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ABSTRACT: The Holocene sediment of Lago Piccolo di Avigliana (Piedmont, Italy, 356ma.s.l.) was
dated by 14C and analysed for pollen to reconstruct the vegetation history of the area. The early- and
mid-Holocene pollen record shows environmental responses to centennial-scale climatic changes as
evidenced by independent palaeoclimatic proxies. When human impact was low or negligible, con-
tinental mixed-oak forests decreased at ca. 9300 BC in response to the early-Holocene Preboreal cli-
matic oscillation. Abies alba expanded in two phases, probably in response to higher moisture
availability at ca. 6000 and ca. 4000 BC, while Fagus expanded later, possibly in response to a cli-
matic change at 3300 BC.
During and after the Bronze Age five distinct phases of intensified land use were detected. The

near synchroneity with the land-use phases detected in wetter regions in northern and southern
Switzerland points to a common forcing factor in spite of cultural differences. Increasing minerogenic
input to the lake since 1000 BC coincided with Late Bronze—Iron Age technical innovations and
probably indicate soil erosion as a consequence of deforestation in the lake catchment. The highest
values for cultural indicators occurred at 700–450 and at 300–50 BC, coinciding with periods of high
solar activity (inferred from �14C). This suggests that Iron Age land use was enhanced by high solar
activity, while re-occupation of partly abandoned areas after crises in earlier periods match better
with the GRIP stable isotope record. On the basis of our data and comparison with independent
palaeoclimatic proxies we suggest that precipitation variation was much more important than tem-
perature oscillations in driving vegetation and societal changes throughout the Holocene. Copyright
� 2006 John Wiley & Sons, Ltd.
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Introduction

A deeper understanding of past interactions of environmental
processes and human activities is essential to evaluate
human vulnerability to environmental changes (Maise,
1998; deMenocal, 2001; Oldfield and Dearing, 2003; Brauer
and Guilizzoni, 2004). Therefore increasing attention is
being given by palaeoecologists to Holocene climatic varia-
bility and to possible impacts of past climatic changes on pre-
historic cultures (e.g. van Geel et al., 1996; Messerli et al.,
2000; Oldfield et al., 2003; Tinner et al., 2003; Magny,
2004; Caseldine et al., 2005). Although climate cannot be
regarded as a determining factor for cultural development,

it is of considerable interest to explore the pattern of human
expansion and its possible relation to climatic change
(Berglund, 2003).
Agrarian societies mainly depend on crop yields, which in

turn largely depend on climatic conditions. At present western
European agriculture is highly intensive, and weather is a prin-
cipal source of uncertainty for crop-yield assessment and man-
agement, and therefore seasonal weather forecasts have high
potential value for this region (Palmer et al., 2004). In the sur-
roundings of the Alps, cold and rainy summers cause reduc-
tions in yield and quality in many arable crops and also
affect soil workability, reducing the number of machinery
workdays. This is the main reason for the small area devoted
to cereals in the Alpine countries compared with other
European regions (Olesen and Bindi, 2002). Changes in the
food and energy supply have manifold implications for the
wider economy and society, depending on their ability to
cope with changing carrying capacity of the agricultural system
(Messerli et al., 2000). In the past, although agrarian–urban
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societies were well buffered and highly productive during the
18th and 19th centuries, the vulnerability of grain, wine, and
dairy production to persisting unfavourable climatic conditions
was probably high (Messerli et al., 2000). As shown for the 18th
and early 19th centuries in Switzerland (Pfister, 1998), rainy
summers probably had the most negative consequences on
food output.
For earlier periods, the link between climate and land use is

based on proxy records and archaeological data. Societal
responses to prolonged drought, including population disloca-
tions, urban abandonment, and state collapse have been
inferred for various regions of the world (see, for discussion,
deMenocal (2001)). In central Europe conspicuous decreases
of archaeological finds in France, Germany, and Switzerland
around 800 and 400 BC were interpreted as climatically driven
by Maise (1998). He compared these spatial reorganisations of
material culture with climatic proxies such as �14C, glacier
oscillations, and palynological records and concluded that pre-
historic societies were strongly affected by relatively minor cli-
matic changes. van Geel et al. (1996) came to a similar
conclusion for the Netherlands. The relationship between
changing atmospheric concentration of 14C and European cli-
mate seems in fact rather striking for some periods (e.g. 800 BC

and Little Ice Age cold events), suggesting that these climatic
variations may have been driven by temporary declines of solar
activity (Mauquoy et al., 2004). In contrast, Tinner et al. (2003)
observed that with the exception of the period 1100–300 BC no
convincing match could be found between pollen and �14C
data. They suggested that land-use phases in northern and
southern Switzerland inferred from pollen records 2300 BC to
AD 800 were in better agreement with warmer and drier cli-
matic periods inferred from glacier oscillations, dendroclimatic
records (Bircher, 1986), and Greenland oxygen isotopes (GRIP
�18O) (Johnsen et al., 1997). Tinner et al. (2003) therefore con-
cluded that harvest yields increased as a result of summers with
lower rainfall.
Recent studies have shown that the GRIP �18O record

reflects temperature changes in Greenland, which were mir-
rored by temperature and precipitation changes in central
Europe during the Lateglacial, the early Holocene, around
8200 cal. yr BP, and during the mid- and late-Holocene (Haas
et al., 1998; von Grafenstein et al., 1998, 1999; Schwander
et al., 2000; Tinner and Lotter, 2001; Tinner et al., 2003; Heiri
and Millet, 2005). For this study we therefore assume that the
link between climate in Greenland and in Europe existed dur-
ing most periods of the Holocene.
Many studies suggest that Holocene precipitation changes

had strong effects on vegetation and human societies in the
Alps (Haas et al., 1998; Tinner and Lotter, 2001; Magny
et al., 2003a; Tinner et al., 2003; Magny, 2004; Magny and
Bégeot, 2004; Magny and Haas, 2004). However, it is still
uncertain whether environmental changes at low-altitude sites
occurred in response to changes in moisture availability south
of the Alps. To address this question we utilise a Holocene
pollen record from a lake located in the forelands of the
southwestern Alps, Lago Piccolo di Avigliana. To date this
region experiences low amounts of precipitation and might
therefore be especially sensitive to past changes in precipita-
tion abundance.
In order to infer vegetation changes in response to climatic

variations, we compare our early- and mid-Holocene vegeta-
tion record with the GRIP �18O record (Dansgaard et al.,
1993) and with Alpine palaeoclimatic series (Heiri et al.,
2003, 2004). The Alpine series (chironomid-inferred July air
temperature and timberline oscillations in the Swiss Alps) were
not used between 3000 BC and AD 1000, because human
impact in the Alps probably affected these records (Wick and

Tinner, 1997; Heiri et al., 2003). Subsequently, land-use
phases defined by pollen indicators of human activities at Lago
Piccolo di Avigliana are compared to phases identified in
northern and southern Switzerland (Tinner et al., 2003). These
are then related to independent proxies of past climatic
change, e.g. changes in GRIP �18O (Dansgaard et al., 1993)
and �14C (Stuiver et al., 1998) as a proxy for solar activity, in
order to investigate potential causes for societal changes.

Study area

Lago Piccolo di Avigliana (45 � 030 N, 07 � 230 E, 356ma.s.l.,
60 ha surface area) is located at the boundary between the Po
plain and the western Alps (Fig. 1). It is delimited to the south
by a Riss moraine and to the north by a Würm moraine, depos-
ited by the Val di Susa glacier (Petrucci et al., 1970). The lake is
part of a system of four distinct sediment basins separated from
each other by recessional moraines. The two outer lakes were
filled by lake sediment and by peat that was excavated during
the 19th century (Volta, 1955).The exposed areas were inten-
sively cultivated until the first half of the 20th century. In the
northern area vegetation is dominated by Alnus glutinosa, Salix
sp., Populus sp. and Robinia pseudoacacia and in the Torbiera
di Trana (Fig. 1) by ‘ruderal’ grassland with Rumex sp., Urtica
dioica, Plantago lanceolata, Trifolium pratense and Galium
elatum etc., and by Populus sp. plantations. The woodlands
of the surrounding hills are dominated by Castanea sativa as
well as by Quercus petraea, Corylus avellana, Fraxinus excel-
sior andQuercus pubescens. On the hillsQ. pubescens occurs
frequently on slopes exposed to the south along with other
drought-adapted species (e.g. Opuntia vulgaris, Celtis
australis). Fagus sylvatica and Abies alba are absent in the
hydrological catchment (Tosco, 1975), and their distribution
is limited in the lower Val di Susa to altitudes above ca.
1300ma.s.l. (Mondino et al., 1981).
Total annual precipitation is ca. 880mm (minimum and

maximum were 400 and 1400mmyr�1 for the period 1797–
1987, respectively). Mean annual temperature is 13.0 �C, and
mean temperature of the coldest and warmest months are
2.2 �C (January) and 23.9 �C (July) (Biancotti et al., 1998).
The precipitation regime with separate precipitation maxima
in late autumn and in spring can be explained by latitudinal
oscillations of the North Atlantic Polar Front (Pinna, 1977).
Archaeological data for the Bronze Age and Iron Age around

Lago Piccolo di Avigliana are sparse and mainly undated,
because peat bogs containing pile-dwellings in the surround-
ings of the lake were excavated during the 19th century, in
such a way that much of the archaeological material was
lost (Volta, 1955). In the peat bog at the Torbiera di Trana, pil-
ings of Quercus robur and Ulmus campestris, lithic remains,
bronze objects (e.g. Trana-type axes and a spade) and moulds
all attest to the presence of pile-dwellings in the vicinity of
the lake (Volta, 1955) during the Middle to Late Bronze Age
(De Marinis, 1998), i.e. between 1550 and 800 BC. Agriculture
and hunting activities are indicated by bones of domesticated
(Bos primigenius, Bos taurus, Equus caballus, Canis familiaris)
and wild animals (Sus scrofa and Cervus elaphus) (Volta, 1955;
Sala and Amair, 1998). However, the absence of evidence
for archaeological settlements prior to, or later than, the Middle
to Late Bronze Age cannot be used as a proof of the local
absence of people. Differential preservation of archaeological
material, unsystematic excavation efforts, and/or other causes
might inhibit such conclusions (Maise, 1998). In addition to
archaeological data, undisturbed sediment archives can permit
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continuous palaeoenvironmental reconstructions that are use-
ful to detect human impact on the landscape. Moreover, they
provide insights into the sensitivity of vegetation to climatic
changes for time-intervals previous to the land-use phases in
a region.

Material and methods

Lake sediments were cored from a floating platform with a pis-
ton corer (Merkt and Streif, 1970) 8 cm in diameter in ca.
12.5m water depth. Extruded cores were stored at 4 �C before
subsampling. Samples for pollen and microscopic charcoal
analyses were physically and chemically treated following
Lotter (1988) and stained with Fuchsin prior to mounting in gly-

cerol on microscopic slides. For pollen analysis at least 300
pollen grains were determined at � 400 magnification. Pollen
grains were identified with use of published keys (Punt, 1976;
Moore and Webb, 1978; Punt and Clarke, 1980, 1981, 1984;
Punt et al., 1988; Punt and Blackmore, 1991), the reference
collection at the Institute of Plant Sciences University of Bern,
and photographic material (Reille, 1992, 1995). Pollen
concentrations were calculated by means of exotic markers
(Lycopodium spores), following Stockmarr (1971). Micro-
scopic charcoal analysis followed Tinner and Hu (2003). At
least 200 items (i.e. sum of charcoal particles and exotic mar-
kers) were counted to estimate charcoal number concentration
(CHAR) (Finsinger and Tinner, 2005). Percentages were calcu-
lated on the basic pollen sum of terrestrial plants including
trees, shrubs, herbs, and terrestrial ferns, and excluding pollen
and spores of aquatic ferns and other aquatic plants. Pollen
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zones were determined by optimal partitioning (Birks and
Gordon, 1985), and the number of statistically significant
zones (continuous lines in Fig. 3) was obtained by comparison
with the broken-stick model following Bennett (1996). Addi-
tional zones were added visually (broken lines in Fig. 3).
Weight loss-on-ignition was measured on 1 cm3 sediment fol-
lowing Heiri et al. (2001).
The age–depth model is based on nine 14C dates from terres-

trial plant macrofossils of Holocene age (Table 1) and cali-
brated with Calpal 2003 (Weninger et al., 2003). Calibrated
ages were interpolated (Figure 2(B)) with the program
SigmaPlot 8.0 (SYSTAT software) using a locally weighted
regression (Lowess) smoothing (span¼ 0.3). This calculates a
nonparametric regression that does not assume a particular
function to be fitted to the data (Efron and Tibshirani, 1991).
Different values of span were selected, and the resulting curves
were compared with calibrated ages. The highest span (corre-
sponding to the smoothest curve) was chosen, with modelled

ages never exceeding 2� of the predicted calibrated ages. All
ages are termed BC or AD and are in calibrated years.
Detrended correspondence analysis (DCA) applied to

square-root-transformed percentage data between 3000 BC

and AD 1000 (with detrending by segments, nonlinear rescal-
ing, and down-weighting of rare taxa) revealed a gradient
length of 1.5 standard-deviation units in this pollen dataset,
therefore warranting the use of a linear ordination technique
(PCA, following ter Braak and Prentice, 1988; Ammann et al.,
2000). The principal component analysis (PCA) calculated on a
covariance matrix was used to summarise major vegetation
changes in the square-root-transformed percentage data for this
time interval (Legendre and Legendre, 1998). All ordinations
were carried out with the program CANOCO 4.52 (ter Braak
and Smilauer, 2003).
The detection of human impact on vegetation is based on the

abundance of selected anthropogenic indicators following
Behre (1981): P. lanceolata, Rumex, Urtica, Cerealia, and

Figure 2 (A) Loss on ignition (LOI) as percentage dry weight (%dw)measured at Lago Piccolo di Avigliana. (B) Dating of the Lago Piccolo di Avigliana
core: age–depth model (solid line) and comparison with simple linear interpolation. Full circles indicate the calibrated radiocarbon dates used for the
model. Bars indicate 95% confidence intervals of calibrated ages (see Table 1)

Table 1 AMS-radiocarbon dates on terrestrial plant macrofossils at Lago Piccolo di Avigliana. Calibrated ages are given in cal. yr BP ages (2� interval)

Depth (cm) Laboratory reference Material analysed �13C Reported age Calendar age
(% PDB) (14C yr BP) (cal. yr BP)

175 Erl-4558 Fagus cupula �27.05 1565�43 1480� 220
192 Erl-4804 Leaf fragments of terrestrial plant �28.01 1741�38 1670� 220
335 Erl-4805 2 Fagus bud scales, 1 Quercus bud scale �30.32 3175�51 3400� 100
422 Erl-4803 Leaf fragments of terrestrial plant �26.7 4460�51 5120� 260
481 Erl-4802 Leaf fragments of terrestrial plant �30.52 5230�51 6020� 160
634 Erl-4801 1 Betula fruit, 1 Betula catkin scale, �30.17 8723�63 9740� 260

leaf fragments of terrestrial plant
678–9 Poz-3930 2 Quercus budscales, 3 Betula fruits, �24.4 9290�50 10450�260

2 budscales indet., 1 coniferous budscale
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Secale. Pollen of the light demanding P. lanceolata is well-
dispersed and indicates ruderal places and fallow land, while
Rumex can be a weed of winter cereal crops or an indicator
of pastoral farming (Rumex acetosella t.) or of wet meadows
and pastures (Rumex acetosa t.). Urtica is an indicator for
nitrogen-rich areas in and about habitations, for nitrogen-
rich cultivated areas, and for footpaths and ruderal commu-
nities. Cerealia and Secale pollen indicate cultivation (Behre,
1981).

Results and interpretation

Sediment description and loss-on-ignition

The sediment consists of fine-detritus gyttja (FDG) that shows
distinct millimetre-thick white and dark layers in some sections
(Fig. 2(A)), possibly corresponding to annual laminations. From
725 cm to 650 cm depth (i.e. 10 000–7900 BC), carbonaceous
matter gradually increased and silicates decreased. In the partly
laminated sediment above 650 cm, calcium carbonates
decreased up to 450 cm (ca. 3500 BC) and then levelled off.
Organic matter increased between 480 and 440 cm depth from
20% to 30% dry weight and then levelled off until 320 cm
depth (ca. 1200 BC). Abrupt decreases correspond to turbidites
(e.g. a major one at ca. 330 cm). At 300 cm depth (ca. 1000 BC)
silicates increased to values comparable to the Lateglacial, and
sediment changed to homogeneous FDG from ca. 280 cm to
the top. The greatest amounts of silicates are present in two dis-
tinct sections between 280 and 220 cm depth.

Pollen stratigraphy and vegetation history

Pollen results for AVP 3 (after the Younger Dryas AVP 2f, Fig. 3)
suggest that a temperate continental mixed-oak forest was
established, with pollen of deciduous Quercus reaching ca.
30% of the pollen sum, while Pinus sylvestris and Juniperus
were still present in the catchment (as indicated by stomata)
though gradually decreasing. Artemisia, Poaceae, and Rumex
pollen were still abundant compared to their values later in
the Holocene. Between 9400 and 9300 BC, Artemisia (up to
15%) sharply peaked, while Quercus deciduous pollen and
the sum of trees and shrubs decreased, indicating a transient
opening of the mixed deciduous oak forest (Fig. 4).
At ca. 8500 BC (onset of AVP 4) Corylus pollen gradually

increased, probably reflecting population expansion in
response to a gradual increase in summer insolation (Huntley,
1993; Finsinger, 2004).
Temperate continental forests were followed by a more

moisture-demanding vegetation at ca. 7600 BC. Alnus glutinosa
t. (onset of AVP 5) was important and probably occupied the
flat areas around the Avigliana lakes. Pollen of Pinus sylvestris
t., Artemisia, Rumex, and Poaceae decreased indicating forest
closing. The continuous presence of Humulus/Cannabis t. and
Vitis pollen (produced by riparian forests) is in agreement with
a more humid climate. In Insubrian Switzerland and northern
Italy (Fig. 1), Alnus expanded ca. 7200 BC together with Abies
alba (Tinner et al., 1999), while at Lago Piccolo di Avigliana
Abies expanded about one millennium later than Alnus (onset
of AVP 6; ca. 6800 BC).
Starting from zone AVP 5Quercus,Alnus, andCorylus domi-

nated in the landscape, and less abundant taxa showed oscillat-
ing values. In zone AVP 6 Betula was slightly more abundant
than in previous zones (AVP 4 and 5), while Urtica pollen

was continuously present, suggesting a low but persisting
human impact on the environment since ca. 6000 BC.
The pollen results suggest two major phases of population

expansion of Abies alba, reaching a maximum of ca. 5%
(AVP 6 and AVP 8; 6800–5300 and 4100–3200 BC). These
phases are interrupted by a phase with decreasing pollen
amounts of Ulmus, Tilia and Fraxinus (AVP 7; 5300–4100
BC), while Corylus pollen and Pteridium spores increased,
probably reflecting an opening of the vegetation and the
expansion of disturbance-adapted and light-demanding taxa.
Herbaceous plants slightly increased, but anthropogenic indi-
cators suggest low and unaltered human impact. Although
Abies pollen never reached an abundance greater than 5%, sto-
mata (Fig. 3) prove unambiguously that this conifer was living
in the catchment area, possibly within the mixed deciduous
forest. In addition, the finding of Abies alba needles at
483 cm and 489 cm depth (i.e. ca. 4800 BC) suggests that even
at a lowest pollen abundance of less than 2% Abiesmight have
been present in the surroundings.
Between 3200 and 2900 BC (AVP 9) Corylus increased to

values exceeding the early Holocene hazel maximum.
Between 2900 and 1400 BC (AVP 10 and 11) Fagus, Quercus,
Alnus and Corylus were dominant. However, during AVP 11
Fagus was affected by two decreases (ca. 2000 and ca. 1500
BC) that were accompanied by increases ofAlnus and anthropo-
genic indicators (Rumex, Urtica, P. lanceolata, and Pteridium).
In this zone Carpinus expanded (ca. 1800–1600 BC) and then
decreased together with Fagus from 1600 to 1400 BC. Carpinus
and Fagus re-expanded again ca. 1400 BC along with Ulmus
but diminished ca. 900 BC.
At ca. 700 BC (onset of AVP 13), Alnus glutinosa t. pollen

decreased sharply to low percentages while herbaceous pollen
taxa (P. lanceolata, Rumex, Urtica, Humulus, Cyperaceae, and
Poaceae) as well as Juniperus, Salix, Pinus cembra t. and Alnus
viridis increased. At the top of zone 13 (ca. 500 BC) the first
Secale pollen was found, although macrofossils point to
the presence of cereals during the Bronze Age in southern
Piedmont (Castelletti and Motella de Carlo, 1998). In compar-
ison, in the Lombardy Prealps the first Secale pollen was
detected around ca. 400 BC (Gobet et al., 2000). First pollen
grains of Castanea and Juglans appeared at 600 BC and 300
BC respectively (zones 13 and 15). In comparison, the first pol-
len grains of Castanea and Juglans were detected at ca. 370 BC

and 280 BC in the Lombardy Prealps. Their pollen abundance
increased at AD 80–300 and at AD ca. 15, respectively (Gobet
et al., 2000). At Lago Piccolo di Avigliana the pollen curve of
Castanea and Juglans increased at ca. 50 BC and ca. 300 BC,
respectively. While the differences in the Castanea pollen
increases are small between the regions (i.e. within a century),
Juglans pollen increased significantly earlier at Lago Piccolo di
Avigliana than in the Lombardy Prealps.
According to Krebs et al. (2004) the most likely range of

sweet chestnut in northern Italy prior to cultivation included
the northern Apennines, where Castanea pollen is recorded
since the Preboreal (Accorsi et al., 1998), possibly reaching
southern Piedmont and thus to the proximity of our site.
Archaeological findings of Castanea in southern Piedmont
from the Iron Age and in the vicinities of the Val di Susa from
the late Bronze Age (Nisbet and Biagi, 1987; Nisbet, 1991)
indicate one of the first interactions with chestnut in northern
Italy (Conedera et al., 2004).
During the first millennium AD the tree-pollen curve

increased mainly due to Alnus glutinosa t., then Quercus,
and later Fagus, Carpinus and Castanea. At AD ca. 800,
tree-pollen decreased again, Juniperus, herbs, and Humulus/
Cannabis t. increased, and pollen of cultivated trees (Castanea
and Juglans) was abundant.
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Discussion

Early Holocene to Bronze Age: vegetation
and climatic changes

Apart from site-specific differences, the composition of the
Holocene pollen record of Lago Piccolo di Avigliana (Fig. 3)
can be considered to be typical of an undisturbed lake in the
southern Alpine foreland (e.g. Schneider, 1985; Wick, 1989,
2000; Tinner et al., 1999; Gobet et al., 2000).
Common to almost all pollen records in the southern Alpine

forelands, at Lago Piccolo di Avigliana the increase of mixed
deciduous oak-forest taxa and the decrease of Betula and Pinus
sylvestris were probably caused by increasing temperatures
and moisture availability at the beginning of the Holocene
(Finsinger, 2004). The pollen record shows a short-term
decrease of arboreal taxa between 9400 and 9300 BC (Fig. 4),
accompanied by the sudden increase of Artemisia, indicating
a short breakdown of the deciduous forest (Fig. 4). Taking
into account the dating uncertainties and 14C plateaux (Björck
et al., 1996), it is likely that this forest-opening phase was
caused by the Preboreal Oscillation (PBO) (Behre, 1978). In
the Greenland ice-core records oxygen isotopes decreased

conspicuously, suggesting a marked cooling event at
ca. 11 300–11 150 cal. yr BP (Björck et al., 1996, 1997) (Fig.
4). In the Alpine region, the PBO was recorded at lowland
sites north and south of the Alps (Schneider and Tobolski,
1985; Lotter et al., 1992), and also at several sites with oxy-
gen-isotope records (Eicher, 1987; Schwander et al., 2000). A
statistically significant relationship between pollen and iso-
topes and between chironomids and isotopes during the PBO
was detected in Switzerland at Leysin (Ammann et al., 2000).
In Switzerland and in the southern French Alps this event was
marked by rising lake levels, inferred lower summer tempera-
tures, and higher precipitation (Magny, 2001; Magny et al.,
2003b). After the PBO, vegetation composition remained more
or less stable until the expansion of Abies.
The presence of Abies alba in the catchment of Lago Piccolo

di Avigliana is evidenced by findings of stomata and needles
between 6500 and 3200 BC (Fig. 3). Two distinct periods with
abundant pollen lasted from 6800 to 5300 and from 4100 to
3200 BC (AVP 6 and AVP 8). This presence is striking since
the species today is confined to much higher altitudes in Pied-
mont (above 1300ma.s.l., Mondino et al., 1981). In the north-
ern Apennines, i.e. ca. 100 km distant from Torino, Abieswood
was dated at ca. 9250 BC (Cortemiglia and Pedemonte, 2001),
indicating that this conifer was present in the region before its

Figure 3 Pollen stratigraphy of Lago Piccolo di Avigliana (values in percentages). Only selected pollen types are shown: (a) trees and shrubs; (b)
herbs, spores, and aquatics.
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expansion at Avigliana. In southern Switzerland, Abies pollen
increased at ca. 8200 BC (Tinner et al., 1999; van der Knaap

et al., 2005). Its population decreased in response to a climatic
cooling (the Misox glacier advance dated at 6340� 100 to
5470� 140 BC) at higher elevations (Pian di Signano,
1500ma.s.l., Ticino; Zoller (1960)). In contrast, at low alti-
tudes (Lago di Annone, 226m) Wick (1996, 2000) related
two phases with abundant Abies pollen to cooling events
inferred from glacier advances: the first phase (6250–5450
BC) to the Misox oscillation (Zoller, 1960) and the second
(4150–3850 BC) to the Piora-I oscillation (Zoller et al., 1966).
The hypothesis of Abies population changes in response to
climatic oscillations, however, was extended by Tinner and
Conedera (1995) and Tinner et al. (1999), who provided a
model for both its increases and decreases. Decreases of Abies
were related to natural and anthropogenic forest fires in
response to drier climate, while cool and wet climatic oscilla-
tions, as defined by Haas et al. (1998), diminished the fire sus-
ceptibility and therefore permitted residual Abies populations
to replace early-successional shrubs (e.g. Corylus, Betula and
Alnus). At Lago di Origlio Abies pollen reached ca. 40%, and
five phases of population increase were detected between
ca. 7200 and 3100 BC (Tinner et al., 1999). Lowland Abies
stands disappeared there at ca. 3100 BC, most likely because
of increases in number and area of fires, which led to a deficit
of seed-bearing trees (Tinner et al., 1999).
In comparison with pollen records from sites in the

Lombardy Prealps and in southern Switzerland, at Lago di

Figure 4 (A) Percentage values (continuous lines) and pollen accumu-
lation rates (PAR; dotted lines) of Lago Piccolo di Avigliana (selected
pollen types) for the time-interval 10 000–9000 BC. (B) GRIP �18O
record (Dansgaard et al., 1993) (thin line) and the LOWESS-smoothed
curve (thick line). PBO¼ Preboreal Oscillation

Figure 3 Continued
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Avigliana the abundance of Abies pollen is up to six times
lower, possibly in response to the drier climate in the western
sector of the Po plain. In fact, in southern Switzerland mean
annual precipitation is at present ca. 1600–2000mmyr�1 (of
which ca. 800mm is in June–September) (Maggini and Spinedi,
1996). Lago Piccolo di Avigliana is likely to be at the lower
humidity ecotone of Abies, and therefore changes in moisture
are expected to have played an important role for this drought-
sensitive conifer (Rolland et al., 1999).
Comparison to the GRIP �18O record indicates that the first

Abies population expansion phase partly coincided with a
widespread climatic cooling dated at 8400 to 8000 years ago
(Alley et al., 1997) (Fig. 5). Marked vegetation changes, includ-
ing the expansions of Fagus silvatica and Abies alba, in
response to a change towards colder climatic conditions
inferred from GRIP �18O data (and associated reduced drought
stress) were detected in the northern forelands of the Alps
(Tinner and Lotter, 2001). However, the second Abies expan-
sion phase at Lago Piccolo di Avigliana cannot be matched
to a GRIP �18O-inferred climatic cooling.
The comparison between Abies phases and cooling events

defined for the Alps (Fig. 5(B); Heiri et al., 2004) indicates that
phases of high Abies pollen abundance show a partial temporal
overlap only with event C (ca. 6000 BC), corresponding to the
8200 cal. yr BP event. However, the first Abies phase at Lago
Piccolo di Avigliana was of longer duration (it started earlier
and ended later) than the summer temperature decrease during
event C in the Alps. Dating uncertainties in the records, which
might also explain the disagreement between the second Abies
expansion phase and event E, might cause this temporal shift.
The low resolution of the pollen record between ca. 5700 and
ca. 5200 BC inhibits a statement for the eventual effect of event
D on the Abies population at Avigliana.
After the final disappearance of Abies at Avigliana, Corylus

briefly expanded to values exceeding the early Holocene

between ca. 3200 and 2900 BC (Figs 3 and 5). Anthropogenic
indicators (Urtica, P. lanceolata) were present but did not
increase. No clear evidence of increased fire activity was
detected in our record for this period (Valsecchi, 2005). Still,
a major disturbance had occurred, as indicated by changes in
hazel pollen, possibly due to Late Neolithic human impact,
which often caused only minor disruptions and forest openings
that were rapidly colonised by the light-demanding hazel. At
their dry limit, Abies populations may have suffered even from
small climatic changes or anthropogenic disturbances.
There is no archaeological trace of Mesolithic settlements in

the region around Lago Piccolo di Avigliana (Guerreschi and
Giacobini, 1998). However, starting from the Neolithic, settle-
ments were present in Val di Susa, as attested by Square Mouth
Pottery (VBQ; ca. 5000–4000 BC) and Bell Beaker Culture pot-
teries (Copper Age; 2600–2180 BC) (Venturino Gambari, 1998).
A mixture of VBQ (northern Italy) and Chassey (France) pottery
ornamentation illustrates a proximity to eastern French Alpine
cultures, which persisted into the Late Neolithic. Also pottery
of Copper Age (2530–2290 BC) levels show characteristic fea-
tures with similarities to the Saône–Rhône Culture (Venturino
Gambari, 1998). With the exception of changes such as the
increase of Corylus, human impact on vegetation around the
lake was either absent or too weak to be detected unambigu-
ously in the pollen record of this large lake (off-site record).
However, Neolithic and Copper Age archaeological excava-
tions in Piedmont revealed the use of Triticum vulgare (macro-
fossils) for cultivation (Castelletti and Motella de Carlo, 1998).
Between 4800 BC and ca. 3000 BC Fagus pollen abundance

was low (Figs 3 and 5). Mathematical models of population
growth (e.g. exponential growth curve) can be used to discover
the duration and nature of the phases of tree expansions
(Bennett, 1983). As suggested by the relationship between ln
Fagus PAR (pollen accumulation rates) and age (Fig. 6), its
increase occurred in at least two steps. Before its main

Figure 5 Comparison between vegetation dynamics of Lago Piccolo di Avigliana for the time interval 8000–2500 BC and independent climatic
reconstructions: (A) pollen percentages of selected pollen types; (B) Swiss Alpine records: smoothed chironomid-inferred July air temperatures from
Hinterburgsee (HIN); tree pollen % (AP) and Pinus cembra pollen % (P) from Guillé Rion (GR) (Heiri et al., 2004); black vertical bars highlight minima
and the corresponding 95% age confidence intervals (thin lines) based on the age–depth relationship (Heiri et al., 2004); (C) LOWESS-smoothed GRIP
�18O record (Dansgaard et al., 1993) for the same time interval
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expansion (i.e. ca. 3200 BC) there was a long period of low,
variable values, which probably represent early stages of the
population build-up. This is not an artefact of the age–depth
model, since the relationship between ln Fagus PAR and depth
shows the same pattern. Therefore it is likely that prior to its
main population expansion Fagus was for some reason inhib-
ited (see, for discussion, Valsecchi (2005)). Such population
dynamics were observed in England for Alnus by Bennett
(1983), who suggested that a climatic change initiated its main
expansion. In the GRIP �18O record (Fig. 5(C)) and in the Swiss
Alpine records (Fig. 5(B)) there is no unambiguous evidence for
a climatic change at ca. 3000 BC. However, a major climatic
change around 3300 BC is suggested globally (Magny and
Haas, 2004). Its effects in the Alpine region were glacier
advances (e.g. Baroni and Orombelli, 1996) and rising lake
levels as a response to increased moisture availability (Magny
and Haas, 2004). This climatic change, which corresponds to
the Hypsithermal/Neoglaciation transition, might have
favoured drought-sensitive Fagus trees (Piovesan and Schirone,
2000) in the surroundings of Lago Piccolo di Avigliana. In other
areas in the vicinities of the Alps the Fagus expansion started
contemporaneous with major climatic changes occurring some
millennia earlier (e.g. the 8.2 kyr event; Tinner and Lotter
(2001)).

Land-use phases since the Bronze Age

Later changes in abundance of beech and other deciduous
trees were more clearly related to human impact (Fig. 7). The
pollen record at Lago Piccolo di Avigliana reveals centennial-
scale changes of land use since the Bronze Age (Figs 3 and 7).
Changes in pollen percentage values are generally paralleled
by pollen accumulation rates (data not shown), indicating that
percentage abundance changes reflect real changes of pollen
content.
In order to summarise major changes in this section of the

pollen record, an ordinary principal component analysis
(PCA) was applied to the square-root-transformed percentage
data (Fig. 8). As Euclidean distance between samples is
retained in ordinary PCA (calculated on a covariance matrix),
the distance between samples in a scatterplot of the first two
axes can be interpreted as a dissimilarity measure (Legendre
and Legendre, 1998). In addition, the length of species arrows
in the species diagram is proportional to the standard deviation
of the species, and the angles between species arrows indicate
the covariance of one species with the others in the reduced
space (cos 180 � ¼�1, i.e. perfect negative correlation)
(Legendre and Legendre, 1998). The first two PCA axes
(Fig. 8) explain 49% of the total variance in the data set

Figure 6 Plots showing the relationship between: (a) Fagus PAR values (untransformed and ln transformed) and age–depth model inferred age; and
(b) Fagus PAR values (untransformed and ln transformed) and depth (cm). The earliest point on the plot represents the beginning of the continuous
pollen curve. Fagus PAR values were smoothed with a LOWESS smoother in order to eliminate the noise and to observe the main trends
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(l¼ 0.407 and l¼ 0.084 for PCA1 and PCA2 axes respec-
tively). The first PCA axis clearly separates with increasing sam-
ple scores zones AVP 9–12 from AVP 16, AVP 13–15 and AVP
17. The second PCA axis divides Iron Age zones (AVP 13–15;
with negative sample scores) from Roman Age and Middle
Age zones (AVP 16 and AVP 17; with positive sample scores),
while zones 9–12 (Neolithic to Bronze Age) show big over-
lapping areas indicating their small dissimilarity along
the first two axes. Taking into account the species scores
(Fig. 8(B)), the major vegetation changes in the Avigliana
record between 3000 BC and AD 1000 can be summarised as
a general succession from a forested landscape dominated by
Alnus glutinosa t., Betula, Corylus, Quercus, Fraxinus, Ulmus
and Fagus (Neolithic to Bronze Age) to a disturbed and
cultivated landscape with abundant Rumex, P. lanceolata,
Pteridium, Urtica and Poaceae (Iron Age; AVP 13–15). This
vegetation was followed by a phase with increased cultivation
and a decrease in forested areas, as illustrated by species scores
of Castanea, Juglans and Humulus/Cannabis pollen since the
Roman Age (AVP 16 and AVP 17).
Land-use phases were clearly marked since the Early Bronze

Age (Fig. 7). Increasing long-term trends in anthropogenic pol-

len indicators might reflect more intensive human impact on
the environment (Tinner et al., 2003). At the transition to the
Early Bronze Age agricultural practices changed with the adop-
tion of bronze tools (e.g. sickles) and efficient ox-pulled
ploughs, while in the Iron Age iron ploughs and scythes again
led to higher yields (Jacomet, 1998) and to higher erosion rates,
as for example indicated by the silicate content in the Avigliana
sediment (Figs 2(A) and 7). Two maxima in soil erosion are
recorded (dated 700–500 BC and 300–100 BC) that show a good
overlap with pollen abundance of anthropogenic indicators
(e.g. Urtica, Rumex and Secale) (Fig. 7).
During the first intensive land-use phase detected in our

record (LU-I; 2100–1650 BC; Fig. 7) Fagus decreased initially
(ca. 2000 BC), and pollen abundances for wet meadows and
pastures and fallow land increased (P. lanceolata and Rumex).
In phase LU-II (1500–1350 BC) an increased abundance of
Cerealia t. indicates farming activity. In these first two phases,
trees were still abundant, indicating minor forest openings by
pile-dwellers. In contrast, during LU-III (1000–450 BC), tree
pollen decreased: first Fagus, Quercus and Carpinus and later
(ca. 800 BC) Alnus glutinosa t., illustrating a gradual deforesta-
tion of the surroundings. It possibly reached its maximum

Figure 8 (A) Euclidean distance scatter plot of a principal components analysis (PCA) of the Lago Piccolo di Avigliana stratigraphy between 3000 BC

and AD 1000, and (B) scatterplot of the species scores of selected pollen taxa
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extent with the coppicing of alder carr in the vicinity of the
lake, where ruderal and wet-meadow vegetation expanded
with Rumex, P. lanceolata, and Urtica. Between LU-III and
LU-IV (at ca. 400 BC), peaks of Calluna and microscopic char-
coal particles occurred, and PAR values of most pollen types
increased abruptly (data not shown). Calluna is a strongly
under-represented pollen type whose abundance increases
when the topsoil component increases in response to erosion
(Gedye et al., 2000). The tree pollen curve shows a slight
increase ca. 400 BC, while Rumex, Urtica and Secale pollen
decreased, suggesting a decrease of ruderal and wet-meadow
vegetation and the abandonment of cultivated areas.
At ca. 300 BC to AD 100 (LU-IV) the pollen assemblage was

similar to LU-III, but Secale pollen was continuously present,
so that it is likely that winter cereals had been cultivated since
at least the end of the Iron Age. Alnus increased while Rumex,
P. lanceolata, and Urtica decreased at ca. 100 BC, suggesting
that the previously coppiced alder carrs on wetlands and lake-
shores were possibly abandoned and reoccupied by alder. The
first influence of Roman culture in this region started at the lat-
est in 58 BC, when Julius Caesar passed with his troops across
the Monginevro Pass to Gallia Transalpina (Carraro et al.,
1999). However, the romanisation of the western Alps was
completed only in the year 13 BC when King Cozio I was nomi-
nated praefectus by Augustus and the city Augusta Taurinorum
(Torino) became an important centre for the control of the com-
merce route to France. Surprisingly, during the Roman Empire
and in the early Middle Ages until AD ca. 800, anthropogenic
indicators were low, indicating a different land use, possibly
less dependent on local agriculture in the surroundings of the
lake. This pattern is in agreement with results from the southern
and northern Alps (Tinner et al., 2003).
In summary, land-use phases in the Lago Piccolo di

Avigliana pollen record were dated to ca. 2100–1650 (LU-I),
1500–1350 (LU-II), 1000–450 (LU-III), 300 BC to AD 100 (LU-
IV), and younger than AD 800 (LU-V).

Comparison with land-use phases in the southern
and northern Prealps and with climatic records

Occupation and abandonment (or increasing and decreasing
human population density) of some regions may partly be
explained by climatic changes. For example, Maise (1998) sug-
gested that the coincidence of lower frequency of archaeologi-
cal findings and high �14C may indicate climatically caused
cultural collapses occurring ca. 800–650 and 400–100 BC in
central Europe. Magny (2004) proposed that higher solar activ-
ity (inferred from lower �14C) induced warmer climate and

lake-level depressions in the Alps, which favoured the develop-
ment of prehistoric lake dwellings. van Geel et al. (1996) came
to a similar conclusion for the Netherlands, showing that cli-
matic change in response to changes in solar activity was not
confined to central Europe. Comparisons between tree-pollen
minima in southern and northern Switzerland show some tem-
poral coincidences, pointing to a common forcing for the pol-
len-inferred land-use changes in the region across the Alps
(Gobet et al., 2003; Tinner et al., 2003). Land-use phases as
inferred from low tree pollen and high cultural pollen values
were compared to dendroclimatological series (Bircher,
1986), oxygen-isotope series from Greenland (Dansgaard
et al., 1993) and the �14C record (Stuiver et al., 1998). On
the basis of these comparisons the authors concluded that
phases of intensive land-use coincided with periods of warm
and dry climate. Cold and wet phases corresponded to phases
of land abandonment.
At Lago Piccolo di Avigliana land-use phases were inferred

from anthropogenic pollen indicators and coeval decreases of
tree pollen (Figs 3 and 7). We assume that during positive
phases the forest cover was reduced and replaced by cultivated
land. Land-use phases at Avigliana are in general agreement
with deforestation phases detected in northern and southern
Switzerland (Tinner et al., 2003; Table 2). Phases LU-II and
LU-V are dated to virtually the same age, while phases LU-III
and LU-IV show some timing discrepancies, which might be
due to dating uncertainties in the lake sediment records. Never-
theless, the magnitude, frequency, and timing of events argue
against coincidence. Land-use phase LU-I was recorded at
Lago di Origlio and at Lobsigensee but not at Soppensee and
Lago di Muzzano (Tinner et al., 2003).
Intensified land-use by Iron Age cultures at Lago Piccolo di

Avigliana is shown at ca. 700–450 BC (second part of LU-III)
and ca. 300–50 BC (first part of LU-IV). The good agreement
with the archaeologically inferred phases found by Maise
(1998), i.e. ca. 800 BC and ca. 400 BC, might indicate that his
model of land-use expansions and contractions may also apply
to Lago Piccolo di Avigliana (low Rumex and Urtica pollen at
the beginning of LU-III and between LU-III and LU-IV). Still, the
pattern at Avigliana does not imply that land was completely
abandoned at ca. 800 BC, but rather that only when climatic
conditions were favourable land-use was intensified. Separated
land-use phases north and south of the Alps in the first millen-
nium BC were best depicted at Soppensee (Lotter, 1999), possi-
bly because of its marginal position for cereal production
(Tinner et al., 2003). However, there is no unambiguous evi-
dence for a close link between land-use phases and solar irra-
diance throughout the period of interest (Table 2). In fact, prior
to LU-III irradiance was high but land-use was virtually absent,
while during phase LU-II solar irradiance was low. Instead,

Table 2 Land-use phases 3000 BC to AD 1000 at Lago Piccolo di Avigliana. Major deforestation phases are compared to land-use phases inferred for
northern and southern Switzerland by means of local maxima of cultural indicator pollen (Tinner et al., 2003), *¼detected at two of four sites; to
GRIP-inferred warm climate deviations based on GRIP record (Dansgaard et al., 1993) and dendroclimatological series (Bircher, 1986) (following
Tinner et al., 2003); and to �14C-inferred high-solar irradiance events (see Fig. 7). Ages termed BC years were not specified differently

Land-use Lago Piccolo Northern and GRIP-inferred �14C-inferred
phases di Avigliana southern Switzerland warm events warm events

LU-V AD >800 AD ca. 700 AD ca. 700 AD 250–1000
LU-IV AD 300–100 AD 50–100 AD 50–100
LU-III 700–450 650–450 650–450 650–450

(900) 1100–800
LU-II 1500–1350 1450–1250 1450–1250
LU-I 2100–1650 1750–1650 2200–1500

1950–1900* 2100–1900
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comparison of land-use phases with GRIP-inferred warm
events (Table 2) show a good match for phases LU-I, LU-II,
LU-III, and LU-V, while phase LU-IV started ca. 250 yr earlier
than a GRIP warm event. The match of land-use phases with
GRIP-inferred warm events suggests that climatic changes
might have had an impact on prehistoric cultures in the sur-
roundings of Lago Piccolo di Avigliana.
It is unlikely that temperature changes could have led to fail-

ure in crop harvest at this altitude in the forelands of the Alps
(Tinner et al., 2003). Instrumental data, glacier oscillations, and
reconstructions of lake-level changes show that cooling events
in the Alps were associated with increased summer precipita-
tion (Magny and Schoellammer, 1999; Wanner et al., 2000;
Magny et al., 2003b; Magny, 2004). Rainy summers can have
a negative influence on cereal crop yields, for cereal plants are
adapted to the dry climatic conditions of the Near East (Wright
and Thorpe, 2004). The physiological dependency of Triticum
aestivum (wheat) and reduced grain yield on waterlogged soils
was shown also by field experiments (Stieger and Feller, 1994).
During the eighteenth and early nineteenth century cold
and rainy midsummer had the most negative consequences
in Europe (Pfister, 1998). Losses of grain during storage due
to sprouting, mould and insects could amount to up to one-
third of the harvest when the grain was not properly dried in
the field. Long spells of rain during hay harvests washed nutri-
ents (mainly proteins) out of the hay, and as a consequence
milk output dropped in the subsequent winter and spring
(Pfister, 1998). It therefore seems likely that increased precipi-
tation led to decreased crop yields, and therefore settlements in
the lake surroundings were partially abandoned.
If climatic changes alone determined land-use and land-

abandonment phases, and if lake levels indicated summer pre-
cipitation, then lake levels should have been lower during
intensive land-use phases, while during land-abandonment
phases lake levels would be expected to have been higher. In
the Jura Mountains, the northern French Pre-Alps, and the
Swiss Plateau lake levels were high at 2200–2000, 1550–
1150 and 800–400 BC (Magny, 2004). In northeastern Italy,
Aspes et al. (1998) reconstructed by wiggle matching of den-
drochronological data from Lazise–La Quercia (Garda area)
three lake level depressions at 1950–1850, 1700–1620,
1580–1550 BC. More to the south, at Lago di Mezzano in cen-
tral Italy (Sadori et al., 2004), submerged archaeological settle-
ments were dated to 1250 and to 830 BC, while pollen and
sedimentological analyses suggest marked dry conditions at
Lago di Pergusa in Sicily from 1350 to 850 BC (Sadori and
Narcisi, 2001). This overall dry phase was followed by a
lake-level increase and the abandonment of the settlements
at Lago di Mezzano after ca. 800 BC (Sadori et al., 2004), and
climate returned to moderately dry conditions at Lago di
Pergusa. At the Calderone Glacier (Gran Sasso, Apennines)
the glacial drift covered a soil dated to 900–770 BC, indicating
the start of a cooler and wetter period (Giraudi, 2002).
In summary, lake levels were low from ca. 1200 to ca. 800 BC

north of the Alps as well as in central and in southern Italy.
During this period a land-abandonment phase occurred at
Lago Piccolo di Avigliana as well as in southern and northern
Switzerland (Tinner et al., 2003). Hence it is difficult to
reconcile the contrasting evidence for low lake levels with
the reconstructed cold and wet summer climates (e.g. tree-ring
width and glacier oscillations in the Alps) that could have
accounted for crop losses. One explanation is that lake
levels might have been controlled by winter precipitation,
as suggested by Carcaillet and Richard (2000) and by Heiri
et al. (2004). Alternatively it is conceivable that dating pro-
blems hinder a more precise comparison between the different
records.

Conclusions

The Holocene pollen record of Lago Piccolo di Avigliana
shows environmental responses to some widespread climatic
oscillations. An opening of the continental oak forests during
the early Holocene is inferred to be a response to the Prebor-
eal Oscillation, which caused a short-term temperature
decrease and precipitation increase over northwestern
Europe. The two Abies alba pollen-abundance phases
(6800–5300 BC and 4100–3200 BC) probably coincided with
two cooling events identified in the Alps (Heiri et al., 2004)
and with the 8200 cal. yr BP event in the GRIP �18O record
(Alley et al., 1997), suggesting that higher moisture availabil-
ity favoured the drought-sensitive conifer at this low-altitude
site. The later major mid-Holocene climate event marking the
Hypsithermal/Neoglaciation transition (Magny and Haas,
2004) might have brought increased moisture favouring the
expansion of Fagus at Lago Piccolo di Avigliana. Hence dur-
ing times of low human impact pollen-inferred vegetation at
this site was probably responding to centennial-scale cooling
events.
Starting from the Late Neolithic, five land-use phases were

identified. They are dated from the Bronze Age to the Middle
Ages to ca. 2100–1650 BC (LU-I), 1500–1350 BC (LU-II),
1000–450 BC (LU-III), 300 BC to AD 100 (LU-IV), and younger
than AD 800 (LU-V), and were characterised by decreases in
the tree-pollen curve and increased abundance of anthropo-
genic indicators. If dendroclimatic and glacier records are used
for climatic reconstructions (e.g. Tinner et al., 2003), phases of
higher summer temperatures and lower precipitation in the
Alps coincided with increased human impact in the northern
and in the southern forelands of the Alps, including Lago Pic-
colo di Avigliana. Therefore it is likely that drier summers
favoured the establishment of settlements in the surroundings
of the lake, allowing a more intensive cultivation of drought-
adapted crops such as Cerealia. The comparison of land-use
phases with the �14C record suggests that land-use during
the Iron Age was possibly affected by two low solar irradiance
phases at ca. 800 and ca. 400 BC, but that before or after these
events solar forcing hardly had any effect on Bronze Age and
Iron Age societies. On the other hand, the comparison between
land-use phases and the LOWESS-smoothed GRIP �18O record
indicates that there probably is a link between northern Atlan-
tic climate change, as inferred from central Greenland tem-
perature series, and Alpine societal changes between 3000 BC

and AD 800. However, lake-level records north of the Alps, in
central Italy, and in southern Italy suggest lower lake levels
between ca. 1200 and ca. 800 BC, when a land-abandonment
phase occurred in the Alpine forelands. This seeming con-
tradiction should be addressed by further studies provided
with a more accurate chronology (e.g. varved sediments
(Berglund, 2003)) and with inferences about seasonality of
precipitation.

Acknowledgements We are thankful to Werner E. Stöckli for discus-
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Magny M, Bégeot C. 2004. Hydrological changes in the European mid-
latitudes associated with freshwater outbursts from Lake Agassiz
during the Younger Dryas event and the early Holocene.Quaternary
Research 61: 181–192.

Magny M, Haas JN. 2004. A major widespread climatic change around
5300 cal. yr BP at the time of the Alpine Iceman. Journal of Quatern-
ary Science 19: 423–430.

Magny M, Schoellammer P. 1999. Lake-level fluctuations at Le Locle,
Swiss Jura, from the Younger Dryas to the Mid-Holocene: a high
resolution record of climate oscillations during the final deglaciation.
Geographie Physique et Quaternaire 53: 183–197.

Magny M, Begeot C, Guiot J, Marguet A, Billaud Y. 2003a. Reconstruc-
tion and palaeoclimatic interpretation of mid-Holocene vegetation
and lake-level changes at Saint-Jorioz, Lake Annecy, French Pre-
Alps. Holocene 13: 265–275.

Magny M, Thew N, Hadorn P. 2003b. Late-glacial and early Holocene
changes in vegetation and lake-level at Hauterive/Rouges-Terres,
Lake Neuchatel (Switzerland). Journal of Quaternary Science 18:
31–40.
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thesis, University of Bern, Bern.

Wick L. 2000. Lago di Annone AN-2—Holocene. In XXIV.
Moorexkursion—Excursion Guide, Southern Alps, Wick L (ed.).
Institute of Plant Sciences: University of Bern; 33–37.

Wick L, Tinner W. 1997. Vegetation changes and timberline fluctua-
tions in the central Alps as indicators of Holocene climatic oscilla-
tions. Arctic and Alpine Research 29: 445–458.

Wright HE, Thorpe JL. 2004. Climatic change and the origin of agricul-
ture in the Near East. In Global Change in the Holocene, Mackay
AW, Battarbee RW, Birks HJB, Oldfield F (eds). Arnold: London;
49–62.

Zoller H. 1960. Pollenanalytische Untersuchungen zur Vegetations-
geschichte der insubrischen Schweiz. Denkschrift der Schweizer-
ischen Naturforschenden Gesellschaft 83: 45–156.
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