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Abstract Today, the settlement site of Luokesa 1 (L1)

lies under water at the northern edge of Lake Luokesa in

the Baltic Uplands, south-eastern Lithuania. Its 60 cm-

thick Late Bronze–Early Iron Age cultural layer lies on top

of lake marl. During excavations in 2008 and 2009, core

samples at L1 were taken for the purpose of multidisci-

plinary investigations. From this material, five on-site

pollen diagrams were created in parallel with geo-

archaeological investigations and the examination of the

botanical macro-remains. Two of these cores mainly

comprised the cultural layer, another two consisted largely

of the underlying lake marl and the fifth contained pri-

marily the transition from the lake marl to the cultural

layer. The chronological sequence was established through

11 AMS dates. The woodland history, starting from the

Late Atlantic period, was recorded. The Quercetum mix-

tum values are quite low in the Subboreal, with the

coniferous forest consisting mainly of Pinus and, though

significantly less, Picea. At the transition to the cultural

layer (Subatlantic) the pollen curves are highly variable,

showing peaks in the curves for Betula and Alnus. Pollen

from aquatic plants is also present. Changes in riparian

vegetation and turbulent sedimentation conditions are to be

expected and can be explained by a drop in the water level.

As L1 was located on damp ground at that time, water

influxes alternating with dry episodes were observed. In the

area around L1 the sedge belt was less pronounced, and

riparian woodland extended all the way to the shores of the

lake. Pollen analyses of four sheep/goat dung samples

provide information on the grazing season and pasture

location of these domestic animals. The paper also dis-

cusses layer formation processes such as water level fluc-

tuations and hiatuses.

Keywords Pollen � On-site investigation � Lake level

fluctuation � Cultural layer � Riparian woodland � Human

impact

Introduction

State of research and aims of the study

Lithuania consists mainly of plains and hills with eleva-

tions up to nearly 300 m a.s.l. The country has some 4,000

lakes, of which only 2,500 are larger than 0.01 km2. They

are concentrated in the uplands and the south-eastern plain

(Kabailien _e 1996) and originated in the Late Pleistocene.

The lakes often contain sedimentary sequences that date

back to the Late Glacial period (Kabailien _e 1998). There-

fore, the area is ideally suited for the reconstruction of the

Holocene vegetation history using palynological investi-

gations. In particular, thanks to decades of pollen-analyti-

cal research in Lithuania by Meilute Kabailien _e, a large

number of pollen diagrams are available (Kabailien _e 2010).

This research dealt primarily with the creation of pollen

spectra and their interpretation. This was carried out, using

recent studies, to provide a basis for the evaluation of the

pollen spectra. Due to the great number of pollen diagrams,

the Holocene vegetation history of Lithuania is known and,

accordingly, could be divided into chronozones (Kabai-

lien _e 1998, 2006a) that have also been confirmed more
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recently (Antanaitis-Jacobs and Stančikait _e 2004). Kabai-

lien _e focused especially on climate change, and later on the

influence of humans on the vegetation. A new summary of

results is based on earlier pollen diagrams from 93 different

localities (Kabailien _e 2006b). A collection of her English

publications was published in 2010 as a reprint of her most

important works (Kabailien _e 2010). Unfortunately, there is

very little radiocarbon data in Kabailien _e’s research, which

complicates the chronological correlation between dia-

grams and hence renders them insufficient from today’s

perspective. The vegetation and climate history of the

Holocene is however found in more recent multidisciplin-

ary studies involving 14C dates (Šinkūnas et al. 2005;

Šeirien _e et al. 2009).

Archaeologically Lithuania is rich in hillforts. So it was

a natural step to also look intensively for prehistoric set-

tlements around lakes. Between 1998 and 2010, 45 lakes

and 5 riverbanks were prospected for Neolithic and Bronze

Age settlements (Pranck _enait _e 2011). Although numerous

archaeological finds and a few locations with piles were

discovered, only two lakes—Lake Liminas on the River

Sventoji (Rodiskis District) and Lake Luokesa

(Pranck _enait _e 2010)—produced evidence of lakeshore

settlements with piles and other archaeological material.

However no pollen diagram for the Liminas site has been

published up to now. At the Lake Luokesa, a well-pre-

served cultural layer with organic material belonging to a

lakeshore settlement was excavated and examined for the

first time in Lithuania. The palynological study presented

here forms part of a wider interdisciplinary project that

encompasses archaeological, geo-archaeological and den-

drochronological analyses, as well as the examination of

botanical macro-remains (Pranck _enait _e 2014; Ismail-

Meyer 2014; Bleicher 2014; Pollmann 2014).

Unfortunately very few pollen-analytical studies are

connected with archaeological finds or excavations. Most

settlements are located on sandy ground, so that no organic

material is preserved (Pranck _enait _e 2011). Thus, the

excavation on the edge of a lake at Luokesa (Fig. 1) is of

great scientific importance, as pollen-rich sediments could

be recovered there. As early as 2007, Motuzaite-Matuz-

evičiūt _e analysed 4 samples from a 29 cm-long core taken

from an unspecified location within the settlement area.

However, there are as yet no conclusive results, due to the

small number of samples taken from this core, from which

only a very small amount of pollen has been counted

(Motuzaite-Matuzevičiūt _e 2007).

The area near Luokesa that has been most thoroughly

studied by pollen analysis is located 50 km east of Moletai,

at Lake Kretuonas in the district of Svencionys; this is

where more than 30 archaeological sites are known and

where the settlement site of Zemaitiske 2, a Late Neolithic

pile-dwelling settlement, is located (Fig. 2). The diagram

data originate from the vicinity of this settlement, but there

are no cultural layers, hardly any settlement indicators and

the data are indicative of the Subboreal with dominant

Fig. 1 Location of the site investigated. a Lake Luokesa. b Lake Luokesa with L1 and L2. c The peninsula of L1. Green line lake shore. Red line

limit of the shallow area. Little circles piles
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Pinus (Kabailien _e and Grigiene 1997; Girininkas 2008;

Antanaitis-Jacobs et al. 2002).

Juodonys is also an off-site diagram. The site is located

60 km north of Luokesa in an area populated since the

Middle Neolithic, but the diagram itself is not directly

connected with any specific settlement. It shows the first

traces of human impact from approximately 5,900 BP

(*4800 cal BC). From the Late Bronze Age (LBA)

onwards the presence of fires as well as developing

grassland, forest pasture and arable land strongly increases

(Stančikait _e et al. 2004).

The lake area in the valley of the Katra lies in southern

Lithuania, 180 km south-west of Luokesa; it contains,

amongst others, Lake Duba and Lake Pelesa (Fig. 2). Signs

of occupation from the Mesolithic to the Middle Ages have

been found there. Two off-site pollen diagrams, taken from

lakes that silted up over 100 years ago, show the increasing

influence of people from the Late Neolithic onwards

(Stančikait _e et al. 2002). It has been shown that defores-

tation in these areas (Lake Gruda) became more intense in

the Bronze Age (Antanaitis-Jacobs and Stančikait _e 2004).

A multidisciplinary study showed declining water levels in

Lake Pelesa during the Subboreal (Šinkūnas et al. 2005).

Furthermore, the theory that Alnus declined due to human

impact at the beginning of the Early Bronze Age is a

debated subject (Saarse et al. 2010).

The remaining wetland settlements that have been

investigated archaeologically, and for which pollen dia-

grams are available, are far from Moletai. These settle-

ments are Sventoji on the Baltic Sea (Stančikait _e et al.

2009b) and Turlojiske near the border with Poland (An-

tanaitis-Jacobs et al. 2002). Unfortunately, these diagrams

do not contain cultural layers. The diagrams from the

cultural layer of a dryland settlement from the Impiltis

area, in north-western Lithuania, are low in pollen con-

centration and cover the period from AD 900 onwards

(Stančikait _e et al. 2009a).

The present study, based on the pollen analysis of the

cultural layer of Luokesa, is intended to provide informa-

tion on the genesis of the cultural layer, on the location of

the settlement relative to the shoreline and on the occu-

pation phases. It attempts to reconstruct the vegetation in

the immediate and wider environment of the settlement.

The sediments below the cultural layer provide information

on the vegetation history before the time of occupation of

the settlement that corresponds to the cultural layer.

The area of investigation

Lake Luokesa is located on the Baltic Ridge in the Uplands

area south of the city of Moletai (Utena County), which lies

63 km NNE of the capital Vilnius (Fig. 2). Geologically,

the area consists of sandstones, clays, dolomites, sands and

marl from the Devonian period. The lake is located in the

lake region of a moraine landscape that formed during the

retreat of the glaciers belonging to the Weichselian Gla-

ciation, and it is connected to other smaller lakes via

streams and canals (Motuzaite-Matuzevičiūt _e 2007). The

lake is 2.4 km long, 0.8 km wide and almost 50 m deep at

its deepest point (Menotti et al. 2005). Today, aside from

farmland, the area is wooded with Picea, Pinus and Betula.

Geobotanically the area belongs to the Aukstaitija District

of hardwood-spruce forests, more precisely to the southern

sub-district with pine forests including peaty woodlands

with Pinus and Betula (Laasimer et al. 1993). Towards the

border with Belarus, Pinus woodland with Sphagnum

becomes increasingly dominant. The important Central

European forest trees Abies, Fagus and Carpinus do not

reach as far as Moletai (Czajkowski et al. 2006). The area

has many bogs, which have been partly drained. On Lake

Luokesa, two settlements were discovered in the year 2000:

site L1, located on the northern shore, and site L2 on the

southern shore, both being so-called pile-dwellings. L1 can

be attributed territorially and chronologically to the Bru-

shed Pottery culture (for details see Pranck _enait _e 2014).

Pollen analysis was carried out only on L1. In addition

to piles, palisades and horizontal wooden structures, L1

possesses an impressive 60 cm-thick cultural layer rich in

archaeological material. This cultural layer lies on thick

lake marl sediments. Today, L1 lies covered by shallow

water (ca. 110–190 cm depth) on top of a moraine-like

shoal, which leads from the shore to a small, wooded island

(Menotti et al. 2005; Pranck _enait _e 2014). At the time of its

occupation, when the lake level was low, there was pre-

sumably a link connecting the settlement to the land, so

that it stood on a kind of peninsula. The settlement site

covers an area of 50 9 70 m and is enclosed on the shoal

side by an inner and an outer palisade and is open towards

the open water. Only a small part of the settlement has been

excavated since 2007, namely 8 squares each 2 9 2 m,

located at the suspected centre of L1 (Pranck _enait _e 2014).

L2, now also under water, is located on a shoal and

consists of a roughly 190 m2 wooden platform. No cultural

layer with finds is available; no pollen analysis was

undertaken at this site.

Materials and methods

Location and retrieval of the core samples

For the archaeobotanical investigation 12 cores from the

excavation area itself, and 9 cores collected along 2 tran-

sects were retrieved in 2008. The cores were packed in

plastic tubes, sealed in foil, transported to Switzerland and

stored in a refrigerator.
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Five cores were selected for pollen-analytical process-

ing. The two profiles LALU15 and LALU13 lie within the

palisade in the centre of L1 and are situated 2 m apart from

each other. LALU4 and LALU2 lie 6 m away in the

direction of the moraine-like shoal. The LALU104 core

was taken 22 m further away, between the inner and outer

palisade (Fig. 3).

Pollen analysis

To obtain comparable results from the pollen analysis,

macrofossil analysis and micromorphology, the relevant

investigations were carried out on the same cores. For

pollen analysis material was removed from the cores either

every 1 or 2 cm or at greater intervals; 1 cm3 of material

Fig. 2 Physical map of

Lithuania. Location of the

studied site (8) and the other

Lithuanian localities cited in the

text. 1 Sventoji site. 2 Impiltis

hill site. 3 Zadeikiai bog. 4

Birzulis Lake. 5 Baltys Lake. 6

Juodonys settlement. 7 Lake

Kretuonas/Zemaitiske site. 8

Lake Luokesa, studied site. 9

Varenis Lake. 10 Lake Duba,

Lake Pelesa. 11 Lake Gruda. 12

Turlojiske site. 13 Lake Wigry

(Poland)

Fig. 3 Location of the sediment cores analysed palynologically at

L1; white circles sediment cores with cultural layer. Yellow circles

sediment cores with lake marl. Red lines planed fields of excavation.

Red square excavation 2008. Violet lines axes of transects. Little

colored circles piles in the settlement and palisades
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was removed at each horizon. Additionally, 4 dung sam-

ples were collected from one core (LALU15). A constant

number of Lycopodium spores were added to calculate the

pollen concentration (Stockmarr 1971). The selected sedi-

ment samples were prepared using the standard method in

the laboratory of the Institute of Plant Sciences at the

University of Bern (Moore et al. 1991). In some samples, in

addition to HCl treatment, HF was necessary to remove the

silicates. After this, acetolysis was carried out. A pollen

sum of 800 was sought; although in some of the poorer

cultural layers a smaller number had to suffice. The

counting was performed using the computer program

TAXUS, whilst the calculations and diagram drawings

were carried out using the TILIA and TILIAGRAPH pro-

grams. The sample numbers correspond to the depth in cm,

beginning at the lower end of the tube for easy connection

with the altitude above sea level. The upper end of the tube

corresponds to the surface at the bottom of the lake. Within

the timeline, the diagrams were classified into diagram

sections (DS) to allow better comparison of the diagrams

with each other. It was decided to select DSs rather than

LPAZs (local pollen assemblage zones) because changes in

the pollen spectra of cultural layers cannot be equated with

changes in local biodiversity. The DSs in turn were

assigned to chronozones as defined by Mangerud et al.

(1974). DS 4, 5 and 6 comprise the Late Bronze Age /

Early Iron Age (Brushed Pottery culture; Pranck _enait _e

2014).

The percentages refer to the basic sum consisting of

pollen and Pteridophyta spores minus pollen of aquatic

taxa. The curves shown in the NAP (non-arboreal pollen)

part of the diagrams are presented in ecological indicator

groups. These groups contain rather different taxa: e.g. the

group Lakeside area includes plants of alluvial forests,

lakeshore woodlands, wetlands, wet meadows and fen

meadows (Alno-Padion, Filipendulion, Molinion).

Although a classification based on the main distribution

area of a species or plant family was undertaken, the

indicator groups are not always reliable representations of

the habitat of a plant because the ecological amplitude of

the species is often greater than shown. This must be kept

in mind when interpreting the information (Behre 1981).

Although continuous sedimentation is not expected in

cultural layers, it was decided to present the data in curves

and not in bars, in order to facilitate comparison with the

values obtained for the lake marl. It is only for the 4 dung

samples that bar graphs have been used.

Sediment types

The cores examined contain two types of sediment: light

lake marl and dark brown deposits belonging to the so-

called cultural layer. The lake marl deposited below water

level consists largely of biogenic precipitated chalk and

very little organic matter. The cultural layer that had

developed consists mainly of organic material, i.e. plant

and animal remains, as well as archaeological finds (see

below and Ismail-Meyer 2014). Four coprolites from

sheep/goats were also recovered from this cultural layer.

The sediment thickness of the layers and the number of

horizons (samples) analysed can be found in Fig. 4.

Radiocarbon dating

A total of 11 AMS datings were made on the LALU2,

LALU104 and LALU15 diagrams; they were carried out on

charcoal or botanical macro-remains at the AMS-14C

Laboratory of the ETH (Swiss Federal Institute of Tech-

nology) Zurich (Table 1). Sample 12 from the LALU101

turned out to be part of a sub-recent rhizome. Unfortu-

nately, the data from the cultural layer lie on a ‘plateau’ in

the 14C calibration curve around 800 cal BC, meaning

precise dating of the cultural layer could not be obtained.

However, this was improved by comparison with wiggle-

matching of radiocarbon-dated wood samples from den-

drochronologically examined piles (Bleicher 2014). This

suggests a date for the settlement of between 625 and 535

BC, marking the period in which all wiggle-matching results

overlap. This constitutes a reasonable match for our AMS

data (see comment on the remaining data in the text).

Building activity is attested for at least 15 years at L1; L2

is about 25 years older than L1 (Bleicher 2014).

Results

Pollen spectra and chronology of the lake sediments

below the cultural layer

The lake marl layers below the cultural layer can be

arranged into 3 DSs. The lowest (earliest, DS 1) reflects the

dominance of Pinus in the younger Atlantic period. DS 2

shows Pinus still dominant but with rising Picea in the

Subboreal period. Lastly DS 3 at the top illustrates the time

before the beginning of the settlement recorded in the

cultural layer and the transition to the Subatlantic period,

with high values for Betula.

The pollen spectra of DS 1 (Figs. 5, 6; LALU104

samples 6–42, LALU2 samples 2–6, late Atlantic) are

dominated by Pinus whilst Picea is subordinate. As

expected, Alnus and Betula, which thrive in the vicinity of

shores, have somewhat higher values whilst the rest of the

pollen from the other deciduous species shows lower val-

ues. Very little grass and other herb pollen is present.

The date of 2,540 BP (700–540 cal BC; LALU2, Table 1)

corresponds to the age of the cultural layer and is therefore
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too recent. As such it must be interpreted as material

derived from the cultural layer which was most probably

pushed down to this depth because of a pile hole; indeed

the piles partly reach as far as 4.5 m below the cultural

layer (Menotti et al. 2005). The date of 5,255 BP

(4180–3970 cal BC; LALU104, 44 cm below the cultural

layer) can be considered correct and indicates the Late

Atlantic period. The rise of Alnus at the beginning of the

Atlantic, as shown in some Lithuanian diagrams (Antana-

itis-Jacobs et al. 2002; Stančikait _e et al. 2002), is not vis-

ible in the diagrams of Luokesa. LALU104 reaches further

back than LALU2, but ultimately does not reach an older

pollen zone. Furthermore, this data-set shows that the

decline of deciduous trees such as Ulmus, Tilia and Corylus

has already taken place (Šinkūnas et al. 2005) or alterna-

tively that the mixed oak forest (Quercetum mixtum, QM)

never had such high values as in the diagram for Balthys

Lake (Šeirien _e et al. 2009).

In the pollen spectra of DS 2 (Figs. 5, 6, 8, 9;

LALU104 samples 48–78, LALU2 samples 12–48,

LALU13 samples 2–6 and LALU15 samples 2–8, Sub-

boreal) Pinus is dominant. Picea shows a peak in both

lake marl diagrams (LALU104, LALU2) at the bottom of

this diagram section. Picea then recedes and slowly rises

again in the upper part of DS 2. Alnus and Salix also have

partly slightly higher values. The lowest horizons of the

diagrams LALU13 and LALU15 match. Sample 8 in

LALU15 is very low in pollen and, in addition to high

values for Alnus, Betula and Tilia, has extremely low

Pinus and Picea values. The change from the Atlantic to

the Subboreal period is otherwise hardly noticeable,

which is also indicated in other diagrams such as those of

Lake Varenis in south-eastern Lithuania (Šeirien _e et al.

2009). According to the general vegetation history of

Lithuania there was, at the transition of the Atlantic to the

Subboreal, a decline of the QM (Kabailien _e 1998, 2006a,

Fig. 4 Lithology, number of

samples, thickness of layers and

DS diagram sections;

C coprolites; ChZ chronozones;

AP archaeological period

Table 1 Radiocarbon dates, Lake Luokesa, site L1

Lab.code Core Depth Material Weight (mg) 14C-age (years BP) Cal. age (BC)

ETH-42977 LALU2 4 cm Charcoal (2 pieces) 7.0 2,540 ± 35 700–540 (58.3 %)

ETH-42978 LALU2 13 cm Bark 18.2 4,855 ± 35 3710–3630 (79.2 %)

ETH-42979 LALU2 29 cm Bark (2 pieces) 9.9 2,520 ± 35 800–520 (95.4 %)

ETH-42980 LALU2 51 cm Hazelnut, shell (1 piece) 113.0 2,515 ± 35 800–520 (95.4 %)

ETH-42981 LALU15 22 cm Charred bark (2 pieces) 14.5 2,500 ± 35 790–500 (94.2 %)

ETH-42982 LALU15 25 cm Charred bark (2 pieces) 19.2 2,565 ± 35 810–740 (56.7 %)

ETH-42983 LALU15 34 cm Charred branch (1 piece) 283.4 2,530 ± 35 800–530 (95.4 %)

ETH-42984 LALU104 40 cm Bark (1 piece) 24.9 5,255 ± 40 4180–3970 (82.5 %)

ETH-42985 LALU104 62 cm Branch (1 piece) 9.9 4,785 ± 35 3650–3510 (93.7 %)

ETH-42986 LALU104 79 cm Branch (1 piece) \290.7 2,530 ± 35 800–530 (95.4 %)

ETH-42987 LALU104 85 cm Charcoal (1 piece) 30.7 2,520 ± 35 800–520 (95.4 %)

ETH-42988 LALU101 No pollen Rhizome (1 piece) 68.2 150 ± 35 AD 1660–1960 (95.4 %)
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2010) which is not as pronounced here—this is consistent

with adjacent diagrams (Girininkas 2008).

The dates 4,855 BP (3710–3630 cal BC; LALU2) and

4,785 BP (3650–3510 cal BC; LALU104) (Table 1) lie in the

early Subboreal. The Picea-increase (LALU2 sample 48,

LALU104 sample 72) at the end of the Subboreal possibly

corresponds to the documented Picea-increase around

3,100 BP (ca. 1350 cal BC) in north-western Lithuania

(Zadeikiai and Birzulis Lakes) when Picea became a

leading member of the forest composition (Stančikait _e

et al. 2003, 2006). According to Kabailien _e (2006a) also,

the course that the Picea curve follows corresponds to the

Fig. 5 Pollen diagram, Lake Luokesa 104 Fig. 6 Pollen diagram, Lake Luokesa 2
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Subboreal period. The date of 2,520 BP (LALU2

800–520 cal BC), however, is too recent and needs to be

discarded (see above). Typically, both data-sets that are too

recent (DS 1, DS 2) come from the LALU2 core, which lies

near the centre of L1 and which contains material from the

cultural layer in the upper part of the sample. On the other

hand, LALU104, which lies between the inner and outer

palisades and has no cultural layer, resulted in no erroneous

data. In the latter case, a downward spread of material

derived from the cultural layer is also unlikely. From a

pollen-analytical perspective this spread of material is not

detectable in the diagram.

In all five diagrams, DS 3 (Figs. 5, 6, 7, 8, 9; LALU104

sample 80–86, LALU2 sample 50–52, LALU4 sample

19–22, LALU13 sample 8–13, LALU15 sample 10–17,

early Subatlantic) shows a decline of Picea while a sig-

nificant increase of Betula is recognisable; three diagrams

also show a weak increase of Alnus. Moreover, an increase

in pollen concentration to high values is noticeable. The

herb pollen spectrum still has small values and is poor in

species. Only Cyperaceae, Filipendula, Cichoriaceae and

Artemisia have slightly higher values. From here on how-

ever, Carpinus regularly appears with fewer pollen grains.

The curves of AP (arboreal pollen) oscillate a little more

than in DS 2. The transition to the Subatlantic period in the

pollen spectrum is only slightly noticeable—which is

consistent with other diagrams (Stančikait _e et al. 2002,

2004). However, in north-western Europe a significant

change from warm and dry to cool and moist can be seen

(van Geel and Magny 2002).

The dates of 2,515, 2,530 and 2,520 BP (800–520 cal BC;

Table 1) roughly show the age of the cultural layer. 2,515

and 2,530 BP lie in the lake marl just below the cultural

layer. They indicate the minimum age of the beginning of

the settlement. They also indicate the beginning of the

Subatlantic, which therefore starts with an increase in the

Betula curve. It would also be possible to set the limit at the

sharp rise of the NAP values directly at the bottom of the

cultural layer, but since this change in the pollen curve is of

anthropogenic origin, it is not relevant for the setting of the

boundary.

Pollen spectra at the transition from the lake marl

to the cultural layer

In the five cores investigated the transition from the lake

marl to the cultural layer was about 4–8 cm thick. It was

analysed at 1 cm (LALU4, LALU13, LALU15) or 2 cm

intervals (LALU 2, LALU104) and compared with the

cultural and lake marl layers above and below. The results,

as well as their possible interpretation, are recorded in

Table 2.F
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Pollen spectra and chronology of the cultural layer

The cultural layer, which belongs to the early Subatlantic,

has consistently high NAP values. They can be divided into

three DSs. In DS 4 the Pinus values decrease. On the

boundary with DS 5 there is a peak in Corylus, Betula and

Alnus, with poor pollen concentration. In DS 5 the Pinus

values rise again and high records of Cerealia are present

reaching maximum values in DS 6.

DS 4 (Figs. 6, 7, 8, 9; LALU2 sample 55, LALU4

sample 23–28, LALU13 sample 14–29, LALU15 sample

18–42, early Subatlantic) is characterised by the change of

the sediment from lake marl layer to cultural layer where

the proportion of charcoal and NAP increases strongly

whilst that of the AP decreases significantly. All tree spe-

cies, but especially Pinus, decrease. The NAP of all indi-

cator groups increase. The number of taxa, as well as the

frequency of NAP, is much higher in LALU15 than in

LALU13. This is caused by the LALU15 sediment con-

taining more organic material with pollen introduced by the

settlement activities. At the top of DS 4 there is a small

Corylus peak, and in LALU13 peaks in Betula and Alnus

are also observable.

The dates of 2,500 (790–500 cal BC), 2,565

(810–740 cal BC) and 2,530 BP (800–530 cal BC) in the

diagram LALU15 identify the older part of the cultural

layer as belonging to the Early Iron Age (EIA). Due to the

‘plateau’ in the 14C calibration curve at this time, a more

precise radiocarbon dating is not possible.

In DS 5 (Figs. 7, 8, 9; LALU4 sample 50, LALU13

sample 32–60, LALU15 sample 46–68, early Subatlantic)

the values for wild grasses recede slightly, although on the

other hand the species diversity of the grassland plants does

not decrease. The Cerealia and their companions increase

Table 2 Results of 1 cm-/2 cm-pollen analysis at the transition of lake marl to cultural layer

Diagram

(samples

of

transition)

Hiatuses Local vegetation on the lakeshore Human impact

Aquatic plants Lakeside area

LALU15

(14–20)

At the bottom of the cultural

layer the pollen curves change

abruptly (18) and a peak of

Pinus (17) is noticed: no

continuous sedimentation is

supposed

Aquatic plants are

documented but not

frequent at the transition, as

in the lower part of the

cultural layer and lake marl

below

Reeds and lake shore

forests are hardly

recognized at the

transition, Betula values

are noteworthy

Only in the cultural layer L1

human impact is clearly

recognizable, fluctuating

curves –forest clearance?

Some percentage of Artemisia.

Betula (in wet forest or fallow

land?) values are noteworthy

LALU13

(10–14)

A peak of Pinus (12) and high

pollen frequency (13) could

indicate a hiatus

Aquatic plants are rare, but

recognizable in the lake

marl layers (10–13) at the

transition

Riparian woodland with

Salix (14) is clearly

recognizable at transition,

Cyperaceae almost

absent, Betula (13) is

present

A significant change in the

sediment and diagram:

beginning of the culture-

indicating pollen. Betula (13)

is present

LALU4

(19–24)

Change of pollen frequency and

bad preservation (23) indicate

a hiatus and dry conditions

Aquatic plants are almost

absent, only a few at the

transition (21)

Reeds and Filipendula are

just recognizable at the

top of lake marl layers

(21–23), Betula with high

values

Human impact starts with the

sedimentation of charcoal and

upland herbs immediately

before the settlement, Betula

with high values

LALU2

(48–55)

A significant change in the

diagram (52/55) indicates no

continuous sedimentation

Some aquatic plants are

shown at the bottom of the

cultural layer and the lake

marl layer at the transition

(50, 55)

Wet meadows and lake

shore forests are weakly

recognizable at the

transition (52, 55), Betula

peak (52)

Increase of culture-indicating

pollen at the bottom of the

cultural layer, almost absent in

lake marl. Betula peak (52)

LALU104

(78–86)

The cultural layer is missing in

the core, no interpretation

Aquatic plants are found in

the lake marl below the

cultural layer (78, 80)

Reeds and wet meadows

are almost absent at the

transition, Betula

increasing

Culture-indicating pollen and

charcoal almost absent. Betula

increasing

Conclusion 4 diagrams show probable

drying and a small hiatus

before the settlement L1

(LALU104: missing sediment)

Aquatic plants are

underrepresented. They are

documented in the lake

marl and the lower part of

the cultural layer

No big reeds are

documented on the edge

of the lake in all

diagrams.

Betula has high values just

before the cultural layer,

also Alnus in 3 diagrams

There are some indications of

forest clearance just before the

settlement L1. High values of

Cerealia and NAP of grassland

in the cultural layer show

intense human impact. Betula

on fallow land?
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somewhat. Picea has very small values whilst Pinus

increases somewhat towards the upper part of the sample.

Artemisia also has higher values. Compared to LALU15,

LALU13 has higher NAP values, but fewer different taxa.

Since the conditions for preservation are worse there than

those of LALU15, which is evidenced by the high values of

Cichoriaceae, the determination of the genus or species was

not always possible; this in turn may have slightly reduced

the range of species. The uppermost horizon in LALU13

and LALU15 has low NAP values with poor pollen

concentration.

DS 6 (Fig. 9; the uppermost zone of the sediment,

LALU15 sample 72–78, early Subatlantic) is recorded in

LALU15 only. The AP, in particular that of Pinus,

decreases whilst Cerealia, Artemisia, Centaurea and Fili-

pendula increase. The sediment is sandy-clayey. Pollen

concentration is low and the proportion of charcoal is

particularly high.

Dung samples

The four dung samples (coprolites of sheep/goat, LALU15-

Cop Cop11, Cop12, Cop13, Cop 16. Fig. 10) are situated in

DS 4 and DS 5 of the LALU 15 diagram. All have in

common the fact that they contain only few taxa, little AP,

especially little Pinus, almost no cereal pollen and finally

no aquatics. On the other hand, in the 4 samples, different

pollen types have strikingly high values. These are Poaceae

and Betula in Cop11; Varia, Alnus and Betula in Cop12;

Apiaceae and Cichoriaceae in Cop13; Epilobium and

Fabaceae in Cop16.

Discussion

Sedimentation of the lake marl and cultural layer

and formation of the pollen spectra

The accumulation of lake marl generally takes place at

variable water depth. During the period of formation of the

lake marl in the Atlantic period and the early Subboreal,

the area where L1 was situated lay some 5 m under water,

which corresponds to the current natural depth of water of

the shallows located between the mainland and the island

(lake-bed mapping by E. Pranck _enait _e). The largest part of

the sediment that formed at that time consists of carbonates

which were precipitated through various living organisms

out of the calcareous water. Small quantities of plant and

animal remains were also embedded annually, as were

sands and clays washed in by rivers. This is how the lake

marl sediment, characterised by a fine yellowish-white

carbonate mud with little sand and clay (Ismail-Meyer

2014), formed under the cultural layer of L1. This sediment

received an annual air-borne pollen rain, which fell on the

surface of the lake and then settled, to be embedded in the

deposit. The lake marl sediments of L1 are extremely rich

in pollen, as is also the case of many lakes of the circum-

alpine region. Moreover, the pollen is generally very well

preserved, as it reached an anaerobic environment imme-

diately and permanently, and became slowly fossilised.

The pollen spectrum consists largely of anemophilous

(wind-dispersed) types and it represents mainly the regio-

nal vegetation; pollen grains that reached the lake via rivers

are quantitatively rare. Different conditions applied to the

shallower shore zone, with aquatic plants found more

commonly. However, the preservation of their pollen is

poor, as their exines contain little sproropollenin (Burga

and Perret 1998). Pollen which floats well on the surface of

lakes, such as the vesiculate pollen grains of Pinus and

Picea can accumulate in the drift line of the lakes and

produce a yellow seam. A peak in the pollen spectrum, for

example of Pinus, can form in this way, and is indicative of

sedimentation in a shore environment (Ammann et al.

1981; Haas and Hadorn 1998); this has also been observed

in the Luokesa diagrams.

The so-called cultural layers of the lakeshore settlements

are deposited in part in shallow waters and in part also on

land above the lake level. They consist of the sediments

that produce archaeological assemblages that can generally

be attributed to a single cultural phase or period. If upright

posts or piles are present, as at L1, then they are dubbed

pile-dwellings. It must be established for each individual

site whether the settlement was built on a platform above

the water or whether it was established on the ground. This

forms part of the investigations presented in this publica-

tion, and of the contributions from other disciplines (see

Pranck _enait _e 2104; Ismail-Meyer 2014; Pollmann 2014;

Bleicher 2014). The cultural layer sediment consists pre-

dominantly of organic material. At L1, the proportion of

plant remains represents over 50 % of the material

throughout: in most cases it is composed of fragments of

wood and bark, but twigs, leaves, fruits, seeds, charcoal

and mosses are also present. Clay, sand and gravel are also

documented (Pollmann 2014; Ismail-Meyer 2014). Much

of this material was intentionally brought to the site as

consumables, building and insulation material, produce

from harvests and gathering, and bedding for livestock;

much also reached the settlement accidentally. A large

volume was deposited as refuse, and was preserved in the

damp environment. Quite different amounts of material can

thus accumulate in a given time span, and material

deposited during the summer can be distinguished from

that accumulated in winter. The materials brought in all

come from the shore area and the hinterland of the settle-

ment, i.e. from the zone accessible from it. Layers con-

sisting of coprolites were also recorded, identified on the
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basis of their shape as from sheep/goats and cattle. Dung

from sheep is generally indistinguishable from that of goats

(Haas 2004). Hence the genesis of cultural layers is com-

plex as is the formation of their pollen spectra as well, but

entirely different from that in the accumulation of the lake

marl. The pollen of anemophilous plants is naturally wind-

blown, possibly also carried by water, and settled in the

cultural layers. In addition, there are other sources of pol-

len: cereals were brought onto the settlement for threshing,

livestock passed through or was stabled on site, people

moved around, fruits were processed, pollarded branches

were brought in, and tender leaves were used as food.

Pollen grains can adhere to all these materials. Once in the

layer, the pollen grains are preserved differentially,

depending on their immediate environment. If permanently

damp, preservation is good, if variably humid, the pollen

grains do not always survive. Pollen spectra develop in this

way, partly containing, in addition to the normal pollen

rain, vast amounts of pollen from most diverse origins.

They can also include insect-borne pollen or self-pollinat-

ing varieties, which can enter the deposits in large quan-

tities (Heitz-Weniger 1978; Ammann and Liese-Kleiber

1980; Richard 1993; Hadorn 1994). Since the pollen

spectra of cultural layers were formed by both the natural

sedimentation of pollen grains and by human action that

brought materials in, it follows that the spectra do not just

mirror the development of the vegetation and hence must

be interpreted differently. The pollen that was incorporated

into the cultural layers by being imported by people is

indicative of their area of origin and it documents the

places visited by the settlers. When interpreting the AP

curves of a cultural layer, we must take into account that

they—like all other curves—are being brought down by

extremely high values for other taxa, often of Cerealia.

The main features of the pollen diagrams from the cul-

tural and lake marl layers of L1 do match. The two cultural

layer diagrams LALU15 and LALU13 in particular show

good parallels, which is easily recognisable in the Total

Diagrams (Figs. 8, 9, left). In these cultural layers not only

the mosaic-like accumulation of pollen taxa is visible, but

also a certain degree of concordance in the horizontal plane.

This aspect will also need to be taken into consideration.

The development of the vegetation prior

to the accumulation of the cultural layer

During the Late Atlantic (DS 1) vast Pinus forests with

some Picea dominated the Luokesa region. Even today,

Pinus is the most common forest tree found in the area

(Roering 1999). QM elements such as Quercus, Ulmus and

Tilia and on rare occasions even Fraxinus were present, but

remained subordinate. Despite the fact that the Atlantic

period is characterised as a QM-Corylus-Alnus zone by

Kabailien _e (2006a), some of the more recent investigations

are in accordance with the findings from Luokesa’s lower

QM values. Examples of this are the diagram from Juo-

donys, a radiocarbon-dated site located 60 km from Luo-

kesa on the edge of the Baltija Upland (Stančikait _e et al.

2004), or the diagrams located further away at Lake Duba

and Lake Pelesa (Stančikait _e et al. 2002) and at Lake

Wigry in Poland (Kupryjanowicz 2007). In wetter areas,

Alnus was frequent. The Poaceae exhibit very low values,

and Cerealia, Artemisia and other NAP are recorded only

as isolated grains. Low Artemisia values suggest that these

plants cannot be interpreted as indicative of clearances,

since they occur in Pinus sylvestris forests. The NAP val-

ues indicate that there was a degree of human impact, but

that it was still noticeable. The earliest signs of vegetation

cover transformation, in the form of human-induced veg-

etation disturbances, also appear from the early Middle

Neolithic onwards as weak signals from the edge of the

Baltic Uplands (Stančikait _e et al. 2004).

In the Subboreal (DS 2) coniferous forests continue to

dominate. A shift towards Picea forest is recorded. The

QM remains unchanged and continues to play a subordi-

nate role. The Fraxinus-Alnus forest becomes somewhat

more noticeable, having presumably spread along the lake

shore. The slight increase in clearance indicators suggests

an increased human impact. In the very detailed widely

dispersed diagrams LALU13 and LALU15 this phase ends

with a horizon that is poor in pollen, suggesting a change in

the conditions for sedimentation.

The growing and very high pollen concentrations

observable in DS 3 (Subatlantic) of all the diagrams indi-

cates a low rate of sedimentation. It implies pollen

enrichment in the shore zone, evidenced by high Pinus

values. It is therefore possible to conclude that the level of

the lake dropped and that the lake shore expanded. The

slightly higher values for Alnus and Filipendula shown in

three of the diagrams suggest that shoreline woodland and

humid zones increased too. The diagrams from Turlojiske

and Zemaitiske (Antanaitis-Jacobs et al. 2002) also indicate

that a drop in lake levels is accompanied by an expansion

of Alnus woodland. In terms of chronology, these local

events need not necessarily to coincide. Other types of

wetland areas may also have benefited. In any case, the

pollen spectra suggest a freeing up of the shoreline that was

then colonised by wetland plants. Betula too shows a

marked growth. It is conceivable that this pioneer species

expanded in newly cleared zones. However, apart from a

little cereal pollen, the evidence for clearance is very weak

for the sequence below the cultural layer on the diagram. It

is therefore unlikely that major clearances took place

before the beginning of the settlement episode. Possibly—

and more probably—Betula just benefited from the

expansion of the shoreline.
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Pollen from aquatic plants, which would allow conclu-

sions to be drawn about a limnic depositional milieu, is rare

and underrepresented. This pollen is especially rare in

sediments deposited in deep water (Heitz-Weniger 1978),

even though today Potamion (Potamogetonion) can occur

at depths of 4 m and even up to a depth of 7 m. In the

Luokesa diagrams the aquatic plants are most common at

the transition from the lake marl to the cultural layer and

indicate the presence of shallow water. Pollen of Carpinus

is present at Luokesa, as it is at Kretuonas (Antanaitis-

Jacobs et al. 2002), in small amounts from the Subboreal

onwards. It is likely that this pollen was transported over

long distances, given that today the distribution zone of

Carpinus is located at a distance of well over 100 km. In

southern Lithuania the immigration of Carpinus is proven

already since the end of Atlantic (Šinkūnas et al. 2005).

The development of the vegetation at the time

of the accumulation of the cultural layer (settlement L1)

in the early Subatlantic period

During DS 4 Pinus forests with some Picea were common,

even at the time when the cultural layer was being accu-

mulated. Betula stands were now more extensive, possibly

having spread on fallow and cleared land. Species from all

indicator groups are equally represented in the samples and

point to the existence of wetlands, lakeshore sites, wet

meadows, grasslands, arable fields and ruderal sites. Set-

tlers and their livestock moved around all these places right

from the beginning of the settlement phase. The low pollen

concentrations in LALU13 are due to the high proportion

of charcoal, which affects the number of taxa identified. As

the structures from the settlement are not well known, it

remains an open question whether this configuration rep-

resents the presence of hearths in the settlement. There are

no indications of an extended sedge belt.

In DS 5 the surrounding woodlands are still dominated

by Pinus, with some Picea present. In LALU15, conifer

pollen is even better represented than in DS 4. In LALU13,

the conifer species become eclipsed by the increased set-

tlement-related introduction of herbaceous pollen. The

pollen analysis from the settlement of Luokesa 1 by Mot-

uzaite-Matuzevičiūt _e (2007; only four horizons) also shows

a higher proportion of conifers, but with fewer grassland

types and settlement indicators. However, the Pinus forests

presumably did not grow in extent; it is possible that the

increasing opening of the landscape favoured the aerial

transport of Pinus pollen. Fields of cereals and grasslands

are more clearly represented. In general, the landscape

appears to have become more open. The uppermost pollen

horizon rich in tree pollen may be interpreted as a trans-

gression (flooding) phase, because the pollen spectrum

resembles the pollen spectra of the lake marl.

Even if the conifer pollen is proportionally depressed in

the diagram by the high amount of cereal pollen in DS 6,

we can expect that a woodland vegetation dominated by

Pinus sylvestris was still extant in the wider surroundings

of the settlement. The slightly raised values for Artemisia

combined with Centaurea jacea, C. scabiosa and further

NAP indicate the presence of grassland, while Filipendula

points to wetlands and wet meadows in the lakeside area.

On the basis of the diagrams, it is however impossible to

estimate how extensive the clearance was in reality. Nor

can we confirm the existence of drier and cooler weather

conditions towards the end of the settlement phase, com-

bined with dense forests, as postulated by Motuzaite-Mat-

uzevičiūt _e (2007).

Lake levels, hiatuses and environmental conditions

prior to the establishment of the L1

The area that was later settled stood under water at least

from the Late Atlantic period, causing the formation of

lake marl. Deposits earlier than those of the Atlantic period

were not reached in the sampling. The two AMS dates of

the early Subboreal (4,855 BP, 3710–3630 cal BC) and 4,785

BP, 3650–3510 cal BC) are located only 40 and 30 cm

respectively under the cultural layer but are some

2,500 years older. Assuming a continuous rate of sedi-

mentation, at least 1.25 m of lake marl should have accu-

mulated in this time span (Wick and Rösch 2006). Recent

experiments in Lake Arendsee in northern Germany gave

an even higher average sedimentation rate of 5 mm per

year, although this involved widely different rates of sed-

imentation, depending, among other factors, on the

topography of the lake bed (Scharf et al. 2009). Even

though we cannot transfer these recent findings onto the

sedimentation sequence of Lake Luokesa, it seems highly

likely that the low thickness of sediments there indicates

that parts of the sediments under the cultural layers are

missing. We must assume a hiatus estimated to have lasted

at least 1,000 years.

This hiatus may have emerged due to low lake levels

documented in Lithuania (Antanaitis-Jacobs et al. 2002;

Kabailien _e 2006b). No lake marl accumulated on the

peninsula that was settled later, or the lake marl deposits

were washed away during the lowering of the lake level. As

the peninsula falls away towards the deeper lake basin, it is

not inconceivable that layers slid off. The LALU104 core

was nevertheless taken some 40 m from the edge of the

peninsula.

The pollen curves of the L1 diagrams (DS 1 and DS 2)

follow a steady pattern in the Atlantic and Subboreal

periods up to a few cm below the cultural layer and show

no hiatus. A certain amount of homogenisation of the

pollen spectra through smaller shifts in the layers is not
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excluded. But, as pollen diagrams from the wider region

demonstrate, there is no evidence for major changes in the

vegetation at this time, a situation that is in accordance

with our observations. This makes the identification of a

hiatus more difficult (Stančikait _e et al. 2002, 2004).

There are indications of a hiatus only in the palyno-

logical examination of the sediments at the transition from

the lake marl to the cultural layer (DS 3) carried out at 1 or

2 cm intervals, a little below the cultural layer. The curves

that oscillate strongly from horizon to horizon consistently

in all five diagrams suggest the existence of sedimentary

conditions changing repeatedly and over a short time. A

general decline in Picea and a marked increase in Betula

are visible in all the diagrams, and in three diagrams an

increase in Alnus is also observable. This could be an

indication that the lake level was getting lower and that the

settlement was emerging on the shore of the lake. The very

high pollen concentrations and the widely oscillating

curves of the vesiculate pollen of Pinus and Picea suggest

that the site was located in an area of alluviation of the

shore. A further indication is provided by the somewhat

greater presence of pollen of aquatic plants. The low pollen

concentrations for the lake marl recorded in samples 6

(LALU13) and 8 (LALU15) at the limit of DS 2 point to

poor preservation conditions, which may well have been

caused by the layers being temporarily dry. The lowest

samples from the cultural layers also exhibit horizons that

are poor in pollen in all 4 diagrams, further indicating that

the layers were drying out. It is likely that these fluctuating

and low lake levels resulted in hiatuses. Dropping water

levels are also proved in the second half of Subboreal in

Lakes Duba and Pelesa (Šinkūnas et al. 2005). The pre-

sence of a hiatus a little below the cultural layer, at the

transition from DS 2 to DS 3, is thus documented by pollen

analysis in all diagrams. It is possible that this hiatus

encompasses the entire time span estimated above to have

lasted some 1,000 years, or at least its later part, and it is to

be assigned to the middle or late Subboreal. A number of

lakeshore settlements in Central Europe have produced

evidence of hiatuses located below their cultural layers

(Liese-Kleiber 1976, 1985; Haas and Magny 2004). The

sequences of sediments in littoral milieus are however

likely to be far more complex than those we can elicit from

pollen diagrams.

Lake levels, hiatuses and environmental conditions

at the time of L1

After the drop in water levels in the Subboreal and the

hiatus proposed here (DS 2/DS3), the peninsula was left in

the alluviation zone of the shore area. The surface of the

lake marl was left free of water and dried out at certain

times, as for example immediately prior to the settlement

episode. The pollen spectra at the base of the cultural layer

produce evidence of the conditions prevailing just before

and at the time of the establishment of the settlement.

Pollen from aquatic plants is recorded in the diagrams

from Luokesa most often at the transition between the lake

marl and the cultural layer (DS 3/DS 4). It seems that the

settlement lay only for a limited time in the vicinity of the

belt of aquatic plants that grew in shallow water (DS3).

Reed or sedge belts did not become established locally, as

pollen of Cyperaceae and wild grasses in which Phragmites

is subsumed exhibit only low values.

In the lower part of the cultural layer (DS 4) certain

aquatic plants appear, and the good preservation of the

pollen also points to a permanently damp environment. It

may be possible to identify seasonally deposited layers on

the basis of the pollen spectra, as has been shown on Lake

Constance in Switzerland (Brombacher and Hadorn 2004).

But this was not the case here, and a certain amount of

mixing of the sediments through wave action or through

human activity is likely. In LALU15 (sample 27) and

LALU13 (sample 18) the peaks of Pinus and the high

pollen concentration could point to alluviation in the shore

area; a short hiatus may be a possibility here.

A phase of desiccation of the sediment, visible in both

cultural layer diagrams, is observable at the upper limit of

DS 4 (LALU15: samples 38 and 42, LALU13: samples 28

and 29). The evidence for this is comprised of an increase

in Alnus, Betula and Corylus pollen, as well as higher

values for particularly corrosion-resistant types such as

Tilia and Trifolium pratense-type (Burga and Perret 1998),

as well as low pollen concentrations. The sediment is sandy

and hence an accumulation of sand brought by water is

possible. Immediately above that the NAP increase

abruptly, especially that of Cerealia. The phase of drying

up of the sediments, combined with the sudden growth of

the pollen curve, suggests that a short hiatus is likely. In

LALU4 the concentrations and preservation of the pollen

in DS 4 is markedly worse than that in LALU15 and

LALU13, suggesting an intermittent phase of desiccation.

It is possible that this is due to the location of the core,

which was taken slightly further towards the open lake (see

Fig. 3).

In the section above (DS 5) there is almost no pollen of

aquatic plants indicating the presence of open water.

However the pollen preservation is good, implying a per-

manently damp depositional milieu. The pollen spectrum is

very high in NAP caused by the accumulation of material

through human and livestock activity. Moreover, the set-

tlement was not located in a sedge belt. The vegetation of

the lakeside area is represented far more by the occurrence

of Filipendula, Mentha and Salix. Another indication that

water levels fluctuated is observable in the uppermost part

of DS5, Pinus and Picea having higher values in both
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diagrams (LALU15 sample 68; LALU13 sample 60). The

pollen spectrum is similar to that of the lake marl and

indicates flooding.

Fluctuations in the water level are also visible in the

upper part of the cultural layer (DS 6). The charcoal con-

tent of LALU15 (sample 76) is particularly high and the

pollen concentration is very low, which could indicate fire,

desiccation and a hiatus. The material above this section is

partly disturbed, sandy and possibly recent (no pollen

analysis was undertaken).

The pollen analysis indicates that generally damp con-

ditions prevailed on the settlement site, interrupted by short

periods of complete desiccation, suggesting that there were

short-lived phases of fluctuating lake levels. It is also

conceivable that episodes of flooding from streams in the

hinterland occurred over the short term, but this is not

demonstrated by the pollen diagrams and is unlikely to

have happened, given the location of the settlement on the

peninsula. The Subatlantic, which had more rainfall and

was warmer than today, is generally characterised by

higher lake levels once again (Kabailien _e 2006b). The

settlement of L1 was flooded too, as shown by the sedi-

ments above the cultural layer, but it is not possible to

determine when this took place or whether this flooding

was the cause of the site’s abandonment.

Provenance of the material in the cultural layer of L1

The pollen evidence provides insights into the provenance

of materials that were brought to the settlement. As

described above, the pollen spectra of cultural layers are

composed of two elements, the air-borne or water-borne

natural pollen rain and the pollen that reached the settle-

ment through various human and animal actions (Heitz-

Weniger 1978; Ammann and Liese-Kleiber 1980; Richard

1993). We assume that the natural pollen rain that reached

the L1 cultural layer is roughly similar to that of the

underlying lake marl. This refers mainly to the arboreal

pollen and to the pollen of wild grasses, since these are

anemophilous. But when it comes to the provenance of

organic material in cultural layers, the air-borne pollen rain

has little to contribute, and we have to draw our conclu-

sions from pollen brought in by people and domestic ani-

mals. The high values for cereals indicate that grain was

harvested ripe and brought to the settlement for threshing.

Being autogamous (self-pollinating), the pollen grains

remain in the ears of cereals and are only freed by

threshing. Such threshing remains with cereal pollen then

become embedded in cultural layers together with pollen

deriving from weeds of the field. At L1 it is highly likely

that pollen of Brassicaceae is representing Camelina,

which is very frequently found in the form of macrore-

mains (Pollmann 2014). The rich spectrum of pollen of

grassland species suggests that fresh or dried grass was

brought to the settlement as fodder. The Alnus woodland on

the edge of the lake and the wet meadows were a further

source of material. Finally spores of Polypodiaceae (ferns)

as well as pollen from Sambucus (elderberry) and Viscum

(mistletoe), probably gathered with moss from the forest,

also ended up in the cultural layer.

Dung constitutes a further component, and it is docu-

mented in the cultural layer of L1. Cattle and sheep/goat

dung has been studied in the context of a number of Central

European cultural layers (Akeret et al. 1999; Rösch 2002;

Haas 2004; Kühn and Hadorn 2004; Haas and Wahlmüller

2010; Kühn et al. 2013). The 4 dung samples from the L1

(LALU15) correspond to the findings of these studies,

exhibiting in particular extremely high pollen values for

certain taxa. Moreover only a few species are represented,

which is typical of sheep/goat coprolites as opposed to

cattle dung (Kühn and Hadorn 2004). When comparing the

dung pollen spectra with the pollen spectra from the same

horizon of the LALU15 diagram, considerable differences

come to light (see diagram LALU15-Cop, Fig. 10). The

cultural layer sample has a very diverse pollen spectrum in

contrast to that of the dung. Consequently, the cultural

layer cannot only represent a collection of dung (Haas and

Wahlmüller 2010); instead material was introduced into the

settlement in other ways. Moreover, some of the pollen

spectra of the cultural layer strongly dominated by one

pollen type could reflect the remains of dung that is no

longer identifiable. Sample 11 (Fig. 10) strikingly resem-

bles the spectrum of the corresponding horizon; it is

therefore doubtful whether this sample represents dung.

Human impact in the Luokesa region

It is not possible to directly estimate the extent of clearances

and the size of cultivated plots on the basis of NAP per-

centages in the diagrams referring to cultural layers (on-site

diagrams), since a great deal of pollen reached these layers

through human action. Off-site diagrams, from which it

may be possible to carry out such an exercise, unfortunately

do not exist for the Luokesa region. Nevertheless the pollen

diagrams from the cultural layer provide certain indications

concerning human impact. The spectrum of pollen types

present in the cultural layer can be interrogated qualitatively

in terms of this human impact because it gives an indication

of what plant communities grew in the vicinity of the set-

tlement. The larger the number of species in the plant

community is, the more important its extent.

In the lake marl below the cultural layer, i.e. in the

Subboreal (DS 2), there are hardly any indicators of

clearance. It is only in DS 3 that the NAP from all eco-

logical groups increase, suggesting that people were

already living in the area and clearing woodland before the
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establishment of L1. In the pollen diagrams of DS 3 it is

mainly wind-borne pollen, such as that of wild grasses,

Plantago and Artemisia that is present, and only a few

isolated cereal pollen grains are recorded. That riparian

woodland grew on the lakeshore is more clearly attested by

the presence of Alnus pollen. Betula exhibits higher values

too and probably spread on newly cleared land or possibly

in lakeshore woodland.

Both diagrams (LALU13, LALU15) show that the upper

part of the cultural layer is rich in species of weeds

accompanying cultivation (Segetalia), together with high

values of cereal pollen, suggesting that the fields expanded.

Likewise, in the upper part of the cultural layer the

diversity of grassland plants increases slightly, which

suggests an expansion of pastures. This points to a stronger

intervention in the original vegetation. However, the rud-

eral plants (Ruderalia), which are light- and nutrient-loving

species, are well represented but do not show a change

from the lower to the upper part of the cultural layer. If the

time of settlement is as short as assumed, this is not

astonishing. The transformation of the vegetation cover

was not only due to people but also to water levels. The

shore plants, especially the trees and shrubs Alnus, Salix

and Betula, most probably benefited from the lowering of

the lake level and the freeing up of its banks. At the same

time some herbaceous species, i.e. the lakeside species,

were better able to spread in the clearings on the shore.

As for grazing areas and seasons, the analysis of the 4

dung samples (Fig. 10) produced the following result: each

of the 4 samples reflects different grazing areas in different

seasons, a situation that has also been documented in

Switzerland (Haas and Hadorn 1998). The lowest sample,

Cop11, indicates that animals grazed on meadows or arable

land in early summer (Betula, Cerealia, Poaceae). The

sample Cop12 reflects grazing in lakeshore woodlands in

spring (Alnus, Betula); Cop13 derives from meadows

grazed in high summer (Apiaceae, Cichoriaceae) while

Cop16 is indicative of water meadows grazed in summer

(Epilobium, Fabaceae). This pattern also shows that live-

stock was present in the settlement during the growth

season. However, pollen spectra of winter fodder, as found

in some dung samples in the settlement of Arbon Bleiche 3

in Switzerland (Haas 2004; Kühn and Hadorn 2004), were

not attested in the 4 Luokesa samples.

Comparison of the pollen diagrams from L1 with pollen

diagrams from other contemporary settlements

Through lack of investigations of cultural layers there are

hardly any diagrams comparable to those of L1 in the

b Fig. 10 Pollen bar diagram, Lake Luokesa 15, coprolites and

corresponding cultural layers
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literature of Lithuania. The two diagrams from the

archaeological sites of Zemaitiske 2 and Turlojiske do not

contain any cultural layers with organic material (An-

tanaitis-Jacobs et al. 2002). Moreover, the dating of the

cultural layer at Zemaitiske 2 is ambiguous, indeed pollen-

analytical and archaeological indications do not coincide.

The two diagrams can therefore only give a general idea of

the overall development of the vegetation in the Late

Holocene, as repeatedly documented (Kabailien _e 2006a,

2010). In addition, they show that the landscape was

opening during the Subboreal and the Subatlantic. The

latter period is also the period in which an opening of the

landscape took place at Luokesa. The investigations at the

lakes of Wigry and Mazuria in northeastern Poland also do

not represent cultural layers; there are only off-site dia-

grams (Filbrandt-Czaja 2000; Wacnik 2009). The diagram

of Wigry lake is well radiocarbon dated, and although it

shows human impact elsewhere, hardly any is seen within

the EIA (Kupryjanowicz 2007; for more recent data from

the Masurian lakes see Wacnik et al. 2014).

A LBA cultural layer represented by a sediment fill in a

wooden structure of the settlement of Bruszczewo II

located on a former oxbow-lake south of Poznan in western

Poland was investigated by Haas and Wahlmüller (2010).

Although the settlement site is far from L1 and located in a

different phyto-geographical territory, the anthropogenic

indicators in the pollen diagram are the same. Plantago

lanceolata, P. major, Polygonum aviculare, Artemisia,

Chenopodiaceae and Cichoriaceae show high values and

indicate land clearing activity contemporary with L1. In

contrast to L1, the rather low cereal pollen values obtained

(less than 10 %) suggest that the threshing area was located

at some distance from the settlement.

In Central Europe too there are few lakeshore settlements

dated to the LBA and EIA, in contrast to the Neolithic period.

The results of pollen analyses carried out at the former sites

show in general that land clearances and meadows expanded

compared to the Neolithic (Haas and Hadorn 1998; Heitz-

Weniger 1978; Gauthier and Richard 2009; Laine et al. 2010;

Wiemann et al. 2013). Cereal pollen tends to fade somewhat

into the background in this late phase of lakeshore settle-

ments and exhibits consistently lower values than those

present in Neolithic settlements. This does not necessarily

mean that cereal fields became smaller; in general, the

landscape appears to have become more open. The investi-

gations at L1 do not contradict this model.

In off-site diagrams from Central Europe, a climatic

deterioration after 800 cal BC is frequently documented. In

parallel with the flooding of the lake dwellings a decline in

anthropogenic indicators is visible (van Geel et al. 1996;

Haas and Hadorn 1998; Burga et al. 2001). However, there

is also evidence of an increase in anthropogenic indicators

and a massive decline in tree pollen at some locations on

both sides of the Alps around 650–400 BC, i.e. during the

Iron Age (Hallstatt D) (Tinner et al. 2003) which corre-

sponds to the period of L1. Along with cultural factors,

changing climate and geographically unsynchronised fluc-

tuating lake levels may well have caused the permanent

abandonment of the lakeshore settlements.

Conclusions

The history of the woodland vegetation encompasses here

the period spanning from the Late Atlantic (ca. 6,000 BP, ca.

4900 cal BC) to the early Subatlantic. Coniferous forests were

dominant in the late Atlantic and Subboreal, with abundant

Pinus and some Picea. The low NAP (Artemisia, Poaceae)

indicate mostly dense forest vegetation. The curves for tree,

shrub and herbaceous pollen hardly oscillate until just below

the cultural layer accumulation and hence point to stable

conditions. Alnus woodland spread along the lakeshore

before the beginning of settlement, most probably as a result

of a lowering of the lake level. Whether Betula also grew in

the damp shore area or whether it spread as a pioneering

species on newly available land remains an open question.

The coniferous forest became more open during the period of

occupation of the settlement in the Subatlantic and mixed

deciduous woodland increased. The proportions of all pollen

types, which now oscillate widely, indicate that conditions

were disrupted by human impact as well as by fluctuations in

the lake level.

Water plants did not grow right next to the settlement

Luokesa 1, and extensive reed beds did not surround it.

Plants of wet meadows, Alnus and perhaps Betula trees

grew on the shore of the lake at some distance from the

settlement. Grassland and arable land became significant

only once the cultural layer began to form and then

increased in diversity and extent.

A little below the cultural layer, a hiatus of the order of

about 1,000 years is most likely. Before the start of L1 the

level of the lake dropped and the settlement was built on

dry or damp ground and not above open water. During the

occupation period the subsoil generally remained con-

stantly damp. However, three phases of desiccation, as well

as an influx of sand, could be detected.

In the cultural layer no continuous sedimentation of

material exists, as the material was brought at irregular

intervals to the settlement area by humans and livestock.

Consequently sometimes high and fluctuating values of

NAP such as cereal, Trifolium and Centaurea pollen occur.

The results from the dung samples show that the cultural

layer was formed partly from manure and partly from other

extraneous material. Nevertheless the horizons show con-

stant pollen spectra over several metres horizontally, which

is probably indicative of the balancing effect of the water.
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An upper and a lower series of layers are separated by a

horizon with low pollen concentration (desiccation, sand

influx). This could correspond to two settlement phases;

this however is not proven.

Since the relevant material above the cultural layer is

absent in the cores, it is not possible to refer to develop-

ments after the occupation period. But since lake sediments

cover the cultural layer, we can conclude that the lake level

rose again and we can assume that it was the cause for the

abandonment of the settlement. In the cultural layer itself

no signs of change in the pollen curves can be distin-

guished towards the end of the settlement period. The

marked increase in charcoal particles, accompanied by low

pollen counts in the two uppermost samples (LALU15, 76

and 78) may however indicate that the settlement was

destroyed by fire before it was flooded.

Acknowledgments I thank Lucia Wick for her valuable assistance in

determining pollen types as well as for drawing the diagrams. I am also

indebted to Willy Tinner, who enabled the chemical processing by

Florencia Oberli of the samples in the laboratory of the University of

Bern. For stimulating exchange and discussions, I thank Kristin Ismail-

Meyer, Britta Pollmann, Elena Pranck _enait _e and Niels Bleicher. Many

thanks go to the project managers, Stefanie Jacomet, who contributed

many ideas, and Francesco Menotti, who initiated the project. The

support of the Swiss National Science Foundation who financed the

project ‘Understanding human occupation in later prehistoric Europe’

(K-13k1-117893) is gratefully acknowledged. For translation into

English I thank Patrick Stäuble and Madeleine Hummler.
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Kühn M, Hadorn P (2004) Pflanzliche Makro- und Mikroreste aus
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