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Abstract We present the results of a plant macroremain

study of the late Neolithic lakeshore settlement Stare

gmajne (SG) at Ljubljansko barje, Slovenia, with cultural

horizons that ended around 3330 and 3110 cal. B.C., as

obtained by dendrochronological and radiocarbon dating of

the most frequent construction timbers of Quercus sp. (oak)

and Fraxinus sp. (ash). Fourteen systematically taken

samples were investigated, using standard methods for

studying waterlogged plant remains, which had been

developed during lake dwelling research north of the Alps.

Most of the remains were preserved in a waterlogged state,

and we identified a total of 93 taxa. The most important

cultivated plants were Triticum dicoccum (emmer), Hord-

eum vulgare (six-rowed naked barley), T. monococcum

(einkorn), Linum usitatissimum (flax) and Papaver som-

niferum (opium poppy). The numerous possibly gathered

plants also included Trapa natans (water chestnut)

and Vitis vinifera ssp. sylvestris (wild grapevine).

Chenopodium album (goosefoot) and Brassica rapa

(turnip) with seeds/fruits rich in oil and starch were probably

gathered as well. Comparisons of the Stare gmajne results

with contemporary north Alpine sites (NA) showed, among

other things, that Triticum durum/turgidum (tetraploid

naked wheat), frequent at NA, was not found at SG. Trapa

natans (water chestnut) was rare and Vitis (grapevine) was

not found at NA. The observed differences in the wild plant

spectra may have ecological causes, for example a warmer

climate south of the Alps, but differences in cultivar spectra

are more likely for cultural-historical reasons.

Keywords Plant macroremains � Late Neolithic �
Ljubljansko barje � Slovenia � Waterlogged preservation

Introduction

Pile dwellings existed in various parts of Europe during the

Neolithic period (Menotti 2004), and their number is

especially high in the circum-Alpine region (Fig. 1a).

Because of their importance, many of them have been

nominated for entry in the UNESCO list of world cultural

heritage sites, including the Slovenian ones (Suter and

Schlichtherle 2009). Archaeological excavations and

interdisciplinary investigations, supported by systematic

archaeobotanical studies have been conducted on lake

dwelling sites in Switzerland, Germany and France since

the 1980s (for example Jacomet 2006a, 2009). In contrast,

similar studies using comparable methods have been rare in

regions south of the Alps, including Slovenia. A compila-

tion of the state of the art in northern Italy was recently

published by Rottoli and Castiglioni (2009).

Approximately 40 Neolithic and Bronze Age pile

dwelling sites (from ca. 4600–1700 cal. B.C.) have been
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recorded at Ljubljansko barje, Slovenia (Fig. 1). Some of

these have been investigated in the last 130 years (Veluš-

ček 2004). Archaeological excavations were often accom-

panied by archaeobotanical studies (Jeraj et al. 2009), but

the recovery techniques used were not in agreement with

those used north of the Alps (Hosch and Zibulski 2003;

Jacomet et al. 2004). Tolar et al. (2010) showed that too

rough washing, inadequate sieve mesh sizes and drying of

the fractions after sieving resulted in taxa represented by

fragile parts not being recorded, and that taxa with tough

lignified diaspores were overrepresented. The same study

also suggested a procedure that would ensure representa-

tive results, which would be useful for comparisons with

other studies. The lack of standardization of archaeobo-

tanical methodologies has been among the main obstacles

to reliable comparisons of plant economies of prehistoric

settlements both north and south of the Alps.

Furthermore, the archaeological sites in Slovenia have

not been exactly dated until recently, in contrast to most of

the corresponding sites north of the Alps. Recent intro-

duction of dendrochronology and radiocarbon wiggle-

matching have now provided more exact dating than

previously of eight pile dwelling settlements at Ljubljansko

barje, with end dates from 3547 to 3071 cal. B.C. (Čufar

et al. 2010). Culturally, they belong to the late Neolithic

(Jacomet 2007), in Slovenian terminology corresponding to

Fig. 1 Maps with positions of

a Ljubljansko barje, Slovenia

and other archaeobotanically

investigated European pile

dwelling sites (dots) around the

Alps, dated 3500–3000 cal.

B.C. The location at which the

Alpine Iceman Ötzi was found

(star) is also shown;

b Ljubljansko barje shown as a

white area, with the Stare

gmajne site and locations of

other known contemporary

Neolithic pile dwellings dated

3500–3000 cal. B.C. The

stratigraphical position of the

elevated terrain in m a.s.l. is

indicated in grey
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the Eneolithic or Copper Age, when copper metallurgy

played a crucial role in society (Velušček 2004, 2009).

Unfortunately, no archaeobotanical investigations have

been carried out there or, if they have been, the recovery

techniques were not adequate to obtain reliable data to

compare them with sites north of the Alps.

One of the dated pile dwellings is Stare gmajne

(Fig. 1b). It was settled in two periods. According to

radiocarbon dating the activities at the earlier dwelling

ended around 3300 B.C. (3332 cal. B.C.) and at the later one

around 3100 B.C. (3109 cal. B.C., Čufar et al. 2009, 2010).

Between the two phases, a major settlement gap was

recorded at Ljubljansko barje.

The settlement was located at the edge of the floodplain

of Ljubljansko barje, which was a lake at the time of

occupation. Its immediate vicinity was rich in various

habitats. The settlement was likely to have been located on

the marshy, temporarily flooded terrain, but the dwellers

also had access to the lake. Only about 700 m southwest of

the site, the first slopes of the Dinaric Karst started. They

are nowadays covered by extensive woods of Abies alba

(silver fir) and Fagus sylvatica (beech), and they were

probably also covered by widespread woodland in Neo-

lithic times, as indicated by pollen analyses (Šercelj 1996).

The period from around 3500 to 3000 cal. B.C. was also

characterized by intensive occupation in the entire circum-

Alpine region (Stöckli 2009). One of the best parallels to

the older phase of Stare gmajne is the settlement of Arbon

Bleiche 3 at Lake Constance (Bodensee), which was

recently investigated as part of a large interdisciplinary

project (Jacomet et al. 2004). The settlement at Stare

gmajne also corresponds to the time of the Alpine Iceman

(Ötzi), who died between 3320 and 3050 cal. B.C.

(Kutschera and Müller 2003). Archaeobotanical research

conducted on the plant material recovered from the

Iceman’s body and from the settlements that existed during

his lifetime have helped us greatly to learn more about the

plant economy at the time of his life (Dickson et al. 2009;

Oeggl 2009; Heiss and Oeggl 2009; Jacomet 2009).

The first objective of this study was to identify plant

remains from two settlement phases of the Stare gmajne

lake dwelling and to evaluate the role of various plant taxa

in its economy. The main objective, however, was to

compare the obtained results with those from contemporary

sites in other parts of the Alpine area. In addition, we

discuss some general questions of Neolithic circum-Alpine

sites concerning the introduction of cultivars to various

parts of Europe.

The investigation area

The excavations at Stare gmajne (ca. 100 9 300 m) were

performed in 2002, 2004, 2006 and 2007 in 13 drainage

ditches. During the excavations, a total of 932 pieces of

wood (mainly piles) were collected. Dendrochronological

and radiocarbon wiggle-matching enabled us to date the

building activities on the site (Čufar et al. 2009; Čufar et al.

2010). Based on the locations of the piles and other

archaeological artefacts, it could be reconstructed that two

areas had been occupied, one in the western and one in the

eastern part of the investigated area (Fig. 2a). The area in

between (ditches 7–11) contained no wood or other

artefacts.

The western part (ditches 12, 13, Fig. 2a) had been

settled in two periods: there was an earlier settlement of

short duration, ca. 20 years, which ended around 3330 cal.

B.C. (end date of the youngest tree-ring 3332 ± 10 cal.

B.C.), and a later settlement, which ended around 3110 (end

date of the youngest tree-ring 3109 ± 14 cal. B.C.). In the

later phase, the eastern part of the area (ditches 1–6) was

also occupied, in addition to the western part; several

building phases were recorded there, indicating that the site

was occupied for ca. 50 years. Here, 3109 cal. B.C. is the

end date of the latest dated tree ring, but the occupation

probably continued for some years after that date.

Materials and methods

In 2007, a trench was dug to collect material for archaeo-

botanical investigations, in which we detected two cultural

layers (Fig. 2a, b). Based on dendrochronological dating

(Čufar et al. 2009), we assumed that the lower one corre-

sponded to the earlier and the upper one to the later set-

tlement, in the western part of the area (see Fig. 2c).

For sampling, the trench was divided into 15 quadrants

(Q). Three quadrants, Q1, Q9 and Q13, were randomly

selected for horizontal sampling (Fig. 2b). Vertical sam-

pling was made along five depth-cuts (depth-cuts 4, 5, 6, 7

and 8) (Fig. 2c). The depth-cuts 8 and 7 were attributed to

the earlier settlement, which ended around 3330 cal.

B.C. and the depth-cuts 5 and 4 correspond to the later

settlement with an end date around 3110 cal. B.C. The

depth-cut 6 was located in between and could not be

exactly ascribed to either of the settlement phases.

For archaeobotanical investigations, sediment samples

of up to 1 l were taken systematically from three quadrants

and from the early, intermediate and late cultural layers.

Altogether, 14 samples with a total volume of ca. 9 l were

analysed (for details, see Table 1 in supplementary

material).

Examination of the material

The samples were washed over and sieved as proposed for

waterlogged sediments by Hosch and Zibulski (2003). In
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addition, the clayey and compacted sediment was first

frozen and then thawed to make washing easier (Vandorpe

and Jacomet 2007). The sediment was washed using sieves

with 2 and 0.355 mm mesh sizes at the Institute for Pre-

history and Archaeological Science (IPAS), Basel, Swit-

zerland. The collected fractions from the sieves were stored

in water and at low temperatures in a refrigerator to prevent

desiccation or decay and, consequently, their deformation

or destruction.

Prior to analysis, systematic, random sub-sampling of

the large (2 mm) and especially the small (0.355 mm)

fraction was necessary, because the samples were very rich

in macro-remains. According to Van der Veen and Fieller

(1982), our aim was to count 384 identifiable plant

remains. Since in waterlogged sites the spectra of the taxa

vary greatly, this number was aimed for in each of the

fractions (Hosch and Jacomet 2001). This allowed us to

reconstruct the right proportions of the most important taxa

with a probability of 95 ± 5%. For counting, we had to

define the types of remains that counted as one piece (see

Table 1).

We first examined 90 ml of the large and 25 ml of the

small fractions. The subsamples, especially the large frac-

tion, were then enlarged to obtain the reliable minimal

number of items. When there were more than 384 plant

remains in the examined volume, examination of the sub-

sample was concluded. In some of the large fraction

samples, all the material had to be analysed (see Table 1 in

supplementary material). The volumes of the examined

subsamples are shown in Tables 1 and 2 in supplementary

material.

Very small botanical fragments, where less than one

quarter of the seed, fruit or grain was found and the plant

remains were smaller than 0.3 mm, were not counted. We

assessed the abundance of the plant remains in the fol-

lowing categories: not found, single find, small amount,

abundant, very abundant. We also noted the presence of

animal remains (see Table 1 in supplementary material).

Fig. 2 Stare gmajne. a the site (current situation) crossed by 13

drainage ditches (lines). The hatched area to the west indicates the

location of the early settlement, which ended around 3330 B.C. (dura-

tion ca. 20 years). The location was resettled after ca. 170 years,

when the area to the east, shown in grey was also settled; the duration

of the later settlement was ca. 50 years and ended after 3110 cal.

B.C. The trench excavated in 2007 for archaeobotanical investigations

is located in the western part. b The trench with quadrants (horizontal
samples); sampling was carried out in quadrants 1, 9 and 13 (grey).

c The vertical stratigraphy of the trench with cultural layers of two

distinct settlement phases: early phase (depth-cuts 7 and 8) and later

phase (depth-cuts 4 and 5). Depth-cut 6 indicates an intermediate

layer

Table 1 Types of plant remains (SFC) that were counted as a single piece

Type of plant remain (‘‘counted unit’’) Taxa

Whole seed/fruit and grain All taxa

Grain fragments with embryo end Cerealia

Glume base Hulled Triticum sp.

Rachis fragment Hordeum vulgare

Fragments of seed/fruit with the tip e.g. Cladium mariscus

Fragments [1/4 of a seed Maloideae

Fragments [1/4 of the pericarp Quercus sp., Fagus sylvatica, Maloideae

Fragments [3 mm of a seed/fruit Viscum album

The base of the seed/fruit Quercus sp., Corylus avellana, Malus sp., Trapa natans

Capsule fragments [3 mm or capsule fragments with a tip Linum usitatissimum
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A Leica MZ75 stereomicroscope with 6.3–50 magnifi-

cations was used for examining and sorting. For identifi-

cation we used the reference collection of IPAS, Basel, as

well as special literature (Berggren 1969, 1981; Anderberg

1994; Cappers et al. 2006; Jacomet 2006b). In order to

facilitate interpretation, the identified taxa were divided

into groups, first of all based on their actual use and sec-

ondly based on their ecology. The nomenclature of plant

names follows Zohary and Hopf (2000) for crop plants,

Binz and Heitz (1990) for wild plants, supplemented by

Martinčič et al. (1999).

Results

Amounts of plant remains and their concentrations

All recognizable plant remains from all quadrants and

layers are listed in Table 1 in supplementary material. The

entire archaeobotanical record includes 93 plant taxa,

mostly identified to species level.

Representative results in accordance with Van der Veen

and Fieller (1982) were obtained for the small fractions in

all quadrants and in most layers. The large fractions were

representative only in the depth cut 8 of quadrant 1 and in

the depth cuts 6 and 7 of quadrant 9. Representative

numbers could have been achieved if the sample size had

been increased to 3 l, as recommended for well preserved

waterlogged layers (Hosch and Zibulski 2003; Jacomet and

Brombacher 2005).

The concentrations of plant remains are shown in

Table 2. They varied with layers and were highest in the

lowest (earliest) layer, and averaged 7,560 remains/l. They

decreased to the uppermost and latest layer, where they

amounted to an average of 1,572 l-1 of sediment. The

concentrations also varied horizontally. In the later and

intermediate layers they proved to be richest in the

easternmost quadrant 9. Within the early layer, the con-

centrations were rather high in all quadrants, although

slightly different.

Cultivars

The cereals, Triticum dicoccum (emmer) and Hordeum

vulgare (6-rowed naked barley) showed the highest con-

centrations, whereas T. monococcum (einkorn) was less

frequent (Table 3). Cereals were mostly represented by

chaff remains such as rachis fragments, glume bases and

spikelet forks, but grains were rare (see Table 2 in sup-

plementary material). Papaver somniferum (poppy) and

Linum usitatissimum (flax) had the highest concentrations

among the oil and fibre plants. However, high concentra-

tions of Papaver could be ascribed to its numerous small

seeds and these do not necessarily mean that it was the

most important in the diet (see Table 3). The least frequent

were remains of pulses, and we found only two whole and

one fragment of Pisum sativum (pea) in the examined

samples (Table 1 in supplementary material).

A detailed list, with the numbers of plant remains,

separately for grains, chaff, and other remains, with their

state of preservation (carbonized, semi-carbonized, non-

carbonized = waterlogged) is given in Table 2 in supple-

mentary material. The cereal grains and peas were mostly

preserved in a carbonized state and all other remains

mostly or only in waterlogged state.

Gathered plants

Wild plants with edible seeds and fruits

We identified 16 presumably gathered plant taxa (Table 3).

The oil/starch rich seeds of Chenopodium album (goose-

foot) and Brassica rapa (turnip) were the most abundant in

terms of concentrations. Shell fragments of fruits of

Table 2 Volumes of the sediment, examined fractions and total number of identified plant remains, seeds, fruits, chaff, capsule and pericarp

fragments in the large and small fractions, and their concentrations per litre of sediment for different depth-cuts and layers

Depth-cuts/layers Sediment vol. (ml) Volume of organic fractions (ml) n plant remains Sum Average (conc./l)

2 mm 0.355 mm

4 1,200 95 57 434 491 1,240

5 2,000 325 295 797 1,092 1,903

Later layer (total) 3,200 420 352 1,231 1,583 1,572

6 = intermediate layer 2,200 250 421 1,666 2,087 4,729

7 1,900 410 941 1,984 2,925 9,094

8 1,350 420 607 1,123 1,730 6,027

Early layer (total) 3,250 830 1,548 3,107 4,655 7,560

Total 8,650 1,500 2,299 5,392 7,691

Depth-cuts 4 and 5 = later layer, end date ca. 3110 cal. B.C.; depth-cut 6 = intermediate; depth-cuts 7 and 8 = earlier layer, end date ca. 3330

cal. B.C., for all three sampled quadrants
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Quercus sp. (acorns), Corylus avellana (hazelnut) and

Trapa natans (water chestnut), which are also calorific,

were found in considerable numbers as well (Table 3).

They were mainly represented in the lower, earlier layers.

Among juicy fruits and berries, Maloideae (wild apples/

pears), Fragaria vesca (strawberries), Rubus fruticosus

(blackberries) and Physalis alkekengi (bladder cherries)

were most abundant. In total, ten taxa were found which

can be considered to have been part of the diet (Tables 3

and 1 in supplementary material). In addition, we can

assume that other wild plants may also have been used for

purposes such as for spices or medicinal plants, although

such uses cannot be directly proven (Table 4; Maier 2001).

Examples of such possibly useful plants could be Viscum

album (mistletoe), Agrimonia eupatoria (common agri-

mony), Anagallis sp. (scarlet pimpernel), Hypericum per-

foratum (St. Johns wort), Mentha sp. (mint), Solanum

nigrum (black nightshade) and Thymus sp. (thyme)

(Table 1 in supplementary material). Of the latter group,

not only the diaspores but also other plant parts were used.

Wild plants with other useful parts

In addition, we found parts of the fruiting bodies of various

fungi and many fragments of mosses (Table 1 in

supplementary material). The remains of a sort of fabric were

found, too, and one larger piece of well-processed yarn.

Wild plants for construction purposes and fuel: wood

Wood deserves special attention. It was extensively used

and was certainly a very important raw material. It was

used to build houses, as well as various constructions and

objects such as palisades, boats, wheels and carts, various

tools and their handles, weapons such as bows, spears,

arrows, kitchen utensils and for many other purposes (see

Stotzer et al. 1976; Tolar and Zupančič 2009; Velušček

et al. 2009a, b). Large amounts of wood were presumably

also used for fuel, as in other comparable sites where

charcoal remains were investigated (Dufraisse 2006, 2008).

At Stare gmajne the wood consisted mainly of the remains

of the vertical piles on which the houses were built. The

upper parts of the constructions were not preserved and

other wooden artefacts were very rare.

Quercus sp. (oak) and Fraxinus sp. (ash) were most

frequently used for piles. Less often used were Populus sp.

(poplar), Salix sp. (willow), Alnus glutinosa (alder), Fagus

sylvatica (beech), Acer sp. (maple), Corylus avellana

(hazelnut), Carpinus betulus (hornbeam) and Abies alba

(silver fir). The selection and proportion of the woody taxa

found in trench 2007 (Fig. 3a) slightly differs from those

found in the larger excavated area (Fig. 3b). This is pos-

sibly due to the low and less representative number of

wood samples in the trench (37 samples) compared to the

total collection of samples (932 samples).

Wild plants according to ecological groups

The 71 taxa of wild plants were attributed to 6 larger

ecological groups (in line with Behre and Jacomet 1991,

see also Brombacher and Jacomet 1997). We considered

only those taxa that could be assigned to one of the groups

based on firm assumptions.

Water plants, plants of lake shore (reeds) and wetlands

Plants growing in the immediate proximity of the site or

even at the site itself are represented by 28 taxa, which is

39% of all wild plant taxa found at the site (Fig. 4). Water

plants are represented by eight taxa (11%). The most fre-

quent taxa, Characeae and Ranunculus aquatilis, show

their highest values in the lower part of the stratigraphy,

whereas Sparganium sp. becomes much more common in

the uppermost part of the cultural layer (Table 4).

Plants of the lake shore, and especially of reed beds, are

represented by 20 taxa (28%) and are the most diverse

group within the spectrum of Stare gmajne. By far the

highest numbers are diaspores of Oenanthe aquatica, a

Table 3 Average plant concentrations of the most important edible

taxa at Stare gmajne for the early, intermediate and later phase/layer

The term ‘‘seed’’ includes all types of diaspores when not specified.

The preservation state of most of the remains is waterlogged (details in

Table 1 in supplementary material)
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Table 4 Average

concentrations of water and

lakeshore/wetland plants, of the

most important taxa of

woodland, clearings and

woodland edges and of the most

important taxa of segetal and

ruderal plants found at Stare

gmajne for three phases/layers:

early (ca. 3330 cal. B.C.),

transitional, late (ca. 3110 cal.

B.C.)

The plants that have been

assigned to the group of

gathered ones are marked with

‘‘X’’ (cf. Table 3). Rare taxa are

mentioned separately. For

details, see Table 1 in

supplementary material. The

proportions of the plant groups

are shown in Fig. 4
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plant which mostly grows in eutrophic, quiet, flat water and

tolerates occasional drying (Oberdorfer 2001). A similar

environment is also typical of Mentha arvensis/aquatica

(probably M. aquatica), the fruits of which occur in very

large amounts. Cyperus fuscus is also worth mentioning as

a pioneer plant on occasionally drying places, and it is

present in by far the highest numbers in the lowest layer.

Most of the Carex fruits, found regularly but for the most

part not unambiguously identifiable to species level,

probably belong to the group of lake shore plants (see

Table 1 in supplementary material).

Plants of woodlands, clearings and wood edges

A considerable proportion (34%), 24 taxa, come from

woodland habitats (Fig. 4). Most of the taxa assigned to

clearings and woodland edges could also grow in wood-

land. Most taxa from these places represent plants that

were probably gathered and have already been mentioned

in the section ‘‘gathered plants’’. Most of them can be also

found in the present-day woodland southwest of Ljubl-

jansko barje, which mostly consists of extensive Dinaric

silver fir-beech woods (Šercelj 1996).

Plants of anthropogenic open habitats: field weeds, ruderal

plants and plants of grassland

The field weeds and ruderals are well represented, with 16

taxa (23%, Fig. 4). They form the second largest group of

wild plants found at Stare gmajne. We put these taxa into a

single group because most of them can grow on all of the

mentioned habitats. The majority of the taxa are nowadays

typical of summer crops or gardens, such as Chenopodium

album, or ruderal places. Typical winter annuals were not

found. The highest concentrations within this group are

shown by Chenopodium album and Brassica rapa, which

were probably collected. The concentrations varied with

the investigated layers (see Table 4).

The Apiaceae (Conium/Seseli) and Thymus sp. records

could possibly be attributed to grassland. Furthermore,

Agrimonia eupatoria and Hypericum perforatum might

also have grown there, although they mainly belong to

woodland edge communities. Remains of grassland plants

are therefore rare at Stare gmajne (Fig. 4; Table 1 in sup-

plementary material).

Other finds

We also found many coprolites, both whole and fragments,

from goat/sheep, cattle and small mammals (Table 1 in

supplementary material). They have not yet been analysed

in detail. In addition to botanical material, we also found

many fish scales, bones and teeth, which mostly belonged

to Esox (pike) of the Cyprinidae family (Table 1 in sup-

plementary material) (identified by Heide Hüster-Plog-

mann from IPAS, Basel University). These finds should

also be examined in detail in the future.

Fig. 3 Wood taxa used for constructions (piles) of Stare gmajne

collected in: a trench of 2007 (37 samples). b in the entire site

(ditches and trench, 932 samples)

Fig. 4 Proportions of ecological groups, based on 71 taxa. Only wild

plants are included
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Discussion

Although the size of the excavated trench and the amounts

of the investigated material were rather small, it was pos-

sible to obtain some information on the presence versus

absence of the most important cultivated and wild taxa,

although perhaps not entirely representative. It is therefore

possible to compare the results from a lake dwelling site in

Slovenia with contemporary waterlogged sites north of the

Alps. In the following sections, we mainly discuss culti-

vated and possibly gathered plants because of their great

importance for human food and because they are consid-

ered to be properly represented.

Differences in concentrations of plant remains

The concentrations of plant remains in the earlier cultural

layer of Stare gmajne indicated that the archaeological

layers are very well preserved. The values correspond to

those of contemporary sites north of the Alps; at Arbon

Bleiche 3, for instance, 7,000 to 9,000 macro-remains per

litre of sediment were found (Hosch and Jacomet 2004). In

contrast, the later layer in Stare gmajne was less rich, with

an average of 1,572 counted macro-remains per litre of

sediment material.

The differences in the concentrations could have various

reasons. Richer plant spectra in the early and intermediate

layers with 7,560 counted macro-remains, for example,

might occur due to a different intensity of human activity at

the location of the trench in different periods. Dendro-

chronological investigations indicated that most of the piles

were from the earlier phase of the settlement, which ended

around 3330 cal. B.C. (Čufar et al. 2009). However, some

piles from the later settlement phase were also found,

which ended around 3110 cal. B.C. This indicates that the

area of the trench was inhabited in both periods, but it

might have been in the centre in the early phase and at the

edge or even in a separate part of the settlement during the

later phase (see Fig. 2a).

Ecological conditions around the site

Littoral zone (marshland and water plants)

The settlement was located close to the lake (Fig. 1b). We

assume that many aquatic and littoral plants found in the

cultural layers represent the remains of the natural vege-

tation at and around the site (Tables 4 and 1 in supple-

mentary material).

Plants that probably grew nearby, or even in the settle-

ment are Schoenoplectus lacustris (common clubrush) and

other wetland (marshy) taxa, such as Oenanthe aquatica

(fine-leaved water-dropwort), Cladium mariscus (great

fen-sedge) and Mentha sp., probably M. aquatica (water

mint) (Tables 4 and 1 in supplementary material). Their

remains had been deposited at least partially naturally,

which supports the assumption that the settlement was

located on marshy ground. Aquatic plants probably became

entangled in the maze of piles during flooding (Turk and

Horvat 2009), which also suggests that the settlement was

very close to the lake.

The finds of Cyperus fuscus (brown galingale) in the

earlier layer are interesting. This plant is very typical of

periodically dry lake shores. It has also often been found at

sites north of the Alps, just at the transition from natural

sediment, mostly lake marl, to the cultural layer (Jacomet

1985). Geoarchaeological (micromorphological) studies of

other lake shore settlements have also revealed that a

lowering of lake levels was observed before settlement

activities began, as at Arbon (Ismail-Meyer and Rentzel

2004). This might also have happened at Stare gmajne

(Turk and Horvat 2009).

In the intermediate layer, a massive increase of

Oenanthe aquatica is evident (Table 4). This could indi-

cate that the conditions at the settlement had changed,

maybe due to reduced human activities there; for sedi-

mentological analysis of the settlement surroundings, see

Turk and Horvat (2009).

The remains of fish such as Esox (pike) and water plants

like Trapa natans indicate the considerable importance of

the lake for the economy. In addition, fishing and hunting

of birds that live in wet environments have been proven by

analyses at other pile dwellings on Ljubljansko barje

(Janžekovič and Malez 2004; Velušček et al. 2004) and

evidence was also found at Stare gmajne, but has not been

investigated in detail so far (Velušček and co-workers,

unpublished).

Many other seeds/fruits of aquatic and marshland plants

found in the samples could also have been deposited in the

cultural layer due to human activity, for instance by the use

of reeds for roofing houses. What proportion of these plants

was brought to the layer by human action and which were

deposited naturally is hard to say. The remains of two

dugout boats that were found at the dwelling from the later

settlement phase also show that the people used lake

resources (Velušček et al. 2009a, b).

Environment and its use around the site, outside the lake

From the wood spectra, we can assume that there must

have been floodplain sites near the settlement where tree

taxa such as Alnus, Salix, Quercus (robur), Fraxinus and

Populus grew. Outside of the floodplain, on the slopes of

the Dinaric mountains, woody taxa such as Quercus (pet-

raea), Fagus, Acer, Carpinus, Abies and Corylus could

have grown (Figs. 1b, 3).
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For the piles, the settlers most probably preferred

Quercus which has durable heartwood. In addition they

used large quantities of Fraxinus which was presumably

very abundant near the settlement. The largest part of the

wood for the piles—at least half of it—must have origi-

nated from floodplain sites, and only a minor part—less

than 10%—very probably came from the woodland on the

slopes of the Dinaric mountains, which start ca. 700 m

from the dwelling; human activities probably very much

affected them. Based on our data, it is not possible to

reconstruct the exact degree of human impact, but it is

probable that especially the nearby woodland was used for

cutting trees, for pasturing domestic animals, gathering,

hunting etc. Strong anthropo-zoogenic influence and an

intense use of these areas is indicated by 13 plant taxa

characteristic of woodland clearings and margins in present

day plant communities (see Table 1 in supplementary

material). Seven of them were probably gathered: Fra-

garia, Rubus, Physalis, Cornus, Prunus spinosa (sloe),

Corylus and Crataegus monogyna (hawthorn) (Table 4; see

also the chapter on gathering). But not only edible fruits

and nuts were gathered there, animal fodder and litter with

leaves and branches were also brought to the site. Although

we do not have exact data for animal husbandry and

hunting at Stare gmajne, we can relate it to the results from

slightly earlier nearby sites, Hočevarica and Črešnja pri

Bistri, where the bones of mammals have been investigated

(Toškan and Dirjec 2004; Velušček et al. 2004; Toškan

2008). At these sites, Ovis aries (sheep), Capra hircus

(goat) and Sus domesticus (pig) predominated, whereas Bos

taurus (cattle) were less frequent. Based on analyses of

bones, domesticated animals provided an important source

of meat for human nutrition. However, hunting was

important, too. The most frequent hunted animals were

Cervus elaphus (red deer), Capreolus capreolus (roe deer)

and Sus scrofa (wild boar).

Based on the ecology of the weeds according to eco-

logical indicator values (Ellenberg 1991), the fields must

have been situated on moist to damp soils, possibly with a

neutral pH, rich in nitrogen. Such suitable land for culti-

vation was probably situated on the slightly elevated edges

of the floodplain. Flat plateaus on the hilly terrain may also

have been used to lay out fields, for example, the elevated

plateau at ca. 1 km south of Stare gmajne (Fig. 1b),

because they were naturally protected from flooding. Other

possibilities for fields were on the nearby islands in the

lake, such as the hill Blatna Brezovica (326 m a.s.l.), at a

distance of ca. 1.4 km from Stare gmajne, where the

remains of another pile dwelling, Blatna Brezovica, settled

around 3071 cal. B.C., have been found (Čufar et al. 2010).

It is not possible to ascribe different weeds to different

crops. Therefore we cannot be sure about summer and winter

crops, although summer crop weeds prevailed in the

spectrum and both perennial and annual weeds were recor-

ded. Since we found taxa among the perennials characteristic

of disturbed habitats, the soil preparation was probably

effective (see Bogaard 2002). For the many problems con-

cerning the interpretation of Neolithic weed spectra, we refer

to Hosch and Jacomet (2004) and also Bogaard (2004).

Comparison of the spectra of the economically

important plants with those from other circum-Alpine

sites

In the entire circum-Alpine area there were many settle-

ments in the second half of the 4th millennium B.C. On the

sites at Ljubljansko barje that existed at the same time as

Stare gmajne unfortunately no adequate archaeobotanical

investigations have been carried out (Tolar et al. 2010).

Therefore, we selected 39 late Neolithic waterlogged sites

dated between 3496 and 3000 cal. B.C. for which archae-

obotanical data exist for comparison with Stare gmajne

(Table 4 in supplementary material; Fig. 5). The selected

sites are located in France, Germany and Switzerland

(Fig. 1a; after Jacomet 2006a, 2009; Herbig 2009a).

Cereals

The three cereals found at Stare gmajne, Triticum mono-

coccum, T. dicoccum and Hordeum vulgare, were also the

most important cereals in lake dwellings north of the Alps

(Fig. 5). In addition, they also seem to have been the most

important cereal taxa south of the Alps in northern Italy

(Rottoli and Castiglioni 2009). There is, however, one

striking difference between the cereal spectra from Stare

gmajne and those from the northern Alpine settlements:

Triticum durum/turgidum (tetraploid naked wheat), one of

the most common cultivars north of the Alps, was not found

at Stare gmajne and also seems to have been rare in northern

Italian late Neolithic sites. To our knowledge, T. durum/

turgidum has not yet been found at any of the Slovenian

Neolithic lakeshore settlements. This all confirms the

hypothesis that T. durum/turgidum might have come to

central Europe from the southwest and not from the southeast

via the Balkans (Maier 1996; Jacomet 2007). In contrast, the

great importance of T. dicoccum at Stare gmajne confirms the

hypothesis that the rising importance of emmer during the

late Neolithic in sites north of the Alps could have been

influenced by the cultures to the east (Jacomet 2006a).

The archaeobotanical results from Stare gmajne show

clear hints that processing of cereals was done in the set-

tlement, because cereal chaff and weed seeds were found in

large amounts (Tables 1 and 2 in supplementary material).

This is similar to other lakeshore settlements. Carbonised

grains were under-represented because we did not excavate

any burnt structures.
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Oil and fibre plants

The oil plants Linum usitatissimum and Papaver somnife-

rum also provided important nourishment during the late

Neolithic (Jacomet 2009; Kohler-Schneider and Cannepele

2009; Pieroni 1999). In addition, they may have been used

for other purposes, Linum above all for its fibres, and

Papaver for its medicinal and hallucinogenic properties

(Zohary and Hopf 2000; Merlin 2003). The latter, however,

cannot be proven by archaeobotanical means.

Fig. 5 Presence of crops and gathered plants in selected archaeobo-

tanically investigated sites dated 3500–3000 B.C. in the Alpine region

(compare Table 4 in supplementary material). The scheme has been

compiled based on published numbers (see Table 3 in supplementary

material). The last four columns show gathered plants with a

significant presence in the early layer of Stare gmajne; they are

mainly absent from other sites
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Papaver was found in considerable amounts in the north

Alpine sites from the 2nd half of the 4th millennium cal.

B.C. (Fig. 5; Table 3 in supplementary material). We pre-

sume that the P. somniferum found there is a cultivar, even

if differentiation from the seeds of the wild ancestor

P. setigerum is not clearly possible (Hammer and Fritsch

1977). However, Papaver is missing from Chalcolithic

sites in northern Italy, but probably for taphonomical rea-

sons (Rottoli and Castiglioni 2009). Our finds at Stare

gmajne as well as the somewhat earlier Slovenian finds at

Hočevarica, Ljubljansko barje dated ca. 3500 B.C. (Jeraj

et al. 2009) now show that Papaver was present in the

eastern part of the northern Mediterranean region during

the late Neolithic. However, it remains unclear from where

the Papaver arrived, as the origin of domesticated Papaver

is not yet clear (for a very recent review, see Salavert

2010). We do not have enough data for detailed discussion

here, and comparisons with early Neolithic data are not

possible since the time gap between the early and late

Neolithic is too large.

The remains of Linum found at Stare gmajne are also of

great interest because these are the first flax finds in a Slo-

venian Neolithic site. This is mainly due to the improved

recovery techniques, which did not allow its detection from

former excavations on Ljubljansko barje (Tolar et al. 2010).

The large amounts of Linum usually found in late Neolithic

lakeshore settlements north of the Alps (Jacomet 2006a;

Fig. 5) indicate its great importance for several purposes

(Hosch and Jacomet 2004, for importance for textiles see

Médard 2010). We suppose that it was important during the

late Neolithic in Slovenia as well.

Pulses

Pulses are known as important sources of food, above all

proteins. However, only Pisum sativum appears regularly at

most sites north of the Alps (Jacomet 2009; Table 3 in

supplementary material). Larger numbers of peas were

only preserved there in burnt layers in a carbonised state.

There are, however, also regular finds of uncharred pea

pods and calyces at various lakeside and moorland sites in

Germany as at Hornstaad (Maier 2001) and at Alleshausen-

Hartöschle (Maier 2004). At Stare gmajne, we found only

three pieces of carbonised Pisum seeds, and no water-

logged remains. This is similar to the case of Arbon

Bleiche 3, where only three carbonized peas were found in

a much larger amount, 340 l, of sieved cultural layer

material (Hosch and Jacomet 2004). Since mostly small

amounts of Pisum have been detected at different lakeside

settlements, we can suppose that peas might have been of

minor importance. On the other hand it is possible that pea

remains were simply not preserved due to unknown taph-

onomic reasons (Jacomet 2006a, 2009).

Gathering

The list of wild plants probably used for human food,

according to ethnographic literature (Ertug-Yaras 1997), is

similar to that at other lakeshore settlements where gath-

ered taxa were quantified (Fig. 5). Some hypothetical

modelling allows the supposition that at Arbon Bleiche 3,

for example, at least a third of the calories were provided

by gathered plants. We assume that the great quantity of

collected plants found at Stare gmajne indicates that

gathering was very important there, too.

In terms of fruits containing starch and oil that could be

used as staple foods, the most important gathered taxa at

Stare gmajne were Quercus (acorns), Corylus avellana and

Trapa natans. The latter are very calorific and can also be

ground to flour. Acorns and hazelnuts have also been found

in large amounts in other circum-Alpine prehistoric sites

(Table 4 in supplementary material, Fig. 5; for the impor-

tance of acorns as a staple food see Karg and Haas 1996).

Quercus robur could have been collected on the floodplain

adjacent to the lake, Q. petraea from the slopes beyond,

and Corylus from thinner woodland, woodland edges or

clearings outside the swampy lake area.

The water plant Trapa natans is of special interest since

it is not found everywhere in such large amounts. Trapa

finds are more restricted to small and especially shallow

meso- to eutrophic lakes which become warm in summer.

Therefore, water chestnut was for instance common in the

Federsee region during the whole Holocene until the Bronze

Age (Karg 2006), but it has also often been found in various

Neolithic sites of southeast Europe (Borojevič 2009). Fed-

ersee and also the lake that existed at Ljubljansko barje

were presumably suitably shallow lakes with calm water

and quiet bays offering favourable conditions for this plant

(Fig. 1b), whereas in the larger, deeper lakes like Lake

Constance (Bodensee) this plant could not survive because

of the harsh winds and strong lake level fluctuations.

In addition to the gathered staple foods, there is a rather

long list of gathered wild fruit taxa from Stare gmajne

(Table 3). Most of them also often appear in settlements

north of the Alps (Fig. 5). The taxa which are rarer north of

the Alps include Cornus mas (cornelian cherry) and Vitis

vinifera ssp. sylvestris (wild grape), which were found in

the early layer of Stare gmajne. Their occurrence might be

due to ecological conditions to the south of the Alps which

were possibly more favourable than those north of the

Alps. Finds of these taxa from Neolithic sites in northern

Italy (Rottoli and Castiglioni 2009) point in the same

direction. V. vinifera, for example, nowadays grows in

Slovenia on warm and dry places in sub-Mediterranean

areas or on sunny sand hills and river banks (Tolar et al.

2008). Near Stare gmajne there were such places appro-

priate for the growth of Vitis, especially on the nearby
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slopes with a southern exposure. In contrast, north of the

Alps, V. vinifera probably grew only on larger floodplains

such as those of the Danube and the Rhine. Remains are

therefore not likely to be found in lakeshore settlements

there. There is an isolated find of wild grape from Meers-

burg-Ramsbach on Lake Constance (Horgen culture, ca.

2900 cal. B.C.; Herbig 2009b).

Cornus mas is also fairly rare in natural stands north of

the Alps. Finds of its fruits are usually rare or absent, or

they are considered to have been imported. For C. mas fruit

finds from the western Lake Constance region it is sup-

posed that they were imported (Hoffstadt and Maier 1999;

Maier 2001), and that there might have been some sec-

ondary but not indigenous stands at Lake Constance

(Hosch and Jacomet 2004).

Chenopodium album and Brassica rapa commonly

occur in fields as weeds. They can also show high densities

on temporary fallows (Jacomet, personal communication).

Both plants have seeds rich in starch, oil and proteins.

Since they regularly appear and are often abundant in

Neolithic cultural layers (Fig. 5), we assume that the set-

tlers probably collected them for food (see Schlichterle

1981; Brombacher 1997).

It is also worth mentioning the regular appearance of

Viscum album. Neolithic people could have used it in

various ways. In Hornstaad (G) Hörnle IA, mistletoe

remains were detected in human coprolites, which suggest

that it was consumed. It was probably used for medicinal

purposes (Maier 2001). On the other hand, remains of

mistletoe regularly occur in the coprolites of ruminants

(Kühn and Hadorn 2004).

In addition to the often mentioned gathered plants, we

found parts of the fruiting bodies of various fungi that

could not be exactly identified. Jacomet et al. (1989)

reported that fungi, along with some other vegetable and

salad plants, may have played an important role in the diet

of Neolithic people. The abundance of their remains does

not directly indicate how important they were, because

they are rarely preserved. In a previous excavation at Stare

gmajne the whole fruiting body of Daedalea quercina

(maze-gill fungus) was found, which usually grows on

dead wood, mainly oak and causes brown rot. Though

inedible, its fruit bodies could have been used, for instance,

as a natural comb (Rolfe 1974).

We also found many fragments of mosses which were

presumably brought to the settlement for insulation mate-

rial in the buildings (Table 1 in supplementary material;

Hosch and Jacomet 2004). The remains of a sort of fabric

were found, too. Its identification with the help of a scan-

ning electron microscope showed that it was made of lig-

nified material, probably bast (Reichert 2007). Finally, one

larger piece of well-processed yarn was found during one

of the previous excavations at the site in 2006. It originated

from the latest settlement phase and was made of the spun

fibre of an unknown Poaceae species (Pajagič Bragar et al.

2009).

Conclusions

The late Neolithic pile dwelling of Stare gmajne on

Ljubljansko barje, Slovenia has only recently been exactly

dated by dendrochronology. It was inhabited in two peri-

ods, during an early phase about 3350 to 3330 B.C. and

during a later one lasting about 50 years and ending after

3110 cal. B.C. Based on this, the site can be considered to be

partly contemporary with the Alpine Iceman (Ötzi).

Our investigations revealed that there are many simi-

larities in useful plant spectra between Slovenian and

northern Alpine lake dwelling sites. There are, however,

also some differences. Among the crop plants, we noted the

absence of Triticum durum/turgidum at Stare gmajne.

Furthermore, we found Papaver somniferum in greater

amounts. It was previously found only on one Slovenian

site. Furthermore, the improved recovery techniques made

it possible to recover the remains of Linum usitatissimum

for the first time at a Slovenian Neolithic site. This all

sheds a new light on the early history of these crop plants in

Europe.

In addition to numerous similarities, we also observed

some differences within the group of gathered plants. In the

early layer of Stare gmajne Vitis vinifera ssp. sylvestris,

Cornus mas and Trapa natans were found. They had pre-

viously already been found at other Slovenian pile dwelling

sites but they are rare or absent north of the Alps. This may

be due to ecological differences.

The people of Stare gmajne influenced the vegetation in

the vicinity of the settlement by agricultural cultivation and

gathering, as well as by pasturing and fodder collecting

activities, as in other circum-Alpine lakeside settlements

(Jacomet et al. 2004).

In future excavations on exactly dated sites, more material

should be collected and investigated in a representative way,

using appropriate recovery techniques. Only additional

results can improve the picture of the nutrition, activities and

organisation of the settlers, as well as of the ecological

conditions at and around the pile dwellings in Slovenia. In

addition, comparisons with pollen analyses and other inter-

disciplinary investigations should be made in order to

interpret the climatic and ecological conditions and distur-

bances in the period of the 4th and also 3rd millennium B.C.
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Korošec for preparing the figures.

References

Anderberg AL (1994) Atlas of seeds and small fruits of Northwest-

European plant species with morphological descriptions. Part 4:

Resedaceae–Umbelliferae. Risbergs Tryckeri AB, Uddevalla

Baudais D, Grudler A, Lundström-Baudais K (1997) Les paléose-
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Zürich, pp 220–279

Cappers R, Bekker RM, Jans JEA (2006) Digitale zadenatlas van

Nederland [Digital seed atlas of the Netherlands]. Barkhuis

Publishing, Groningen
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Favre P (2002) Archäobotanik. In: Achour-Uster C, Eberli U,

Ebersbach R, Favre P (eds) Die Seeufersiedlungen in Horgen.

Die neolithischen und bronzezeitlichen Fundstellen Dampf-

schiffsteg und Scheller. Fotorotar, Zürich, pp 150–180
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Herbig C (2009b) Archäobotanische Untersuchungen in neolithischen

Feuchtbodensiedlungen am westlichen Bodensee und in Ober-

schwaben. Frankfurter Arch Schrift 10. Habelt, Bonn

Hoffstadt J, Maier U (1999) Handelsbeziehungen während des

Jungneolithikums im westlichen Bodenseeraum am Beispiel

der Fundplätze Mooshof und Hornstaad Hörnle I.A. Archaol

Korresp 29:21–34

Hosch S (2003) Ackerbau und Sammelwirtschaft in der Neolithischen

Seeufersiedlung Arbon Bleiche 3 (3384–3370 v. Chr.) Kanton

Thurgau, Schweiz. Unpublished doctoral thesis, Institute for

Prehistory and Archaeological Science, Basel University

Hosch S, Jacomet S (2001) New aspects of archaeobotanical research

in central European Neolithic lake dwelling sites. Environ

Archaeol 6:59–71

Hosch S, Jacomet S (2004) Ackerbau und Sammelwirtschaft.

Ergebnisse der Untersuchung von Samen und Früchten. In:

Jacomet S, Schibler J, Leuzinger U (eds) Die neolithische

Seeufersiedlung Arbon Bleiche 3: Wirtschaft und Umwelt. Amt
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Jacomet S (2004) Archäobotanische Grobuntersuchung verkohlter
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Informationsquellen. In: Landesdenkmalamt Baden-Wüttemberg
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lichen Federsee. Archäologische und naturwissenschaftliche

Untersuchungen. Landesdenkmalamt Baden-Württemberg, Gai-
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Université de Franche Comte, Besançon
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Stotzer M, Schweingruber FH, Šebek M (1976) Prähistorisches

Holzhandwerk. Mitt Schweiz Ges für Ur- Frühgesch 7:13–23

Suter P, Schlichtherle H (2009) Pfahlbauten–Palafittes–Palafitte–Pile
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dwelling settlement and its era, The Ljubljansko barje in the 2nd

half of the 4th millennium B.C. Opera Instituti Archaeologici
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Ljubljana, pp 223–234
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