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Abstract To study the causes of agricultural declines in
south-west Sweden, a multi-proxy study including pollen
analysis, bog surface wetness indicators and aeolian sedi-
ment influx reconstructions was carried out on the Store
Mosse Bog, situated on the coastal plain of Halland. Patterns
of agricultural changes during the past 6,000 years from this
study were compared to one additional site on the coastal
plain (Undarsmosse Bog) and to four sites in the forested
upland region. First, we compared land use activity on the
coastal plain and in upland regions of south-west Sweden.
Three periods with reduced agricultural activities were
observed, primarily in records from the coastal plain. Next,
the causes for these declines were studied by comparing land
use indicators in the pollen records from the Store Mosse
and Undarsmosse peat bogs to independent climatic recon-
structions based on the same core material (past storm
activity based on aeolian sediment influx onto the peat bogs;
bog surface wetness reconstructed from organic bulk den-
sity measurements). Since the climatic reconstructions and
pollen analysis were carried out on the same peat cores, a
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direct comparison between the timing of climatic events and
land use changes was possible. Results indicate that climatic
perturbations prior to ca. 1,000 years ago contributed to or
possibly caused agricultural declines. The agricultural
expansions near the Store Mosse and Undarsmosse bogs
from 3000 to 2600 cal. yrs B.p. ended at the time when cli-
matic proxy indicators recorded climatic instability (from ca
2600 to 2200 cal. yrs B.p.). The same sequence of events was
recorded around 1500 cal. yrs B.p. and from 1200 to
1000 cal. yrs B.p., suggesting a climatic cause for these
agricultural declines as well. The well-known climatic
perturbations associated with the Little Ice Age, however,
did not have a visible impact on agricultural activities. By
this time, advances in land use knowledge and technology
may have drastically diminished society’s sensitivity to
climatic changes.

Keywords Climate variability - South-west Sweden -
Agriculture - Aeolian sediment influx - Bog surface
wetness

Introduction

Both climatic change and human impact have affected the
Holocene vegetation history of north-west Europe. For this
region, a pattern of apparently parallel and similar changes
in land use intensity was observed (Berglund 2003). These
changes were tentatively linked to climatic events recorded
in the North Atlantic region, suggesting a causal link
between climate and land use changes (Berglund 2003). In
a similar study, Gajewski et al. (2006) found seemingly
simultaneous phases of vegetation change across Europe
and North America and also linked these to climatic
changes. According to Tinner et al. (2003), who compared
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land use and climatic changes in the Alpine region from
2300 B.c. to A.p. 800, increases in precipitation were
important drivers of crop failure. Prehistoric and medieval
agriculture in Europe depended heavily on drought-adapted
cereals from the Near East that, under humid conditions,
were sensitive to parasite attacks (Tinner et al. 2003).
Therefore, humid conditions during the growing season
could severely endanger crop yields. The extent to which
climatic factors control land use is, however, still strongly
debated (Berglund 2003). In addition, Messerli et al. (2000)
pointed out that the degree of climatic impact is also
dependent on the vulnerability of a society, which may
change through time.

To test the possible causal link between climatic chan-
ges and land use, chronological uncertainties between
reconstructed vegetation changes and climatic reconstruc-
tions should be minimal. In this study, we compared
reconstructed land use activities near the Store Mosse Bog
site with independent climatic proxies derived from the
same sediment core, thus ensuring chronological consis-
tency between both records. We used organic bulk density
(OBD) measurements, a measure for the degree of
decomposition of the peat, together with aeolian sediment
influx, a proxy reflecting atmospheric circulation vigour.
OBD values record local variations in bog surface wetness,
which are controlled by within-bog processes as well as
regional-scale climatic processes (see discussion in de Jong
et al. 2009). Aeolian sediment influx (ASI) reflects the
number of sand grains transported to the centre of the study
sites by wind action (Bjorck and Clemmensen 2004). ASI
values were shown to reflect regional-scale processes (e.g.
de Jong et al. 2007, 2009), and were interpreted as a proxy
for ‘storminess’ (storm frequency and/or intensity). Similar
data were available from the nearby Undarsmosse Bog site
(de Jong et al. 2006). Both records cover ca. 6,000 years of
vegetation history and climatic fluctuations.

Although much is known about vegetation and land use
changes in southern Sweden (e.g. the ‘Ystad Project’,
Berglund et al. 1991), the coastal zone of Halland is rela-
tively poorly known in this respect. Digerfeldt (1982) and
Digerfeldt and Hakansson (1993) described the Holocene
regional vegetation history of Halland and the palaeolim-
nology (eutrophication) of nearby Lake Sdmbosjon, based
on pollen, diatom and chemical analyses of the lake sedi-
ments. According to this study, human activity became an
important driver of the landscape, vegetation-and limno-
logical changes from ca. 6000 cal. yrs B.P., i.e. the time of
the introduction of agriculture in southern Sweden, but
especially from 3200 cal. yrs B.p. onwards. The particularly
intense human activity in the area from 3200 cal. yrs B.P.
(Bronze Age) was also recognised in the archaeological
record (Digerfeldt and Welinder 1985). In this study, we
first present the pollen record from the Store Mosse peat
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bog, a large bog situated on the coastal plain of Halland,
south-west Sweden (Fig. 1). To study possible regional
patterns of land use changes, we compared the timing of
the development of agriculture during the past 6,000 years
in detail at six sites. Two of these sites are located on the
coastal plain, Store Mosse Bog (this study) and Undarsm-
osse Bog (de Jong et al. 2006), while the other four sites are
in the upland regions of south-west Sweden (Ostra Rin-
garp, Grisavad, Bjirabygget, Virsjo Utmark; Lageras
2007). These results were compared to additional vegeta-
tion reconstructions from the same region (Fig. 1). Finally,
to decipher the possibly causes for agricultural declines,
independently derived climatic reconstructions from the
two lowland sites were compared to reconstructed land use
changes from the same cores.

Study area
Modern vegetation

The province of Halland lies at the boundary of two plant-
geographical zones; the nemoral forest region in the western
part, and the boreo-nemoral zone in the eastern part
(according to Sjors 1965). The remaining forests in the
relatively open landscape of the nemoral zone are domi-
nated by deciduous forest trees, whereas forests in the bo-
reo-nemoral region are mixed deciduous-coniferous, with a
dominance of coniferous trees. Currently, the northern limit
of Fagus sylvatica lies in Halland, as does the southern limit
of Picea abies (Bjorkman and Bradshaw 1996). Due to
large-scale Picea and Pinus plantations, coniferous trees are
currently common in the entire region. The geological
contrast between the coastal plain, with thick till deposits of
silt and sand, and the glacial tills in the east (often with the
underlying acidic bedrock exposed), explains the distinct
difference between the types of vegetation in each area and
the possibilities for agriculture. The coastal plain is cur-
rently dominated by agriculture, mainly crop cultivation. On
elevated ground Picea plantations are common, whereas in
the northern part of Halland Calluna heaths are found along
the coast. Further inland, deciduous forests with beech trees
occur, as well as Picea and Pinus plantations. Although
agriculture is also practiced in the upland regions, at present
the uplands are densely forested and agriculture is more
widespread in the coastal area.

Climate regime

The regional climate in the province of Halland is strongly
controlled by westerly air flow, resulting in mild maritime
conditions with relatively cool summers (16°C July average
temperature) and mild winters (—2°C January average
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Fig. 1 Map showing the
position of study sites
mentioned in the text and used
in Fig. 3: I Store Mosse Bog
(this study), 2 Undarsmosse Bog
(de Jong et al. 2007), 3 Ostra
Ringarp, 4 Bjirabygget, 5
Viirsjo Utmark and 6 Grisavad
(all in Lageras 2007). In
addition the locations of Lake
Sdambosjon (7 Digerfeldt 1982),
Svartemosse (8 Gustavsson

et al. 2009), Yttra Berg (9 Skold
et al. 2010) and the Biskopstorp
forest reserve (/0 Lindbladh

et al. 2008) are indicated. Also
shown are detailed maps of the
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temperature). Precipitation in Halland is relatively low in
the narrow coastal zone, on average 700—-800 mm per year,
whereas values up to 1,200 mm per year are recorded in the
upland region (SMHI 2010, all data are average values for
the time period A.p. 1961-1990). The number of days with
snow cover per year varies from 25 to 75 days. The weather
in all seasons is variable, being controlled by the strength,
position and frequency of passing cyclones (Jonsson 1994).
Storms can be severe in this area, and are most common and
violent in the winter season. Although they have a pre-
dominantly westerly direction, easterly winds of storm force
also occur (Alexandersson et al. 1998; Nilsson et al. 2004).
Easterly winds are related to the presence of a high-pressure
field over northern Scandinavia, which diverts westerlies to
a more southerly position (‘blocking situation’, Jonsson and
Birring 1994). In winter this brings cold and dry north-
eastern air masses into the study area.

Coastal plain sites
The Store Mosse and Undarmosse bogs are situated on the

low-lying coastal plain of the province of Halland, south-
west Sweden (Fig. 1). The coastal plain is ca. 10-20 km

[ = =]
5  10km

wide and the elevation is 10-25 m a.s.l. The deglaciation
of the coastal plain took place around 16000 cal. yrs B.p.
(Lundqvist and Wohlfarth 2001). However, after initial
deglaciation the ice margin fluctuated strongly. This
resulted in the formation of a series of moraine ridges and
thick glaciofluvial and glaciomarine deposits west of the
ice margin (Berglund 1995). Substantial fluctuations of
relative sea level after deglaciation caused considerable
reworking of sediments below the marine limit (situated at
ca 65-75 m as.l.; Berglund 1995). The coastal plain is
characterised by silty and sandy wave-reworked glacial
sediments, in part overlain by dune fields and peat deposits.
Granitic bedrock outcrops reach a maximum elevation of
140 m a.s.l.

The Store Mosse Bog lies at the transition from the
coastal plain to the upland region. The bog developed in an
elongated granitic bedrock basin of ~240 ha (of which
160 ha are covered by ombrotrophic peat). At the coring
location, the width of the bog area was 800-900 m (Passe
1989, 1990). The bog surface is located at 23 m a.s.l. and
drainage is to the north-east. The bedrock slope on
the eastern side of the basin rises steeply to 140 m a.s.l.
The Spannarp terminal moraine system dams the basin on
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the southern end. Isolation of the basin was dated to 10300
4C yrs B.p. (Berglund 1995). The Store Mosse Bog was
subjected to severe peat cutting, resulting in a system of
ditches and ridges across the entire bog surface. Drainage
channels were dug around A.p. 1930, allowing for indus-
trial-scale peat cutting. Total peat thickness at the coring
point was 332 cm. The peat was underlain by gyttja and
marine clays, which were not investigated further. Cores
were taken from a remaining ridge in the central northern
part of the peatland, where disturbance of the peat
sequence was expected to be minimal. Due to the relatively
dry conditions, vegetation on these ridges is dense, with a
dominance of Ericaceae in the field layer. Birch and pine
trees occur frequently, whereas Eriophorum spp. occupies
the wet ditches. To the west of the study site, land use is
dominated by agriculture, whereas to the east large areas
are used for Pinus sylvestris plantations.

The Undarsmosse Bog (ca 120 ha) is situated 2.5 km
from the present coastline and lies at 20 m above sea level.
It has formed in a shallow granitic basin that is flanked by
bedrock hills to the east and west. Drainage occurs to the
north-west and there are no inlets. Organic deposits in the
central part are ca. 330 cm thick and lie on top of marine
clays. Isolation of the basin was dated to ca. 10250 '*C yrs
B.P. by Berglund (1995). The Undarsmosse Bog is an om-
brotrophic bog, with a dominance of Sphagnum spp. in the
bottom layer. In the field layer, Calluna and other Erica-
ceae species are dominant. Low Pinus silvestris and Betula
trees occur in small groups. A detailed description and map
of the Undarmosse Bog can be found in de Jong et al.
(2006). Currently the area around Undarsmosse Bog is
used for intensive agriculture, which is typical of this part
of the coastal plain.

Upland sites

The four study sites (Ostra Ringarp, Grisavad, Bjirabygget,
Virsjo Utmark; Fig. 1) are situated in the upland areas in
southern Sweden, near the province border of Halland and
Skane (Lageras 2007). The area has a hilly topography with
altitudes ranging between 80 and 160 m a.s.l. Bedrock
outcrops (gneiss) alternate with sandy till deposits, whereas
sandy glaciofluvial deposits dominate the valleys. The area
is also rich in peatlands. The most common soils are
podsols and brown earth. Present-day land use is domi-
nated by silviculture, which reflects the relatively poor
natural conditions for agriculture in the area. Forest cover
is approximately 70%, of which the vast majority is
coniferous (Picea abies and Pinus sylvestris).

The Ostra Ringarp study site is a small fen (ca 1 ha) at
100 m a.s.l. Coring revealed that the fen is an infilled lake
that was finally overgrown ca. 200 yrs ago. At the coring
point, organic deposits (mainly gyttja) reached a thickness
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of >600 cm, of which the upper 360 cm were subjected to
pollen analysis. A farm with pasture fields lies close to the
western edge of the peatland. The surrounding vegetation is
entirely dominated by trees (Betula, Pinus and Picea). The
Grisavad study site is situated at an altitude of approx.
100 m above sea level. It is a bog (ca 15 ha) with tree
vegetation of Pinus and Betula. The coring point is only
20 m from the edge, facing the remains of an abandoned
croft. Here, total peat thickness was 145 cm. The entire
peat sequence was subjected to pollen analysis. Today, the
area surrounding the bog is used for silviculture (Picea and
Fagus silvatica). The bog site at Bjdrabygget sits at an
elevation of 120 m a.s.l. The bog (ca 70 ha) has sparse tree
vegetation with scattered dwarf Pinus trees. The bog is
large but the coring point for pollen analysis was situated at
only 30 m from the edge. Here, organic deposits reached a
thickness of 185 cm, of which the upper 96 cm were
subjected to pollen analysis. The area surrounding the bog
is completely forested (Picea and Pinus plantations). The
Virsjo Utmark site is situated at 120 m a.s.l. in an area that
is almost completely forested (spruce and pine plantations)
except for some small pastures. The site is a small bog
(2 ha) with sparse spruce and pine vegetation. The core
was taken at ca. 20 m from the edge. Here, organic
deposits reached a thickness of 200 cm, of which the upper
65 cm were subjected to pollen analysis.

Methods and data
Dating and chronologies

The chronology for the Store Mosse peat record was based on
10 AMS radiocarbon dates on bulk peat samples (Table I;
de Jong et al. 2009). The radiocarbon dates were calibrated
using the IntCal04 calibration data set (Reimer et al. 2004) as
implemented in the OxCal 3.10 program (Bronk Ramsey
1995, 2001). The upper two radiocarbon dates, which
showed anomalously old ages, were excluded from the age-
depth model. Recent sediments (younger than ca. 90 cal. yrs
B.P.) are therefore missing from the sequence. The chronol-
ogy for the Undarsmosse core was based on 14 '*C dates on
bulk peat samples (for details, see de Jong et al. 2006).

The chronologies for Ostra Ringarp, Grisavad,
Bjarabygget and Virsjo Utmark were based on 10, 6,4 and 6
AMS '*C dates, respectively. Terrestrial plant macrofossils,
pollen concentrates and bulk peat samples were used for
dating. Detailed information is provided in Lageras (2007).

Pollen preparation

Pollen preparation for the Store Mosse bog site was carried
out according to standard methods described by Berglund
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and Ralska-Jasiewiczowa (1986) and Moore et al. (1991).
Samples were sieved through a 125 pm mesh prior to
treatment with hydrofluoric acid and acetolysis. Micro-
scope slides were prepared from the residue and pollen,
Sphagnum spores and charcoal particles >25 pm were
counted. For the 52 samples, a minimum of 500 pollen
grains were counted, except at levels with very low pollen
concentrations (>300 grains). All taxa were included in the
total pollen sum. The pollen keys in Moore et al. (1991)
were used for identification, as well as the reference
collection at the Department of Quaternary Sciences at
Lund University. The percentage diagram was constructed
using the TILIA software (Grimm 1992). Prior to zona-
tion, the pollen percentage data were square-root trans-
formed to increase the relative importance of rare species.
Zonation of the pollen diagram from the Store Mosse bog
was based on optimal sum-of-squares partitioning (Birks
and Gordon 1985) as implemented in the program ZONE.
The number of statistically meaningful zones was deter-
mined by comparison to the broken stick (null) model
(Bennett 1996).

Pollen indicating land use

To compare the agricultural development, pollen types
specific to land use were summed for all six study sites
(Fig. 3). As indicators of crop cultivation we used
Cerealia (Poaceae > 40 pum), Hordeum-type, Triticum-
type, Secale and Cannabis/Humulus. At the upland site
Ostra Ringarp, pollen from Avena, Fagopyrum esculentum
and Linum usitatissimum were found in addition to the
previous taxa and included in the total ‘agricultural
indicators’ curve. The additional contribution by Canna-
bis/Humulus was plotted separately since values may be
artificially high; it is known that high Cannabis/Humulus
values can be caused by the retting of hemp plants in
water for fibre production (Bradshaw et al. 1981; Scho-
field and Waller 2005).

Results
Store Mosse peat stratigraphy

The peat deposit consisted of fen peat with Carex remains
in the bottom part (332-307 cm), a middle part
(307-193 cm) composed of fen peat with Eriophorum
bands and an increasing proportion of Sphagnum remains
towards the top, and a top section (193-33 cm) of Sphag-
num peat with a varying degree of decomposition. The top
layer (33-0 cm) represents a re-located layer dated to
~900 cal. yrs B.P., which was most probably taken out
during peat excavation and left on the surface.

Climatic proxies reconstructed at the Store Mosse Bog

The organic bulk density (OBD) reconstruction is shown in
Fig. 2. High OBD values indicate strong peat decomposi-
tion, reflecting dry local conditions. However, OBD values
may also be affected by the plant composition of the peat
(see discussion in de Jong et al. 2009). Here, high OBD
values coincided with increased total pollen concentrations,
supporting the interpretation of OBD as a measure of peat
decomposition. As a proxy for bog surface wetness, OBD
is most sensitive during ombrotrophic conditions, i.e. when
the bog is dependent on the relative amount of precipitation
and evapo(transpi)ration directly to and from the bog sur-
face (de Jong et al. 2009). ASI (aeolian sediment influx)
values for the Store Mosse and Undarsmosse sites are
plotted in Fig. 4. Comparison of both ASI records shows
that ASI peak events occurred almost simultaneously at
both sites, in particular after ca. 3000 cal. yrs B.p. Detailed
climatic interpretations of these ASI records were dis-
cussed in de Jong et al. (2006, 2007).

Vegetation development at the Store Mosse bog site

The pollen percentage diagram for the Store Mosse bog is
shown in Fig. 2, presenting the 36 most common pollen
types. Optimal partitioning resulted in five significant
pollen assemblage zones. Total pollen, Sphagnum and
charcoal concentrations and OBD values are also shown.

Zone I (to 6400 cal. yrs B.p.)

This zone contains only one sample, which was dominated
by Betula, Corylus and Alnus and characterized by extre-
mely high total pollen concentrations.

Interpretation: This zone probably represents the final
stage of lake in-filling, with low sediment accumulation
rates and hence high pollen, spore and charcoal concen-
trations. It was not interpreted further.

Zone 1II (6400-3700 cal. yrs B.P.)

Tree pollen in this zone were dominated by Alnus and
Corylus, whereas Betula, Quercus, Pinus and Tilia also
reached relatively high values. Ulmus and Tilia reached
their maximum values during this time period. Calluna and
Poaceae <40 um dominated the herbs and grasses. Tree
taxa constituted 30-50% of the total pollen percentages,
with even higher peaks related to Befula maxima around
5400 cal. yrs B.p. Herb and shrub taxa, in particular Cal-
luna and Poaceae, represented 50-70% of the total pollen
sum in the lowermost part of the zone, whereas after ca.
5800 cal. yrs B.p. tree taxa increasingly dominated the
vegetation. This period was characterized by high values of
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<« Fig. 2 Pollen percentage diagram from the Store Mosse peat bog

(percentages plotted against an age scale). The zonation based on
optimal sum-of-squares partitioning is shown to the right. Also shown
are the concentrations of charcoal particles, Sphagnum spores and
total pollen. To the right, ash-free organic bulk density (OBD) values
are plotted, a proxy reflecting local to regional-scale variations in bog
surface wetness (de Jong et al. 2009). Note the similarity between
OBD values and total pollen concentrations, in particular after
2500 cal. yrs B.P.

Betula, Alnus, Corylus and Calluna in particular, and a
decrease of Cyperaceae and Poaceae <40 pm. In addition,
total pollen and charcoal concentrations decreased,
whereas Sphagnum concentrations fluctuated strongly.

Interpretation: The high total pollen concentrations and
high values for Poaceae <40 um, Calluna and Cyperaceae
prior to ca. 5800 cal. yrs B.p. most probably reflect a fen
vegetation that was developed by progressive infilling of
the lake that existed earlier. After 5800 cal. yrs B.p.
Sphagnum became an increasingly important peat constit-
uent, as seen in the core stratigraphy. The site was probably
a fen, with a mosaic of vegetation types with dry hum-
mocks covered by Calluna and other heath types and wet
patches occupied by Sphagnum, Poacaea and Cyperaceae.
Scattered finds of Caryophyllaceae, Artemisia, Chenopo-
diaceae and Plantago lanceolata may indicate human
impact in the area after 5500 cal. yrs B.p. The sporadic
appearance of Carpinus points to small-scale forest dis-
turbances around this time.

Zone III (3700-1450 cal. yrs B.p.)

The lower zone boundary was characterised by an increase
in Betula, Alnus, the regular appearance of Fagus and a
decrease in Calluna and Poaceae. Total pollen, charcoal
and Sphagnum concentrations decreased markedly. Tree
pollen in this zone were dominated by Alnus, Corylus and
Betula, whereas Quercus, Tilia, Carpinus and Fagus
occurred regularly at low abundances. Total tree pollen
values varied around 50-70%, with one peak (85%) around
2300 cal. yrs B.p., caused by high Betula values. Dominant
herb taxa were Calluna and Poaceae <40 pm and in the
upper half of the zone also Cyperaceae. Artemisia and
P. lanceolata occurred regularly at low frequencies.
Towards the end of this subzone, Sphagnum spore con-
centrations and Calluna increased markedly.
Interpretation: The initial decrease of Calluna and Po-
aceae <40 um may point to more humid conditions at the
study site. The site was most probably still a fen, with a
mosaic of relatively wet and dry vegetation patches. Alnus
and Betula may have been more common around the
margins of the site. The high Betula peak around 2300 cal.
yrs B.P. coincides with increased total pollen concentrations
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and OBD values. This may indicate the local occurrence of
Betula on the bog during a temporary dry spell. After that,
the increase in Sphagnum concentrations and rapidly
decreasing OBD values indicate the onset of ombrotrophic
bog formation. The bog was characterised by hummocks
with heath vegetation and hollows with Sphagnum. How-
ever, conditions were more humid than before and dry
hummock vegetation was less common.

The occurrence of Artemisia, R. acetosa/acetosella, and
P. lanceolata throughout this zone reflects human impact in
the area. This is also indicated by the continuous presence
of Fagus, which is known to depend on forest disturbances
to establish and expand (Bjorkman and Bradshaw 1996;
Lindbladh et al. 2008). Sporadic finds of Poaceae >40 um
and Secale at the end of this zone point to nearby cereal
cultivation.

Zone IV (1450-600 cal. yrs B.p.)

Tree pollen in this zone were characterized by Betula, Pinus,
Quercus and Corylus, relatively high values for Carpinus
and a steady increase of Fagus and Picea pollen. Tilia and
Ulmus pollen occurred at low frequencies. Calluna
decreased but still dominated the herb taxa, whereas
Cyperaceae increased. Secale and Poaceae >40 pum occurred
sporadically in this zone. Cannabis/Humulus values were
relatively high. Sphagnum concentrations peaked.
Interpretation: The site was an ombrotrophic bog during
this time period and bog surface wetness was generally
high, as shown by the high Sphagnum spore concentrations,
low total pollen concentrations and low organic bulk den-
sity values. The increases of Fagus and Picea indicate a
further strong disturbance of the surrounding forest, pos-
sibly by forest burning; a single charcoal peak was recor-
ded just before the increase in Fagus pollen. Agricultural
activity increased during this time period, with rye
becoming the most important cereal. Cannabis/Humulus
occurred frequently, possibly indicating hemp cultivation.

Zone V (600-90 cal. yrs B.P.)

The pollen assemblages in this zone were initially dominated
by Fagus. Picea values increased. All other broadleaved
trees decreased and Tilia, Fraxinus and Ulmus (almost)
disappeared from the pollen assemblages. Juniperus occur-
red for the first time. After ca. 200 cal. yrs B.p. the assem-
blages were entirely dominated by Calluna. Secale and
Poaceae >40 um occurred at relatively high values.
Interpretation: The decrease of Ulmus, Tilia and Carpi-
nus points to severe forest disturbance. This strongly
favoured Fagus and Picea. Around ca. 200 cal. yrs B.p. the
rapid increase of Calluna reflects the development of
widespread heathlands. Even though Calluna heaths were

already present much earlier in the coastal region (e.g.
Digerfeldt 1982; Thelaus 1989), they became most wide-
spread from 200 to 100 cal. yrs B.p. This expansion has been
observed frequently in the coastal areas of southern Scan-
dinavia (e.g. Bjorkman 2001; Digerfeldt and Hakansson
1993; Lageras 2007; Malmstrom 1939), and has been
attributed to intense land use on poor soils, where grazing
and heath burning resulted in the development of extensive
heathlands (Behre 1981). This is supported by the presence
of Juniperus, a common species on grazed heath (Berglund
1985), and a peak in charcoal concentrations at this time.
This was accompanied by a decrease in Sphagnum and
increased OBD values, reflecting dry local conditions.

Discussion
Patterns of land use variations?

The comparison of land use indicators from the lowland
sites (Store Mosse Bog, Undarsmosse Bog) and the four
upland sites (Ostra Ringarp, Grisavad, Bjirabygget, Virsjo
Utmark) is shown in Fig. 3. It should be kept in mind that
dating uncertainties vary strongly between sites and over
time. More information on the chronological control at the
different sites is provided in Table 1 (Store Mosse Bog, de
Jong et al. 2009; Undarsmosse Bog, de Jong et al. 2006; all
upland sites, Lageras 2007). In addition, it is important to
note that due to the low pollen productivity and dispersal of
cereal pollen in particular (e.g. Gaillard et al. 2000; Sugita
et al. 1999), the true extent of agricultural land use is
greatly underestimated in the pollen percentage values
presented in Fig. 3. An additional difficulty in the com-
parison of vegetation reconstructions from different sites is
related to the relevant source area of pollen (RSAP, sensu
Sugita 1994). As listed in the site descriptions, the sizes of
the upland and lowland peat bogs differ considerably,
which affects the RSAP (Sugita 1994). For southern
Sweden, in a setting with traditional land use and associ-
ated taxa composition, Hellman et al. (2009) found that the
RSAP for lake basins with a 25-250 m radius (ca 0.2-2 ha
assuming a circular basin) ranged between 1,200 and
3,000 m. In this study, we compared vegetation recon-
structions from sites within this size range (Virsjo Utmark,
Ostra Ringarp) with data obtained from much larger sites.
Moreover, the relevant source area of pollen may vary over
time at a given location as demonstrated in Hellman et al.
(2009), which they tentatively associated with changes in
patch size and spatial distribution of patches. Vegetation
patch size and the spatial distribution of patches probably
differ between the upland and coastal regions in this study,
due to the different topography, geology and hydrology and
the resulting suitability for different types of land use in
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Fig. 3 The total percentage of Store Mosse
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Table 1 AMS '*C ages and calibrated ages for Store Mosse Bog
(de Jong et al. 2009)

Depth (cm)  Lab. no. 4c age Cal. age B.P.
(20-range)
4-5° LuS 6409 990 + 50 882 £ 101
26-27% LuS 6410 985 + 40 878 + 83
35-36 LuS 6619 140 £ 40 105 £ 50 or 225 + 60
45-46 LuS 6449 470 £ 40 507 £ 46
70-71 LuS 6411 850 £ 40 743 + 60
105-106 LuS 6412 1145 + 40 1070 + 100
142-143 LuS 6413 1540 + 50 1435 + 100
181-182 LuS 6414 1905 + 40 1830 £ 100
200-201 LuS 6620 2095 £ 50 2045 + 115
223-224 LuS 6450 2670 +£40 2800 + 50
272-273 LuS 6451 3850 £ 50 4280 £ 135
339-340 LuS 6452 5920 £ 50 6760 + 120

 Dates from the top 30 cm were excluded from the age-depth model
(see text)

each region. In addition, since all study sites included in
Fig. 3 are peat bogs, the presence of local vegetation
(growing on the bog) has affected the records to an
unknown extent. Land use in the form of pasture and
grazing on heathlands was not included in this study, since
species such as Poaceae <40 pm, Ericaceae and Cypera-
ceae may have grown on the bogs in the past. These factors
should be kept in mind when comparing pollen records
from different localities, since they indicate that the spatial
scale that is reflected by each record differs and may also
change over time.

Figure 3 shows a comparison of land use indicator
curves for the two lowland and four upland sites. The
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comparison between the upland and lowland sites shows
higher pollen percentages indicating land use in the coastal
zone prior to 1000 cal. yrs B.p. This probably reflects the
favourable conditions for (early) agriculture on the coastal
plains of Halland (silty and sandy clays) in comparison to
the upland regions with frequent bedrock outcrops and
poorer soils. Between 3000 and 2600 cal. yrs B.P., a small
presence of agricultural indicators was recorded in Store
Mosse bog, Undarsmosse bog, Ostra Ringarp and Grisavad,
possibly representing an agricultural expansion. This find-
ing is in good agreement with studies showing forest
clearances and agricultural expansions in, for example,
southern Sweden (from ca 2900 to 2400 cal. yrs B.p;
Berglund et al. 1991), nearby Svartemosse Bog (3450—
2600 cal. yrs B.pP., Gustavsson et al. 2009), Denmark (from
3000 to 2500 cal. yrs B.p.; Rasmussen 2005) and northwest
Europe in general (Berglund 2003). The pollen record from
nearby Lake Sdmbosjon (Digerfeldt 1982, 10 km north of
the Store Mosse bog, size ~25 ha) shows a peak of ter-
restrial herbs and graminids around 2 m depth, which
corresponds to ca 2700 '*C yrs B.p. and thus probably
represents the same time period. The dating of this phase is
complex due to the presence of plateaux in the radiocarbon
calibration curve around this time. Detailed records from
well-dated (annually laminated) Lake Gosciaz in central
Poland show a human impact maximum from 3400 to
2700 cal. yrs B.p. (Berglund 2003). In our reconstructions,
this expansion phase was followed by near-disappearance
of agricultural indicators from the Store Mosse and Ostra
Ringarp records, whereas at Undarsmosse values were
generally low but fluctuating. The Sdmbosjon record also
shows two temporary decreases in the total sum of terres-
trial herbs and graminids, which fall roughly between 2400
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and 2000 '*C yrs B.p. At Svartemosse bog (Fig. 1, situated
ca 10 km east from the Store Mosse bog, size ~2.5 ha),
Gustavsson et al. (2009) recorded a prolonged reduction
of land use indicators in comparison to earlier times from
ca. 2600-1400 cal. yrs B.p., although they did occur
sporadically.

After ca. 2200 cal. yrs B.P., changes in land use occurred
around the same time at a number of sites included in this
study, possibly reflecting the regional character of these
developments. Increases in land use indicators were dated
to 1450-1300, 1000-900, 500-300, and 200-100 cal. yrs
B.P. Declines in activity were recorded primarily at the
coastal sites from 2600 to 2200, 1200 to 1000 and 700 to
500 cal. yrs B.p. (Fig. 3). The pollen record from a small
bog (0.5 ha) near Yttra Berg (Skold et al. 2010), 25 km
east of Store Mosse bog (Fig. 1), shows several similar
features; an expansion phase around 1500 cal. yrs B.p.,
decreased cultural indicators from 1200 to 1000 cal. yrs
B.P. and partial abandonment of fields from 650 to 400 cal.
yrs B.p. At Svartemosse (Gustavsson et al. 2009), cereal
pollen peaked initially around 500 cal. yrs B.p., followed by
a second peak around 100 cal. yrs B.p. Three additional
pollen records from forest hollows in the Biskopstorp
Forest Reserve (Fig. 1, 45 km to the south-east of Store
Mosse Bog) show slightly increasing or relatively high
values from 500 to 300 cal. yrs B.p. but differ otherwise
(Lindbladh et al. 2008). However, it should be kept in mind
that several of the records discussed here were derived
from small bogs or forest hollows, which primarily record
highly localized events. Nevertheless, the above compari-
sons show that several agricultural expansions were
recorded at a number of sites and may therefore reflect
regional-scale events, in particular around 3000 to 2600
and 500 to 300 cal. yrs B.P.

Climatic variability and agricultural declines
at the Store Mosse and Undarsmosse Bog sites

The possible link between climate and agricultural declines
was studied by comparing the pollen-based land use
reconstructions to climatic reconstructions from the Store
Mosse and Undarsmosse bogs. Aeolian sediment influx
(ASI) values were compared in detail to the total sums of
pollen indicating crop cultivation. Since ASI and pollen
analysis were carried out on the same peat cores, there was
no chronological offset between these records. Figure 4
shows the total pollen percentages representing crop cul-
tivation from the Store Mosse and Undarsmosse pollen
diagrams, together with aeolian sediment influx (ASI) data
from the same sites. Also shown are the regional-scale
reconstruction of low effective precipitation and decreased
bog surface wetness (de Jong et al. 2009), and ‘wet-shifts’
as recorded in a number of peat bogs in Virmland (central
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Fig. 4 Comparison of agricultural indicators and climatic recon-
structions. Shown are pollen percentages indicating agriculture from
the Store Mosse and Undarsmosse Bog sites (all pollen types listed in
Fig. 3, including Cannabis/Humulus) compared to aeolian sediment
influx (ASI) values from the respective sites. Vertical bars indicate
regional-scale phases of low effective precipitation, i.e. relatively dry
conditions (de Jong et al. 2009). Also shown are wet-shifts as
recorded in peat bogs in Virmland, south-west Sweden (stars:
Rundgren 2008)

Sweden) by Rundgren (2008). At the Store Mosse and
Undarsmosse study sites, reduced pollen percentages
indicating crop cultivation were recorded around 3000 to
2600, 1500, 1200 and between 700 and 500 cal. yrs B.p.
(the latter most clearly seen at the Undarsmosse Bog,
reduced values at the Store Mosse bog around 500 cal. yrs
B.P. only). The possible causes of these declines will now
be looked at in detail.

For the time period after 3000 cal. yrs B.p., the relative
sequence of events recorded at the Store and Undarsmosse
bog sites showed increased agricultural activity from ca.
3000 to 2600 cal. yrs B.p., followed by climatic instability
(ca. 2600-2200 cal. yrs B.p.; Fig. 4), which coincided with
absent or very few pollen types indicating cultivation. The
climatic instability at this time was characterised by high
ASI values and possibly by increased bog surface wetness
around 2500 cal. yrs B.p. (Rundgren 2008). The parallel
decrease in cultivation and increase in ASI values and bog
surface wetness points to a climatic driver for the agri-
cultural decline. These results differ from the interpretation
by Berglund (2003), who found a seemingly simultaneous
occurrence of climatic changes with increased agricultural
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activities. However, he also stated that ‘the chronological
precision in the correlations between the climate changes
and the settlement/land-use development is still rather
weak.” Although dating uncertainties in the Store Mosse
and Undarsmosse records were large (up to 150 years), the
relative sequence of events recorded at these sites was not
affected by chronological uncertainties.

The period around 2700-2400 cal. yrs B.p. was charac-
terized by a shift to cool and wet conditions in North-West
Europe (e.g. Barber et al. 2003, 2004; Speranza et al. 2000;
van Geel et al. 1996), although the duration of this wet
phase differed spatially. Bakke et al. (2008) showed that
the westerly wind belt predominantly affected southern
Scandinavia between 2800 and 2400 cal. yrs B.p., as indi-
cated by a strong contrast in winter precipitation on gla-
ciers in the north (low precipitation) and south (high
precipitation) of Norway. These findings are generally in
good agreement with the climatic instability reconstructed
at our two lowland sites. The occurrence of a local-scale
agricultural decline may therefore, at least in part, be
attributed to a climatic change to conditions unfavourable
for agriculture. Increased humidity may have caused crop
failures due to parasite attacks (Tinner et al. 2003), whereas
an increase of severe storm frequency or storm intensity
may have caused more frequent damaging of crop fields.
These events would have strongly affected the flat and
open coastal zone. The same sequence of events was
recorded around 1500 cal. yrs B.p.; the agricultural expan-
sions that started already around 1600 cal. yrs B.p. were
interrupted at 1500 cal. yrs B.p., which coincided with
short-lived, high ASI peaks at both sites, and possibly with
increased bog surface wetness as reconstructed from a
number of sites in north-western Europe (Barber et al.
2003). The timing of this locally short-lived agricultural
decline is in good agreement with a number of records
from north-west Europe also showing a decline and
reforestation at this time (Berglund 2003). Wet conditions
accompanied by more frequent or more intense cyclone
activity may have contributed to the temporary agricultural
decline recorded at this time.

Around 1200 cal. yrs B.p. the agricultural expansions at
both sites were interrupted, coinciding once more with
increased ASI values (Fig. 4). Local bog conditions were
dry, whereas both the onset and end of this dry period were
marked by clearly wetter bog surface conditions. Studies
from peat bogs in the North Atlantic region (e.g. Barber
et al. 2003; Hughes et al. 2000) point to a wet-shift
occurring at the end of this dry period. It appears that high
ASI values from 1200 to 1000 cal. yrs B.p. may be related
to atmospheric blocking, causing strong easterly winds and
dry conditions (de Jong et al. 2007). Atmospheric blocking
over northern Scandinavia is associated with cold and dry
winter conditions, since humid and relatively warm oceanic
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air is diverted to the north or south. It may be that these
climatic conditions (more frequent and/or stronger easter-
lies, cold and dry winters) contributed to the agricultural
decline recorded between 1200 and 1000 cal. yrs B.p.

The last phase of agricultural decline was recorded
around 700-500 cal. yrs B.p. Lageras (2007) described this
period in detail and showed that at certain sites (Grisavad;
Virsjo Utmark) cultivation ceased completely, indicating
farm abandonment. A similar agricultural decline was
recorded in a number of records from southern Sweden
(Berglund et al. 2002; Lageras 2007; Skold et al. 2010).
Although ASI values at the Store Mosse Bog were high and
peak values coincided with the local agricultural decline,
this was not the case at Undarsmosse Bog (Fig. 4). Here,
ASI values reached peak values during a period of local
agricultural expansion (around 800 cal. yrs B.p.). Regional
scale effective precipitation was low from ca 700-500 cal.
yrs B.p. (Fig. 3b), but at the Undarsmosse site bog surface
wetness was relatively high (de Jong et al. 2007). It therefore
seems that there were no strong climatic forcing factors that
may explain the regional-scale agricultural decline recorded
at this time. Several authors (Lageras 2007; Myrdal 2003,
2006; Skold et al. 2010) have attributed the agricultural
decline to the Black Death, which affected large parts of
Europe in the 14th century, causing a major population drop.
The general population decline in Europe during the late
14th and early 15th century has been estimated to have been
at least 30% (Livi Bacci 2000), and in Sweden it has been
suggested that population numbers fell by as much as
40-50% (Myrdal 2006) or even 60—70% (Palm 2000, 2001).
The plague hit both central and marginal areas, but it
resulted in long-lasting farm abandonment mainly in forest
regions and other areas with relatively poor natural condi-
tions for agriculture (Lageras 2007).

Agricultural expansions during the ‘Little Ice Age’

An agricultural expansion phase was recorded in all (low-
land and upland) pollen diagrams around 500-300 cal. yrs
B.P. (Fig. 3a). During this period, particularly in the 16th
century, agriculture expanded all over southern Sweden. On
the agricultural plains cultivation was intensified and in
forested uplands new farms and agricultural land were
established. Many farms abandoned during the late-medie-
val decline were now re-established (Lageras 2007). This
was also a period of technological development, for instance
with large-scale iron production, and with a strong devel-
opment of trade (Myrdal 1999a, b). Climatically, this
expansion phase falls into the so-called Little Ice Age,
which started before the early 14th century A.p. in regions
around the North Atlantic (Grove 2001) and ended near the
end of the 19th century. This climatically unstable time
period is known for large-scale glacier expansions
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(e.g. Nesje et al. 2007) and cool, fluctuating summer con-
ditions (Grudd et al. 2002; Larocque-Tobler et al. 2009).
Figure 4 shows that this period was characterized locally by
high ASI values and dry conditions, whereas increased
minerogenic influx onto peat bogs were also recorded along
the Norwegian coast (Sjogren 2009) and in northern Poland
(de Vleeschouwer et al. 2009, an overview of methods used
and results is provided in de Jong et al. 2010). However,
these high ASI values were in part caused by a strong
increase in the finest fraction (de Jong et al. 2006), which
suggests that soil erosion caused by intense land use prob-
ably amplified the ASI signal during this time.

Despite these well-known climatic changes to condi-
tions that were generally unfavourable for agriculture, an
agricultural expansion took place. Obviously, positive
factors in society together with the strong population rise
after the late medieval crisis outweighed the possible
negative effects of climate deterioration. In particular the
16th century was a period of stronger states, increased
division of labour, well-developed markets, far-reaching
trade and technical progress (Myrdal 1999a, b; Soderberg
and Myrdal 2002). This development enabled economic
expansion and population growth in spite of the relatively
poor climatic conditions and seems to have drastically
diminished society’s sensitivity to climatic changes.

Conclusions

The pollen analytical study of the Store Mosse peat bog
enabled the reconstruction of peat bog development and
vegetation changes in the coastal zone of Halland. Toge-
ther with the study carried out at the Undarsmosse Bog, this
provided reconstructions of vegetation changes that were
compared directly to independent climatic reconstructions
obtained from the same peat cores. These data were used to
study the possible causal link between climatic variability
and agricultural declines. The agricultural declines recor-
ded primarily in the two lowland peat bogs around
2600-2200 cal. yrs B.p., 1500 cal. yrs B.p. and possibly
around 1200-1000 cal. yrs B.p. may be attributed to cli-
matic changes that were unfavourable for agriculture,
whereas the decline around 700-500 cal. yrs B.p. may have
been caused by a strong population drop related to the
Black Death. The agricultural expansion during the Little
Ice Age, which was characterized regionally by increased
cyclone intensity and cool summer conditions, suggests
that by this time agriculture and society had become less
sensitive to climatic forcing.
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