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Supplementary Note 1. Bone points

Theis Zetner Trolle Jensen, Arne Sjostrom, Morten Fischer Mortensen & Anders Fischer

In the present study, the neutral term ‘barbed bone pointd is used as a descriptor of the
artefact under consideration, as opposed to functional laden descriptors, such as; leister-
points or prongs. While the latter idioms are not inaccurate per se, they denote that the bone
points are part of a composite system in which more than one barbed bone point is fastened to
a shaft and therefore imply their functional usage '. Their function was undoubtedly fishing
gear, but evidence for composite leisters is only circumstantial (e.g. the proposed leister sets
from Fulge A and Mosegarden III in Amosen ')

The majority of Maglemosian bone points from Denmark are stray finds, collected in
connection with peat cutting during the World Wars and field surveys in the previously
harvested bogs. Only a small proportion derives from targeted excavations. Therefore,
provenance is rarely exact and site descriptions can often be vague or in most cases entirely
absent. A majority of these chance finds derive from large bog complexes from Zealand. Lille
Amose (Little Amose), and Store Amose (Greater Amose), complexes, will be briefly
introduced, as well as, the bogs Ronneholms and Agerdds mosse in Scania. Photos of the
bone points and their approximate provenance are visualised in Fig. S1-22 (Photos by Theis
Zetner Trolle Jensen & Arne Sjostrom).

i mosen, Zealand, Denmark
The Amose (translated: river bog) covering 36 km? is the largest peat bog complex on the

Danish islands and the largest filled in lake system in the country '. It encompasses two major
parts: Lille Amose and Store Amose, and the two probably comprise the richest area in NW
Europe in terms of Mesolithic and Neolithic inland finds 2. These archaeological riches were,
in general, of an extraordinarily fine preservation quality until c. 1960 AD, when severe
drainage events were initiated and over the following years led to the peat decomposing over
major areas . During the 1940s and 1950s peat cutting was intensified due to fuel shortage,
and a magnitude of well-preserved settlements was uncovered. Barbed bone points have been
found nearly all over the bog, and reflect the intense fishing activity carried out during the
Mesolithic °.

The Amose basins have a long and complex developmental history, which have been the
focus of dozens of geological and palacoecological investigations over the last 100 years (eg.
%3, One prominent feature is the dramatic water level changes that occurred during the Early
Holocene. The first big change happened in the Early Preboreal when the water level in
Greater Amose decreased as much as four metres, and the only preserved sediments from this
time are confined to the deepest areas of the basin °. Although a subsequent water level rise
occurred, the lake surface remained relatively low. During the transition from the Preboreal to
the Boreal, a brief lowering of the water levels took place yet again. This regression led to
erosion of the littoral zone and redeposition of sediments elsewhere.


https://paperpile.com/c/JQZG1H/CaSN/?locator=159
https://paperpile.com/c/JQZG1H/CaSN/?locator=165
https://paperpile.com/c/JQZG1H/CaSN
https://paperpile.com/c/JQZG1H/TQeG
https://paperpile.com/c/JQZG1H/TQeG
https://paperpile.com/c/JQZG1H/6yai
https://paperpile.com/c/JQZG1H/xSMS+AeMP
https://paperpile.com/c/JQZG1H/f1nh

A later regression happened around the transition from the Boreal to the Early Atlantic
period, leading to severe erosion of the littoral Boreal sediments. This caused a hiatus of
200-300 years in the sedimentary record during the Late Boreal; based on samples from
several locations in the bog. The reasons for these water level fluctuations are difficult to
determine. Important factors could be the melting of local stagnant ice and temperature
oscillations. In addition, beavers can influence water levels with their dams, resulting in
significant changes, not just fluctuations during construction, but also during periodic dam
bursts.

As a result of the lowering of the lake surface during the Holocene, it is commonplace to
find lakeshore settlements of the Kongemose, Ertebelle and Funnel Beaker periods located on
top of Maglemosian ‘fishing grounds’ (i.e. lake bottom sediments rich in Early Mesolithic
bone points).

R®nneholms mosse, Scania, Sweden

The peat bogs Ronneholms mosse and the Agerdds mosse together form a 12 km? large
wetland area, separated by the Ronne river, northwest of the lake Ringsjon. Before the peat
bogs formed in the Atlantic and Subatlantic biozones, the area constituted a shallow lake that
was part of a larger lake Ringsjon (c. 50 km?).

The first finds in the bog area were found at the beginning of the 20" century in
connection to peat extraction and trenching. Several Mesolithic sites, mainly dated to the
Maglemose and Kongemose cultures, were excavated in the 1940s at the former shorelines of
the ancient lake and on peat islands in Agerdds mosse ’. Excavations at several of the sites
were continued in the 1970s and the 1980s 3°. A few barbed bone points were found at these
sites, but since they are not radiocarbon dated, they have not been included in the study. Only
two points from Agerdds mosse have been dated, found at the recently excavated bog site
Slabélta '. Since the peat extraction in Agerod was conducted in the first half of the 20™
century, in a relatively large-scale by digging deep trenches, there is no data regarding
whether or not finds like fishing tools were found outside the settlement areas in this part of
the bog.

In Ronneholms mosse, peat has been commercially extracted by horizontal and
mechanical stripping, thus exposing settlements and other remains within a large area on an
annual basis. It has therefore been possible to study the geological development and the
human activity in this part of the bog area in more detail. Archaeological remains have been
found over the course of 26 years of excavations and field recognisance conducted by Arne
Sjostrom of Lund University.

In the southern part of the ancient lake, in the Ronneholm basin, a layer of lime gyttja was
deposited during the Preboreal and Boreal biozones. There are very few signs of fishing
activities in this part of the ancient lake during this period. Only a few barbed bone points and
pine torches, dated to the Late Preboreal, have been found in the lime gyttja, and there are no
signs of net fishing in the layer. However, it should be noted that the peat extraction field in
Ronneholms mosse is located a few hundred meters from the presumed Preboreal shoreline
and that other conditions may occur closer to land.


https://paperpile.com/c/JQZG1H/H6Lu
https://paperpile.com/c/JQZG1H/zXrw+SsMk
https://paperpile.com/c/JQZG1H/EFHw

When the algae gyttja began to deposit on top of the lime gyttja, in the Late Boreal and
Early Atlantic, there was a dramatic increase of human activity in the Ronneholm basin.
Thousands of single finds and over 100 small campsites have been found scattered all over
the basin in this layer, mostly dated to the Early Atlantic. Thousands of net sinkers made of
stone show that net fishing was common. Also, numerous bone points were found in the
algae gyttja during the extensive surveys at the Ronneholm mosse ''.

The radiocarbon-dated barbed bone points from the bog area indicate that the use of this
tool type in central Scania ended in the transition from the Maglemose to Kongemose culture.
Finds of other tool types made of bone and numerous sites in the bog, dated to the
Kongemose culture, show that the disappearance of barbed bone points was not caused by
poor preservation conditions. In the Kongemose, spearfishing was most likely performed
with leisters with wooden prongs and simple bone points without barbs. The Scanian study
was based on a rather uniform assemblage of 35 barbed bone points from the Ronneholm and
Agerdd peat bogs.

The geological development of the Ronneholm-Agerdd basin has been studied by Tage
Nilsson '*'*. The Ronneholm basin has only been partially studied by Nilsson in 1935, but
since both the basins formed a single lake during the early postglacial time the detailed studies
from the Agerdd basin can partially be applied to the Ronneholm basin.

Nilsson presented a hypothetical curve of the water level fluctuations, without absolute
levels. He found that the water level in the lake was relatively high at the beginning of the
Preboreal, and that it dropped during this period and the Early Boreal to form a low stand in
the middle of the Early Boreal. In the transition to the Late Boreal, a water level rise occurred,
before the level dropped to a post-glacial minimum level during the end of the Late Boreal. In
the transition to the Early Atlantic, the water level rose to a high level before it dropped again
at the end of the period to form a longer low water stand during the Late Atlantic '>'5,

It is difficult to determine the time length, the levels, and the cause of the low water
periods that Nilsson presented. The archaeological excavations in Ronneholms Mosse have
shown that there have been several short periods with extreme low stands in the Ronneholm
basin during the Early Atlantic, since small campsites from the same period have been found
in the gyttja layers all over the basin. These short low water periods, when the basin was more
or less dried out, have not been confirmed in the geological record. In spite of these extreme
low water stands, there have been activities with spearfishing in the lake. This is known by
numerous single finds of bone points situated at the same levels as the sites. This
contradiction can probably be explained by extreme yearly changes in water level in the
shallow lake during the Early Atlantic. A similar settlement pattern; with sites situated
offshore in the dried out lake basin, has not been seen for the low water periods during the
Boreal biozones.


https://paperpile.com/c/JQZG1H/qJAm
https://paperpile.com/c/JQZG1H/LhDB+2DBe+PMpW+q2S9/?noauthor=1,1,1,1
https://paperpile.com/c/JQZG1H/2DBe+q2S9

Supplementary Note 2. Radiocarbon dates

Bone points
Theis Zetner Trolle Jensen, Jesper Olsen, Anders Fischer

We submitted 23 bone points for radiocarbon dating. Two failed due to low collagen yields.
Twenty-one returned dates spanning the Preboreal, Boreal, and the beginning of the Atlantic
biozones, while two turned out to have C/N values outside the accepted range and should be
treated with caution (C/N values >3.6, Supplementary Dataset 1). We merged our
successfully dated bone point results with 20 dates from Sweden published by Larsson et al.
! the five published by Fischer '®!7, and seven previously unpublished dates from northwest
Zealand (1; Brokeb, 1; Sendered, 2; Merke Enge, 1; Ulkestrup @st IV, 1; Ulkestrup Lyng),
plus a slotted bone point from Fugle A (Supplementary Dataset 1).

Habitation debris and stray found Preboreal, Boreal and Early Atlantic fauna

We collected radiocarbon dates from Maglemosian habitations as well as from faunal remains
of that period. This was done to infer the activity levels of the archaeology and faunal
richness during the 10,300 cal BP bone point hiatus. However, caution should be exercised
when using these dates as proxies for presence or absence or using them at all. Firstly, most
of the published dates were performed using conventional radiocarbon methodology several
decades ago, when collagen preservation quality etc. was not treated as critically as
nowadays. Secondly, because the majority was performed on charcoal that can reflect large
offsets and long age spans due to the “old wood effect”, and thirdly, not all present-day
purification steps were routinely performed decades ago. For instance removal of humic acids
from the collagen fraction was not routinely performed in the pioneering days of the former
1C laboratory in Copenhagen. This procedure only became standard in sample preparation
from laboratory number K-2127 onwards (Henrik Tauber pers. comm. to Anders Fischer *'®.,
As a consequence, some of these samples may have produced dates that are misleadingly
young due to infusion of humic washed down from stratigraphically younger deposits.

Habitation

We collected published and unpublished (n = 38) radiocarbon dates conducted on material
(bone or charcoal) associated with habitation sites in Denmark. We performed a simple
Bayesian model for each site creating phase models, assuming that the dates from each of the
sites are of coeval age. We also summed the radiocarbon dates in a KDE model to visualise
activity. In addition, we included dates (n = 22) from the southwestern coast of Sweden, from
Balltorp and Huseby Klev. Lastly, three dates performed on three isolated human remains
(two burials and dredged off the coast) not associated with habitation were also included. The
human remains were reservoir corrected based on their 8°C values. The marine reservoir age,

R, is estimated to 400 +£50 'C years and the fraction marine, F, , diet of each individual is

m?’

calculated using a terrestrial and marine 8"°C endpoint value of -21%o and -10%o respectively


https://paperpile.com/c/JQZG1H/qJAm/?noauthor=1

1. The radiocarbon reservoir correction for each individual is then calculated as "*C_,....q =
"C easured = Fm < R. Errors on the '*C age are calculated using error propagation.

The habitation sites included are from Denmark: Barmose I, Klosterlund, Alyst, Mullerup,
Holmegaard, and Ulkestrup in Denmark. As well as Balltorp and Huseby Klev in Sweden
(see Supplementary Dataset 2, and Fig Supplementary Figures 23 and 24).

corrected

Fauna

We collected (n = 118) radiocarbon dates from the Maglemose period performed on faunal
remains of the four main species observed by ZooMS in the bone point assemblage (i.e. elk,
red deer, aurochs, and bison) from the Preboreal, Boreal, and Early Atlantic biozones. No
radiometric dating has been performed on brown bear from the Maglemose period. We
performed a Bayesian phase model for each of the taxonomic groups within each region, we
then summed the radiocarbon and performed KDE to indicate activity for all dates from a
given region (see Supplementary Dataset 3, and Supplementary Figure 25).



Supplementary Note 3. Collagen analysis by Mass Spectrometry

Theis Zetner Trolle Jensen, Kristine Korzow Richter, Meaghan Mackie & Alberto John
Taurozzi

Sampling

The sampling and protein extraction of the bone points was conducted in the
palacoproteomics laboratories at BioArCh, University of York, United Kingdom and Centre
for GeoGenetics, University of Copenhagen, Denmark. An average of 20 mg of bone was
either cut off or drilled at low rpm to produce bone powder. The blade or drill was cleaned in
5% bleach followed by 80% ethanol between sampling. For the reference samples, two elk
samples were obtained from the Zoological Department, University of Copenhagen, and two
red deer specimens from morphologically distinguishable bone fragments were taken from
ongoing Syltholm excavations, near Redbyhavn, Denmark.

Collagen Extraction

Two different extraction protocols were tested for the samples from these locations. 120
samples were tested (41 by Extraction 1 and 79 by Extraction 2). This was due to the
discovery that one gave greater peptides yields than the other. Extraction 1 provided better
quality spectra (higher intensity and better resolution) and allowed a higher throughput of
samples. It was therefore used for all subsequent samples. However, both methods allowed
for species identification of the samples and the results are combined.

Extraction 1 followed a minimally destructive protocol by van Doorn et al. ?°. The
samples were incubated in 100puL of 50 mM ammonium bicarbonate solution (NH,HCO,) pH
8.0 (AmBic) for 16 hours at ambient temperature. They were then vortexed for 15 seconds
and centrifuged at 13,000 rpm for 1 min, the supernatant was discarded. 100pL of AmBic
was added to the samples, followed by incubation for one hour at 65°C to gelatinise the
collagen.

Extraction 2 followed a modified destructive protocol by Buckley et al. 2. The samples
were demineralized in 250puL of 0.6M HCI at 4°C for approximately a week, with the acid
changed daily. They were then vortexed for 15 seconds and centrifuged at 13,000 rpm for 1
min. The supernatant was discarded and the samples were rinsed three times with 250uL of
AmBic. Finally 100uL of AmBic was added to the samples, followed by incubation for one
hour at 65°C to gelatinise the collagen.



