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Abstract The immigration of woody plants, especially
Betula (tree birch), is examined in relation to geomor-
phological regions in a compilation of Late-glacial plant
macrofossil records from Denmark. The immigration of
trees led to a large ecological transformation of the land-
scape and had a major effect on the flora and fauna
available to Palaeolithic people. We show that soil type
was a controlling factor in the development of vegetation
during the Allergd and Younger Dryas periods. Following
the first immigration of trees during the Allergd period,
woods became established in the eastern part of Denmark,
where ice advances from the Baltic had deposited calcar-
eous and clayey sediments. The western and northern parts
of Denmark that are characterised by more sandy and non-
calcareous sediments remained treeless throughout the
whole Late-glacial period. Finds from the Bromme Culture
are concentrated in the region which was wooded, sug-
gesting that the regional variable environment allowed
local adaptations using the diverse resources available.
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Introduction

The immigration of trees led to one of the largest landscape
transformations of the Late-glacial period in previously
glaciated or periglacial regions, such as Denmark. Open
tundra turned to woodland and instigated major ecological
changes in the composition of both flora and fauna (Aaris-
Sgrensen 2009; Mortensen et al. 2011). The vegetation of
light, open, non-wooded areas with unstable soils often
consists of stress-tolerant taxa (Petersen and Vestergaard
2006). In contrast, more competitive taxa are favoured by
the development of woods where erosion is reduced, soils
develop more rapidly and less light is available (Packham
et al. 1996). Major changes in the faunal composition are
most clearly seen in the large herbivores where the open
tundra landscape was dominated by large flocks mainly of
Rangifer tarandus (reindeer), which were replaced by the
more solitary Alces alces (elk) and Megaloceros giganteus
(giant deer) in the Late-glacial woods (Aaris-Sgrensen and
Liljengren 2004; Aaris-Sgrensen 2009). The presence or
absence of trees and the development of woods is therefore
of great importance when considering the Late-glacial flora
and fauna. Similarly important when considering the
archaeological material is the distinction between open
land and woodland, because the local environmental con-
ditions would have been crucial for hunting strategies,
occupation site locations, tool requirements and the general
subsistence economy (Bos et al. 2012; Mortensen et al. in
press).

Although pollen analyses have been used successfully to
determine tree lines (Hicks 2001; Seppd and Hicks 2006)
and vegetation patterns (Theuerkauf and Joosten 2009,
2012), dating the immigration of trees and the development
of woods is not without difficulties (Van Dinter and Birks
1996; Birks 2003; Seppd et al. 2004). Betula pubescens
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(tree birch) was the dominant tree taxon during the Late-
glacial period in Denmark but the separation of tree birch
pollen from that of B. nana (dwarf birch) is problematic
(Birks 1968; Usinger 1977; Andersen 1980). In addition,
local pollen production is limited in Arctic environments,
and the contribution of pollen transported a long distance
can be disproportionately high, which can lead to mis-
leading results (see Birks and Birks 2000). A classic
example of this effect can be seen in the immigration of
birch reconstructed from pollen analysis, as opposed to
plant macrofossil analysis. A significant time difference
may be seen in comparative studies where pollen analyses
indicate the presence of tree birch much earlier than that
indicated by the presence of tree birch macrofossils (Birks
1993, 2003). Additionally, analyses of plant macrofossils
can give a greater diversity and a more detailed recon-
struction of vegetational development than from pollen
analysis alone (Birks 1993, 2001; Birks and Birks 2000;
Bos et al. 2006; Hofstetter et al. 2006; Mortensen et al.
2011).

The Late-glacial vegetational development of Denmark
was already known by the mid 20th century from numerous
studies conducted during the pioneer phase of pollen ana-
lysis (Iversen 1942, 1954; Krog 1954). These indicated that
tree birch had already immigrated to the region during the
Bglling warming and formed part of the so-called park
tundra (Iversen 1954). Woods were thought to have been
present by the beginning of the Allergd period and Den-
mark was believed to have been covered by woods by the
middle of that period. Especially the southern part of
Denmark was thought to have had a relatively dense birch
woodland with Populus (poplar), Juniperus (juniper),
Sorbus (rowan) and Pinus (pine), with the latter particu-
larly common towards the east. A more open woodland
would have existed towards the north (Iversen 1942, 1954).
This general picture of the Late-glacial woodland in Den-
mark has largely prevailed (Noe-Nygaard et al. 2000).

More recent studies, however, have led to a more
detailed picture of the Late-glacial landscape of Denmark.
Kolstrup (2007) demonstrated cover sand activity in wes-
tern Denmark during the Allergd, which suggests that the
woods, at least in western Denmark, must have had areas of
open, sparsely vegetated ground that could have provided
the source material. This interpretation is supported by
several detailed plant macrofossil analyses from Bglling
S@, none of which have found tree birch during the Late-
glacial period (Brandt 1954; Stockmarr 1975; Usinger
1985; Bennike et al. 2004b). Nor have combined analyses
of pollen and plant macrofossils from two localities in
southern Denmark been able to show such an early
immigration of tree birch; both show that it did not become
established until the middle of the Allergd period (Mor-
tensen et al. 2011; Mortensen et al. in press).
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The reasons for the late arrival of tree birch are probably
related to the lack of suitable soils together with very dry
conditions, known to be a limiting factor for birch immi-
gration (Mortensen et al. 2011). Limiting factors to vege-
tational development are especially relevant when applying
pollen and plant macrofossil analyses to palacotemperature
reconstructions and plant responses to climatic change
(Birks and Birks 2006; Aarnes et al. 2012).

The aims of this paper are:

— To date the arrival of tree birch in Denmark using "*C
dating of plant macrofossils and megafossils together
with macrofossil analysis of dated sediment sequences.

— To examine whether, and by how much, soil types have
influenced the immigration and establishment of tree
birch during the Allergd. We review all Late-glacial
plant macrofossil analyses from Denmark and assess
the data in relation to regional geomorphological
regions.

— To examine whether there is a relationship between
finds from the Bromme Culture and woodland devel-
opment during the Allergd. The Bromme Culture dates
to the second half of the Allersd when woodland
development was most advanced and the archaeolog-
ical finds are concentrated in a relatively limited region
of southern Scandinavia.

Site locations

The region considered is shown in Fig. 1 with the approx-
imate positions of land, sea and lakes during the Late-glacial
period (Fischer et al. 2013a). Danish soil types are generally
defined by three geomorphological regions formed by the
Scandinavian ice sheet advances and retreats during the
Saalian and Weichselian glaciations (Houmark-Nielsen and
Kjer 2003). Region A covers western Jylland (Jutland) and
is characterised by leached Saalian till and sandy Weichs-
elian glacio-fluvial deposits. Region B is characterised by
sandy and calcium-poor sediments deposited during the last
glacial maximum around 22,000 cal. B.p. Region C is
characterised by clayey and calcareous sediments deposited
by glaciers that advanced through the Baltic around
19,000 cal. B.p. (Houmark-Nielsen and Kjer 2003; Miinier
2009). Bornholm, farthest to the east, is characterised by
bedrock with some sediments from the last Baltic ice
advance. In this paper, Bornholm is considered part of
Region C. The sites shown in Fig. 1 were found through a
review of the literature and hitherto unpublished data from
the archives at the Danish National Museum and the Geo-
logical Survey of Denmark and Greenland. The objective
was to include as many sites as possible. Many of the data
used were acquired in the late 19th and early 20th centuries
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Fig. 1 Map of Denmark
showing the approximate
positions of land, sea, lakes and
ice during the Late-glacial
period. Site numbers refer to
ESM 2; sites discussed in the
text are numbered in red.
Region A is predominantly
leached Saalian till and
Weichselian glacio-fluvial
deposits. Region B is
predominantly sandy non-
calcareous sediments deposited
during the last glacial maximum
c. 22,000 cal. B.p. Region C is
predominantly clayey and
calcareous sediments deposited
by the late Baltic Ice Advance c.
19,000 cal. B.P.

Table 1 Ages of the first arrival of tree birch in Late-glacial sediments in Denmark

Loc. no. Locality Lab. no. Age, 4C B.p) Age, 20 range (cal. B.p.) Material Reference

14 Martin Holms Mose  K-3079 11,770 + 100 13,828-13,392% Wood This work

16 Slotseng 13,500 A-D curve® Mortensen et al. (2011)

27 Staalsg 13,700 A-D curve This work

53 Tovelse AAR-3555 11,750 £ 70 13,415-13,776" Bark, twigs  Noe-Nygaard and Heiberg (2001)
54 Hasselg 13,600 A-D curve  Mortensen et al. (in press)

% Mean = 13,600
" Age-depth curve

when geologists and other naturalists routinely visited open
pits such as clay pits to describe plant macrofossils from
Late-glacial and early Holocene sediments (Nathorst 1871;
Hartz and Milthers 1901). Samples were collected from
exposed profiles and were therefore large. Modern studies
are usually based on much smaller samples collected from
sediment cores, but with higher resolution and better chro-
nology. In Denmark, Allergd sediments usually consist of
gyttja or peat whereas Younger Dryas sediments usually
consist of mineral-rich sediments, allowing a relatively
reliable separation. This is particularly the case in south-
eastern Denmark, but also in the west and north the two
periods can be identified on the basis of their organic content

(Iversen 1947). This allows the results of older studies to be
used even in the absence of '‘C dates or pollen
stratigraphies.

Methods

Dating the immigration of tree birch

The first appearance of tree birch macrofossils from dated
Late-glacial sequences or from '*C dated megafossils is pre-

sented in Table 1. The table only includes early appearance of
tree birch, whereas younger dates are not included. Dates were
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calibrated and age-depth models constructed with OxCal 4.2
(Bronk Ramsey 2009) using the IntCal09 radiocarbon cali-
bration curve (Reimer et al. 2009). Plant macrofossil diagrams
from Slotseng (Mortensen et al. 2011), Hasselg (Mortensen
et al. in press) and Lendum (unpublished data) are used as
examples of the local vegetational development in the Danish
region (Fig. 2). The three sites were selected because they
represent different parts of the study area. All three sites have
been analysed for pollen and macrofossils and are well dated.
The full data set from Lendum will be published elsewhere,
but the '*C age determinations and the age/depth model can be
found in ESM 1.

Tree birch distribution

Macrofossil data have been compiled on woody plants
from a total of 61 sites in Denmark along with two sites
from northern Germany (Fig. 1, ESM 2, 3). Many of the
sites included have relatively low biostratigraphic resolu-
tion and are therefore categorised as either Allergd or
Younger Dryas. The presence or absence of tree birch
macrofossils at all Allergd sites is shown (Fig. 3a). Simi-
larly, macrofossils of Populus, and Empetrum (crowberry)
are shown for the Allergd and those of Empetrum and
Dryas (mountain avens) are shown for the Younger Dryas
(Fig. 3b). As shown in ESM 2, B. pendula (silver birch)
was recorded at a few of the sites analysed in the early
years, but as macrofossils of B. pubescens (downy birch)
can be very variable, these have probably been misidenti-
fied. Tree birch macrofossils are found in Younger Dryas
sediments at a few sites (ESM 2). These are assumed to be
redeposited or they may belong to the fairly long transition
zone during which Allergd vegetation was replaced by
Younger Dryas vegetation.

All sites with Allergd sediments from regions A and B
are included regardless of the presence of tree birch ma-
crofossils. There are comparatively few sites from these
regions but most are well dated (ESM 2). A few sites were
omitted from Region C because we were uncertain if the
samples belong to the Allergd.

Archaeological data

‘Large tanged points’ are characteristic of the Bromme
Culture and information on the finds was retrieved from
Eriksen (1999), Pedersen (2009) and from the online
databases www.lateglacial.org and www.dkconline.dk
(accessed 20 June 2013). Relatively few Bromme occu-
pation sites are known and their distinction from stray finds
has been noted. Information on finds from northern Ger-
many and Sweden is from Terberger (2006). Even though
the databases and the literature are likely to use different
criteria for the categorisation of material, the overall
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Fig. 2 Macrofossil diagrams from Lendum, northern Jutland (Site 1,»
Region B), Slotseng, southwest Denmark (Site 16, Region C) and
Hasselg, southeast Denmark (Site 54, Region C). The appearance of
tree birch at each site is highlighted in red; the numbers show
concentration of macrofossils per 100 ml sediment

picture of find sites is as shown in Fig. 4. The Bromme
Culture is mostly known from lithic artefacts and organic
material (bones and charcoal) is only known from three
Danish sites. '*C dating has yielded late Allergd ages
(Fischer et al. 2013a).

Results and discussion
When did tree birch immigrate into Denmark?

It has been argued that tree birch immigrated to the Danish
region during the Bglling period (14,700-14,100 cal. B.p.)
(Iversen 1954; Kolstrup 1982; Paus 1995; Noe-Nygaard
et al. 2006) but no tree macrofossils have been found at any
of the few known sites with Bglling age sediments (Mor-
tensen et al. 2011). The data rather suggest that tree birch
arrived around 1,000 years later at c. 13,600 cal. B.P., in the
middle of the Allergd period. This delay in immigration was
probably not due to temperature limitations, as the Bglling
period is known to have been favourable for the establish-
ment of tree birch in the Danish region (Coope et al. 1998;
Renssen and Isarin 2001). It has been suggested that soil
conditions and aridity could have prevented immigration
until the middle of the Allergd (Mortensen et al. 2011) and
an increase in precipitation has been linked to the spread of
tree birch and woodland development in northern Germany
during this time period (Usinger 1998; De Klerk 2008; De
Klerk et al. 2001). Although it is problematic to use nega-
tive evidence to suggest the absence of tree birch from the
Danish region until c. 13,600 cal. B.p., the lack of macro-
fossils of tree birch from sedimentary sequences before this
date cannot be ignored and we propose that the available
data indicate that tree birch did not arrive earlier than the
middle of the Allergd period. In northwestern Skane,
southern Sweden, three macrofossil diagrams may indicate
that tree birch already immigrated there prior to or during
the Bglling period (Jonsson 1988). However, the chronol-
ogies of these records are based on dating of bulk sediment
samples with low organic content and aquatic mosses, and
the dating could therefore be ambiguous.

When do individual trees form woods?
The immigration of the first individual trees to the Danish

region predated the first development of woods, but it is
difficult to establish the transition from trees to woodland
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from palaeoecological data, as it occurred gradually and
especially because tree birch can also grow as a large bush.
Sporadic macrofossils of tree birch were found at Hasselg
in southeast Denmark between c. 13,600 and 13,400 cal.
B.P. prior to a more distinct increase (Fig. 2). It occurs at
the same time as a major increase is seen in organic con-
tent, which is most likely associated with more widespread
woodland cover. The grasses and herbs that dominate open
ground taxa accumulate a high proportion of their biomass
in the root system, in contrast to those of wooded areas
which accumulate a greater proportion of biomass on the
ground surface through the annual leaf fall (Packham et al.
1996). The establishment of woods around lake basins
would therefore be expected to result in an increase in the
input of allochthonous organic material into the lake. At
the same time a decrease in the input of inorganic material
due to a reduction in erosion can be expected. The loss-on-
ignition (LOI) data from Hasselg most probably reflects
this development (Fig. 2). Additionally, a gradual reduc-
tion and disappearance of light demanding taxa such as
Dryas, Salix herbacea and B. nana in favour of more shade
tolerant ones such as Populus is seen after c. 13,400 cal.
B.P. In Slotseng a similar increase in organic content is seen
around 13,500 cal. B.r. when the first tree birch is recorded
(Fig. 2). However, in Slotseng some of the light demanding
taxa such as B. nana do not disappear but continue to be
present in relatively large quantities throughout this
“woodland period”. This indicates that the woodland
around Slotseng had a more open character and never

became quite as dense as at Hasselg. Trees did not reach
Lendum in northern Jutland (Region B) and LOI values
remain low throughout the Late-glacial (Fig. 2).

Where does the woodland migrate to?

This paper examines Late-glacial plant macrofossil data
from a total of 63 sites covering the Allergd and the
Younger Dryas time periods. Macrofossils of tree birch
were found at 26 out of the 31 Allergd sites in Region C,
while no tree birch macrofossils were found at the seven
Allergd sites in Regions A and B. '*C dates from five of the
sites (1, 2, 3, 6 and 7) in Region A and B place the sedi-
ments in the second half of the Allergd (ESM 2), sug-
gesting that the absence of tree birch is not due to the
sediment being older than 13,600 cal. B.p., but rather that
there is an actual absence of tree birch macrofossils. The
consistent age around 13,600 cal. B.p. in Region C suggests
that this pattern is probably not due to dispersal rates.
Neither is temperature thought to have been a decisive
factor. Even though the average temperatures in northern
Jutland may have approached the thresholds for the dis-
persal of tree birch, there are no indications of a strong
east-west temperature gradient across Denmark (Coope
et al. 1998).

However, there appears to be a strong relationship
between geomorphological regions and the spread of tree
birch even though only limited data are available for
Regions A and B compared with Region C (Fig. 3a). The

100 km

i u\\\@e

T n\\\ﬁz

-

Fig. 3 Map showing the position of macrofossils of selected plant
taxa. a Late Allergd, green samples with tree birch; brown samples
with Populus tremula; yellow samples without tree birch; purple
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samples with E. nigrum; red samples with Pinus sylvestris. b Younger
Dryas, yellow: samples without tree birch; purple samples with
E. nigrum; white samples with Dryas octopetala
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Fig. 4 Map of the predominant landscape types during the late
Allergd, based on plant macrofossil finds (Fig. 3a) overlain with
positions of Bromme Culture finds (white squares)

simplest explanation is that the geological background of
the various regions led to different soils on which the Late-
glacial vegetation could develop, as was also found in The
Netherlands and in northern Germany (Hoek 1997;
Theuerkauf and Joosten 2009). The geological background
effects vegetational development in two significant ways.
Firstly, the geology influences how rapidly the soils
develop and thus how rapidly the local plant succession can
take place (Mortensen et al. 2011) and secondly, and per-
haps more importantly, the geology influences the field
capacity, which determines how quickly plants are affected
by water stress (Aslyng 1976). The field capacity of
Regions A and B is generally low due to the sandy sedi-
ments, and plants in these regions would often be water
stressed. This is not the case in Region C where the sedi-
ments have a higher field capacity. We suggest that Allergd
summers were relatively dry and that the low field capacity
prevented the spread of tree birch to Regions A and B since
B. pubescens is sensitive to summer drought (Nikolov and
Helmisaari 1992).

A marked difference in vegetation between the regions
is seen in the Younger Dryas (Fig. 3b). In contrast to the
Allergd where Region C differs from A and B, during the
Younger Dryas Region A differs from B and C. Dryas
favours calcareous soils and is widespread in Regions B
and C but not recorded in the predominantly glaciofluvial
sediments and Saalian till of Region A. In Region A,
Empetrum nigrum thrives due to its preference for sandy,
leached soils (Petersen and Vestergaard 2006). This close
relationship between soil type and vegetation continues

throughout the Holocene and the large variations seen in
both wild and cultivated plants between the different
regions can be ascribed to the different geologies of the
regions (Odgaard 1994; Odgaard and Nielsen 2009; Fred-
eriksen et al. 2009). Even at the present day the distribu-
tions of several plants are tied to the regional geology, for
example species such as Cuscuta europaea (greater dod-
der) and Arctium nemorosum (wood burdock) are mainly
restricted to Region C, while species such as E. nigrum
(crowberry) and Myrica gale (bog myrtle) mostly grow in
Regions A and B (Mossberg and Stenberg 2003; www.
fugleognatur.dk accessed d.26 June 2013).

These major vegetational differences between geologi-
cal regions would be difficult to reconstruct from pollen
analyses alone (Theuerkauf and Joosten 2009) and this
study underlines the importance of studying plant macro-
fossils when attempting to obtain a representative picture
of the Late-glacial plant succession. It also shows that the
underlying geology was an important factor during both
warm and cold periods and that even within a relatively
limited geographical area, vegetational development can
vary due to differences in soil type. This is particularly
important when using pollen and plant macrofossil data as
proxies for past temperatures (Renssen and Isarin 2001;
Seppd et al. 2004; Aarnes et al. 2012). Temperature is
obviously not always the limiting factor for the resulting
vegetational composition.

The late Allergd landscape

The compiled plant macrofossil data give a more refined
image of the Late-glacial vegetation in Denmark than
previously seen, and they show that during the Allergd
there was a strong ecological gradient (ecotone) between
sandy regions (A and B) and more clay-rich regions (C).
The vegetation in the sandy regions consisted of open
heathlands with light-demanding plants and was probably
dominated by dwarf shrub taxa such as E. nigrum and
B. nana (Fig. 3a, ESM 2). On the other hand, the land-
scapes of Region C were wooded and dominated by tree
birch (probably B. pubescens) but also with Populus and
Juniperus (Fig. 3a, ESM 2) and probably also Sorbus
(Mortensen et al. in press). This woodland was most
probably denser towards the east relative to the north and
west. Plant macrofossils of Pinus have not been recorded
from Late-glacial sediments in Denmark (Mortensen et al.
2011) but Pinus megafossils have been found immediately
to the south in northern Germany, dating to the end of the
Allergd (ESM 2). The distance between Denmark and
northern Germany is only around 50 km and it is inter-
esting to note that no Pinus macrofossils have been found
at Danish sites. It is possible that Pinus did not grow close
to any of the investigated sites. It is also possible that
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macrofossils of Pinus have been overlooked, but both
explanations seem unlikely given the number of sites
which have been analysed from the region. An alternative
explanation could be that Pinus immigrated relatively late
to northern Germany and that the low lying region between
Denmark and northern Germany, which during the Allergd
was occupied by the Baltic Ice Lake (Bennike and Jensen
1998, 2013; Bennike et al. 2004a), acted as a barrier to the
dispersal of Pinus (Mortensen et al. in press).

The climate cooling at the end of the Allergd had a
marked effect on the vegetational succession and the
development of the Late-glacial woodland. The NGRIP ice
core data show that the change from the warm GI-1a period
to the colder GS-1 period occurred at 12,896 + 138 b2 k
(12,846 cal. B.r.) (Rasmussen et al. 2006). Pollen recon-
structions indicate that the vegetation responded with very
little delay to this cooling (Hoek 2001), but there could still
have been a significant amount of time between the GI-1a/
GS-1 transition in the Greenland ice cores and the Allergd/
Younger Dryas vegetational transition in Denmark. The
Allergd/Younger Dryas transition is dated from numerous
terrestrial sites. One of the best dated sites is Krakenes in
western Norway, where the transition is dated to
12,711 &+ 52 cal. B.r. (Lohne et al. 2013). In a number of
annually layered lake sequences from Germany the tran-
sition is dated to between 12,679 + 30 and 12,606 £ 40
varve years B.P. (Zolitschka et al. 2000; Brauer et al. 2001;
Neugebauer et al. 2012). These ages generally agree well
with the pollen and plant macrofossil studies from Hasselg,
where the first response to a cooler climate, seen as a
gradual opening of the woodland, is dated to around
12,730 & 145 cal. B.p. The Allergd environment in south-
eastern Denmark continued until c. 12,575 + 74 cal.
B.P. before the ecosystem collapsed and was replaced by
Younger Dryas vegetation (Mortensen et al. in press). In
this region, this extended transition from Allergd to
Younger Dryas vegetation is supported by two unpublished
radiocarbon dates of tree birch megafossils from Birkergd
which were also dated to after the GI-1a/GS-1 transition
(K-6151 10,490 £ 155: 12,688-11,826 cal. B.p. 26 and
K-6202 10,970 £ 165:13,185-12,586 cal. B.P. 20).

The extent of the Bromme Culture in southern
Scandinavia

There are only a few available radiocarbon dates for the
Bromme Culture in Denmark (Fischer et al. 2013a) and
they fall at the transition between the Allergd and the
Younger Dryas (Mortensen et al. in press). A slightly older
find of a reindeer rib with distinct cut marks from Ngrre
Lyngby has been dated to 11,570 £ 110 cal. B.p. This most
likely belongs to the Bromme Culture although it is an
isolated stray find and lacks any cultural context (Fischer
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et al. 2013b). The Bromme Culture has traditionally been
described as a woodland culture and is almost exclusively a
southern Scandinavian phenomenon with a distinct con-
centration in eastern Denmark (Jensen 2001; Pedersen
2009). It is unlikely that this spatial distribution reflects a
concentration of research, as the whole of Denmark has
been intensively surveyed (Petersen 2009). The Bromme
Culture arose relatively late in the Allergd and its restricted
geographical range has been the subject of continued dis-
cussions regarding its origin (Eriksen 1999; Riede 2008;
Pedersen 2009; Sgrensen 2010). Different non-cultural
causes have been proposed including the climatic and
environmental changes that occurred during the Allergd
(Mathiassen 1947; Fischer and Mortensen 1977; Johansson
2003; Pedersen and Petersen 2006). Lately it has been
suggested that the widespread ash fall from the Laacher
See volcano in central Germany at 12,932 cal. B.p. caused a
cultural split in the various groups of the Federmesser
Culture. This cultural isolation may have caused a tech-
nological simplification and the loss of the bow and arrow
technology in the Danish and northern German regions and
led to the rise of the Bromme Culture (Riede 2008; Riede
and Edinborough 2012). Sgrensen (2010) suggests that the
appearance of this culture and its technological simplifi-
cations was not due to cultural isolation but rather because
there were rich and easily accessible flint resources
available within its geographical area. Considering the
archaeological material together with the landscape
reconstruction presented here, a further explanation can be
suggested based on the Bromme Culture’s subsistence
potential available within a relatively limited area. It can be
seen in Fig. 4 that the Bromme Culture had a strong con-
nection to wooded landscapes. Its main distribution is
centred between several different ecosystems which would
have provided numerous available subsistence strategies. It
is well known that the zones between ecosystems have a
particularly high biodiversity (Petersen and Vestergaard
2006) with a wide variety of resources which can be
exploited throughout the seasons and within a relatively
limited geographical area (Fig. 4). It would have been
possible to hunt reindeer in the treeless landscapes of west
and north Jutland (Aaris-Sgrensen 2009; Fischer et al.
2013b) while elk, giant deer and Ursus arctos (brown bear)
would have been potential prey in wooded regions in
eastern Denmark. Northern Germany with its birch-pine
woods would most likely also have provided alternative
exploitable resources. Although the evidence is fragmen-
tary, the coastal zones of the Yoldia Sea and Baltic Ice
Lake may have supplied a rich variety of resources for the
Palaeolithic people, for example, a wide variety of birds for
hunting and egg/chick collection along with resources from
the marine environment (Fischer et al. 2013b). Fishing was
practised far back into the Palaeolithic (Gramsch et al.
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2013) and the numerous wetland areas formed by melting
of stagnant ice provided potential freshwater areas for
catching fish such as Esox lucius (pike) and Perca fluvia-
tilis (perch), whose sticky eggs are quickly spread by
waterfowl. Lastly there were also the vegetational resour-
ces which were not only used for food (Tyldesley and Bahn
1983; Aura et al. 2005; Revedin et al. 2010) but also
provided for tool making and material culture (Riede 2012;
Nadel et al. 2013). It is therefore conceivable that the
appearance of the Bromme Culture and its distribution
should be seen in relation to the immigration of tree birch
and the development of birch woods and the multifaceted
landscape which emerged in the last half of the Allergd
period. This was a variable landscape which supplied a
diverse and comprehensive subsistence economy for its
inhabitants.

Conclusions

This study expands on the classical interpretation of Late-
glacial woodland development in Denmark, and the main
points can be summarised thus:

— The immigration of tree birch around 13,600 cal.
B.P. was much later than previously thought.

— The distribution of woodland was restricted to areas
where ice advances from the Baltic had deposited
calcareous, clayey sediments.

— The vegetational succession was much more complex
than previously thought, and soil types were the most
important limiting factor during both warm and cold
Late-glacial periods.

— Although climatic changes obviously account for the
major vegetational changes during the Late-glacial,
within the Allergd and Younger Dryas periods them-
selves, it was the difference in soil development and
field capacity which was the most important factor in
the observed variation between the three geomorpho-
logical regions.

— The strong link between soil type and vegetational
development must be considered when applying pollen
and plant macrofossil data for temperature reconstructions.

— The concentration of Bromme Culture finds within the
region dominated by birch woods indicates that its
restricted distribution is linked to an adaptation to the
variable regional environment which offered the
opportunity for exploitation of diverse resources.
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