The presence of droppings of sheep/goat is very com-

mon in prehistoric lakeside settlements in Poland (e.g.

Mołtajny) to the northern circum-alpine region (e.g. Kühn

et al. 2013; Polcyn 1995; Pydyn and Gackowski 2011;

Rasmussen 1993). However, the percentages of faeces and

manure in cultural layers are difficult to estimate, for if the

preservation is bad, the droppings are (almost) dissolved,

and other special identification criteria including insect

remains (Hall and Kenward 1998) were not considered and

coprophilous spores were not investigated. Apart from the

stable manure, the cultural deposits included in small

quantities sweepings/dirt from the houses/herds and rub-

bish, represented by archaeological finds (Pranck _enait _e
2012), and on-site vegetation. We are clearly just at the

beginning of the process of understanding the circum-

stances and the kind of deposition of organic material in

cultural layers at lakeside settlements (Haas et al. 2007).

Wild and cultivated plants

The spectrum of wild plants found in L1 is comparable to

those from other Central European lakeside settlements,

even those of other regions and periods, for example in

Poland or the northern Alpine foreland (e.g. Brombacher

and Jacomet 1997; Maier 2001; Jacomet 2008; Kroll 2010),

and is composed of plants from woodlands, woodland

edges, meadows, ruderal sites and riverine vegetation,

while water plants represent the local vegetation. Since

riverine and water plants (e.g. Filipendula ulmaria and

Trapa natans) occur in a restricted number and are

mechanically destroyed, it can be assumed that either they

were eaten by animals and got into the deposits with the

dung or, as water plants are concentrated mainly in the

middle part of the profiles, they might indicate a flooding

event. For lack of evidence the origin of these plants

remains unclear. However, extensive and/or frequent

flooding during the whole occupation period can be

excluded, as archaeobotanical and also palynological and

micromorphological analyses show (Ismail-Meyer 2014;

Heitz-Weniger 2014).

Remains of wild fruits such as Corylus avellana, Fra-

garia sp., Rubus idaeus and Malus sp. (apples) have been

found in many prehistoric sites in northern Central Europe,

and they are usually interpreted as wild fruits which were

collected for human consumption (Wasylikowa et al. 1991;

Antanaitis-Jacobs et al. 2004). In L1, even a broken pot

with collected hazelnuts is part of the archaeological record

(Baubonis et al. 2006). Nevertheless, except hazelnuts,

which clearly were collected, all other wild edible plants

most probably might have been eaten by the animals and

then ended up as dung in the cultural deposits of L1.

The crops of L1, the cereals Triticum spelta, T. dicoc-

con, Hordeum vulgare, Panicum miliaceum and the legume

Pisum sativum, were common in a large geographical area

in the LBA and IA throughout the whole of Central Europe

including the Baltic (e.g. Wasylikowa et al. 1991; Jacomet

et al 1998, 1999; Schmidl et al. 2007; Kreuz and Schäfer

2008; Grabowski 2011; Stika and Heiss 2012).

The only oil plant found so far in L1 is Camelina sativa.

This is interesting, since differences in the use of either C.

sativa or Linum usitatissimum can be observed within the

geographical area considered here. C. sativa is present in

the archaeobotanical record from the Neolithic onwards in

southern Central Europe (Zohary et al. 2012), but due to its

restricted number and mixture with Linum seeds, it is

interpreted as weed (Jacomet et al. 1989; Larsson 2013). In

southern/middle Central Europe the first evidence for the

use of C. sativa as an oil plant comes from the LBA, with

increasing importance in the Roman IA (Jacquat 1988,

1989; Kreuz 2004; Stika and Heiss 2012). A similar tem-

poral pattern is observed in northern Germany, Poland and
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southern Scandinavia. From the LBA onwards, C. sativa is

present more frequently and was additionally found in

assemblages of charred seeds and in vessels, which indi-

cates its cultivation and consumption (Tomczyńska and

Wasylikowa 1988; Körber Grohne 1994; Latałowa and

Pińska 2010; Grabowski 2011; Karg 2012; Stika and Heiss

2012; Larsson 2013). For Latvia, the archaeobotanical

evidence is dated back to about 2,000 years ago (Rasiņš

and Taurina 1983; Sillasoo et al. 2009).

A different pattern is observed for Linum usitatissimum,

which has been cultivated in the southern/middle part of

Central Europe from the time of the Linearbandkeramik

Culture in the 6th millennium cal. BC onwards and which

appears frequently and with high ubiquity in Neolithic and

Bronze Age lake settlements in the northern Alpine fore-

land (Buurman and Pals 1974; Jacomet 2007; Kohler-

Schneider 2007; Kreuz 2007; Karg 2012). In Poland and

northern Germany, Linum also occurs from the Neolithic

onwards. Interestingly in Poland in some BA sites like

Bruszczewo II, Linum is absent, despite excellent (water-

logged) preservation conditions and detailed archaeobo-

tanical investigation; in Denmark Linum occurs for the first

time in the EBA (1800–1100 cal. BC) (Wasylikowa et al.

1991; Runge and Henriksen 2007; Kroll 2010; Stika and

Heiss 2012). The introduction of L. usitatissimum into

southern Scandinavia is dated to the LBA (Grabowski

2011; Karg 2012; Larsson 2013). At least from the Roman

IA onwards it was used there for textile production (Gra-

bowski 2011; Karg 2012; Larsson 2013). Henriksen (2009)

suggests that L. usitatissimum was introduced to Scandi-

navia slightly later than Camelina sativa. For the eastern

Baltic the earliest evidence comes from Estonia and is

dated much later, to the 6th century cal. AD (Moora 1957;

Kriiska et al. 2005). The earliest evidence of L. usitatissi-

mum was found in Lithuania even later, in historical times

in the 13th/15th century cal. AD (Stančikait _e et al. 2008)

and by pollen dated to the 15th/17th century (Kondratien _e
1998). This is remakable, because Linum could have grown

in Lithuania in the LBA–EIA as climatic data show

(Gaigalas 2004; Damušyt _e 2011). The region of Mol _etai

including Lake Luokesa was especially famous in more

recent historical times for flax cultivation and textile

manufacture (http://muziejus.moletai.lt). It appears that

Linum was used in the eastern Baltic, including Lithuania,

much later than in the western and southern part of

northern Central Europe. So, if the occurrence of C. sativa

in the LBA–EIA and the much later introduction of L.

usitatissimum in the eastern Baltic is not caused by a bias

due to the state of research, it might be related to cultural

preferences and in particular to the different uses. While

Linum could have been used as an oil and/or as a fibre

plant, the use of C. sativa was restricted to the oil-rich

seeds and/or the use of the stems as animal fodder or

insulation (Körber-Grohne 1994; Larsson 2013). It seems

that L1, also from an archaeobotanical point of view,

belongs to the cultural context of eastern Baltic LBA–EIA

cultures, where C. sativa was introduced before Linum.

Subsistence economy and palaeoenvironment

Despite the limited size of the investigated area, some

suggestions about subsistence economy and palaeoenvi-

ronment can be made. Important questions of subsistence

economy concern the methods of arable farming (winter/

summer crops), the processing and storage of crops, what

kind of food supply was used (arable farming, livestock

husbandry, fishing, hunting, gathering) and the question

whether the settlement was a producer or a consumer site.

In L1 both weeds of ruderal habitats or summer cereal/

root crops (e.g. Chenopodium album) and typical weeds of

winter cereals (e.g. Fallopia convolvulus) have been

identified. Nevertheless, it is impossible to infer which

cereal was cultivated as a winter or summer crop, because

the weeds are not associated with a single crop in the layer,

as would be the case in storage finds. However, the results

from L1 indicate that arable farming, hay-making and

grassland management were part of the agricultural activ-

ities as well as animal husbandry with pasture, which

corresponds to the general assumption of the opening of the

landscape of the Baltic in the LBA–EIA as observed in

pollen studies (Antanaitis-Jacobs and Stančikait _e 2004;

Lang 2007; Wacnik 2009; Haas and Wahlmüller 2010).

Pollen data from L1 let us conclude that agriculture

intensified during the transitional period from the LBA to

the EIA but had started before the settlement was estab-

lished (Heitz-Weniger 2014). Considering the fact that a

settlement like L1 with its intricate structure and subsis-

tence economy cannot emerge ex nihilo and the climatic

change with warmer temperature and decrease of water

levels had started already about 750 cal. BC (Gaigalas 2004;

Sillasoo et al. 2009), it is likely that there were other set-

tlements nearby Lake Luokesa before L1. Due to the dif-

ferent soils in the surroundings and the results from the

more eastern Labanoras region (Soil Atlas of Europe 2005;

Gadamavičius et al. 2011), which show just marginal

human impact, it seems more probable that earlier and

contemporary agricultural activities can be expected in the

west.

The issue of the definition of a producer and consumer

site is still discussed in archaeobotany (e.g. Smith 2001;

Van der Veen and Jones 2006). As for L1, taking together

all available sources of information, it can be argued that

besides arable farming (including fruits/seeds and chaff),

the livestock husbandry of sheep/goats could be proven by

dung. Fishing and hunting (Pranck _enait _e 2012, 2014) and

the collection of fruits/plants like hazelnuts (Baubonis et al.
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2006) were also part of the subsistence of the inhabitants of

L1. Finds of grinding stones, fire-places and a few car-

bonised cereal grains together support the evidence of food

preparation at the site. The economy of L1 was not that of a

pure consumer site, but it remains unclear if a surplus was

produced or not. The spectrum of activities and the plant

taxa spectrum suggest both, producing and consuming,

similar to lakeside settlements of other periods and regions

(e.g. Jacomet et al. 2004; Jacomet 2007).

The settlers of L1 probably had a noticeable impact on

the nearby environment; since flocks grazed in the woods

and surroundings of the settlement, fern was brought into

the settlement from the woods, wood was cut, and mead-

ows for hay-making and arable fields must have been close

by. This assumption is supported by palynological data that

show a great impact of human influenced habitats and the

analyses of four dung remains confirm that the animals had

eaten various plants probably outside L1 (Heitz-Weniger

2014).

L1 belongs to the Brushed Pottery Culture or its local

variant (Pranck _enait _e 2012, 2014) and the archaeobotany

results in this paper and pollen data (Heitz-Weniger 2014)

are in agreement with other results from northern Central

Europe (Henriksen 2009; Grabowski 2011; Karg 2012;

Larsson 2013), while differences to southern Central

Europe can be observed in the choice of oil plants. In

contrast, the use of habitats in the surroundings of L1 and

the composition of the cultural deposits of L1 are compa-

rable to the rest of the Baltic region as well as to the

lakeshore settlements in the northern Alpine foreland, with

high dynamics in settlement strategies (e.g. Bleicher 2009;

Ebersbach 2010a, b, 2013), even if the archaeologically

defined cultures of the settlements were different. This

indicates that the form of subsistence, use of the environ-

ment and the site formation processes were similar over a

large part of Europe, but that local or regional habits

influenced the choice of crops, even if the climate would

have allowed other preferences, such as the cultivation of

Linum instead of Camelina in Luokesa 1. This shows once

more that the so called ‘‘lake-dwelling phenomenon’’ was

not an expression of an autonomous culture, and lakeshore

settlements occurred diachronically in different archaeo-

logical cultures, but were related to the archaeological

cultures in the same regions (Pranck _enait _e 2012; Ebersbach

2013).

The end of the lakeside settlement L1

It remains unclear what exactly was the reason for the

abandonment of L1. However, traces of fire in the

archaeologically investigated area (Pranck _enait _e 2012) and

layers of (partially) carbonised organic material on top of

the cultural deposits suggest that there was a fire. Maybe

that was the reason for the abandonment, but to be sure,

further analyses would have to be carried out to investigate

the extent of the fire. Traces of decay on wood and of other

organic remains indicate that the site was then exposed to

air and it rotted before it was covered with water again

(Pollmann, accepted). The aquatic plants in the sandy

sediment layer above the cultural deposits including

Characeae, Najas marina, N. intermedia, Nuphar lutea, or

lakeshore zone vegetation such as Schoenoplectus lacus-

tris, represent the environments after the end of L1, when it

was flooded again. The plants indicate that the water was

more eutrophic than before the occupation period. This

could have been directly caused by the presence of the

settlement and therefore by pollution of the water with

more nitrate/phosphate and other nutrients (Wegmüller

1976; Jacomet 1985; Rösch 1985; Brombacher and Jaco-

met 1997; Haas and Wahlmüller 2010). Future evaluation

of the complete dataset from L1 will allow a deeper insight

into site formation, taphonomy, human impact on the

environment, animal husbandry and the construction of the

buildings of this fascinating lake shore settlement.

Conclusions

Archaeobotanical analyses at L1 contribute to the

archaeobotanical research data set in Lithuania and to the

general understanding of the functioning of lakeshore set-

tlements in Europe. Currently, L1 is the archaeobotanically

best investigated site of the LBA–EIA in Lithuania.

After the last Ice Age, lake marl accumulated on the

submerged site of L1 in oligo- to mesotrophic conditions.

The morainic shoal was exposed when L1 was constructed.

The occupation period of L1 is represented in the profiles

by a thick cultural deposit, which to a major part consisted

of manure, to a minor part of dirt/sweepings, rubbish and

remains of on-site vegetation. Small ruminants were kept

within the settlement and fed with hay, oil-rich seeds/cereal

grains/chaff and they also grazed outside the settlement as

the spectrum of plants from the surrounding habitats on dry

land shows. The spectrum of crops indicates the cultivation

of cereals, pulses and the oil plant Camelina sativa near L1,

as at other sites in northern Central Europe. The spectrum

of activities and plants suggests production and consump-

tion, similar to other lakeside settlements, but it remains

unclear whether a surplus was produced or not.

C. sativa was found for the first time in prehistoric

Lithuania and it can be clearly interpreted as a crop as early

as the LBA–EIA. Because remains of stable manure

dominated in the samples and no crop storage was found

within the excavated area, more detailed insights into the

modes and techniques of crop cultivation and processing

await further investigations in order to evaluate spatial
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analysis and intra-site pattern. Aquatic plants indicate a

change to a more eutrophic state from the occupation

period of L1 onwards.

The reason for the settlement’s end remains unclear, but

charred and partially charred plant remains, wooden

structures and archaeological artefacts (Pranck _enait _e 2012)

indicate that a there had been a fire, destroying at least a

part of L1 at the end of the occupation time. The central

(archaeologically investigated) part of L1 was not rebuilt,

but decay started before the site was flooded by the lake

water and reed established on the site.
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(ed) Lietuvos istorija. Akmens amžius, Baltos lankos, Vilnius,
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Zürichsee. Ackerbau, Sammelwirtschaft und Umwelt von neo-

litischen und bronzezeitlichen Seeufersiedlungen im Raum
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Untersuchungen zu den Jahrhunderten um Christi Geburt in

Hessen und Mainfranken. Ber RGK 85:97–292

Kreuz A (2007) Archaeobotanical perspectives on the beginning of

agriculture north of the Alps. In: Colledge S, Conolly J (eds) The

origins and spread of domestic plants in southwest Asia and

Europe. Left Coast Press, Walnut Creek, pp 259–294
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Lewis H, Motuzaite G, Pranck _enait _e E (2005) The first lake-

dwellers of Lithuania: Late Bronze Age pile settlements on Lake

Luokesas. Oxford J Archaeol 24:381–403
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Rösch M (1985) Die Pflanzenreste der neolithischen Ufersiedlung von

Hornstaad-Hörnle I am westlichen Bodensee. (Berichte zu Ufer-
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