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ABSTRACT

Magleholm was excavated in 1978, 1983 and 1984 under the direction of E.B. Petersen as
part of the Vedbeek project. This paper aims to provide a paleoenvironmental reconstruction
of the site based on analysis of molluscs and botanical macroremains from 16 samples, cov-
ering 80 cm of a profile from a trench excavated in 1984. The samples primarily reflect the
environment at the time of the Mesolithic Ertebglle culture while a few samples in the upper
part of the profile reflect the environment during the Early Neolithic Funnel Beaker Culture.
Apart from providing information about the vegetation and landscape, the data also illustrate
which resources were available to people.

The bottom of the profile consists of practically sterile sand. A major part of the profile, con-
sisting of gyttja that was poor in plant and mollusc taxa, reflects the environment of a brackish
lagoon. The uppermost three samples, at least partially corresponding with the Neolithic,
show a reduction in salinity, resulting in a more diverse combination of brackish water and
freshwater taxa. Most taxa in the upper samples represent taxa of shallow open water, salt
marshes and border zones alongside freshwater bodies, while some plant taxa represent
vegetation of dryland terrain. While some finds of wood charcoal and carbonised fish remains
point to human activity, none of the seeds and fruits in the profile were carbonised.

Comparison with earlier environmental data indicates that this new study on the one hand
confirms, and on the other hand complements, results from earlier studies at Magleholm.
Since archaeobotanical studies from both the Vedbaek fjord and Mesolithic sites in Southern
Scandinavia in general are relatively rare, this study underlines both the potential of and need
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for additional botanical macroremains analysis at comparable archaeological sites.

Introduction

Magleholm, located 20 km north of Copenhagen
in Denmark (Figure 1), was discovered in 1937 by
Avnholt (1944, 61-63) and excavated in 1978, 1983
and 1984 as part of the Vedbak project (Chris-
tensen 2014, 10; Petersen et al. 2015: Table 11:1).
This project, led by Erik Brinch Petersen, con-
cerned the excavation of multiple sites located in
the former Vedbzk fjord" undertaken by the Na-
tional Museum of Denmark and the University of
Copenhagen, which were accompanied in some
years by the University of Madison-Wisconsin (e.g.
Petersen et al. 1979, 1982, 2015).

The site of Magleholm, located at 5.10 masl
on a former hill, was characterized by disturbed

settlement traces on the sandy top of the hill and
refuse embedded in gyttja and peat layers on the
slopes. The zone with refuse on the slopes has
been described as an outcast zone. The 66 m* of
the trenches from the 1983/1984 excavation, of
which 15 m? was excavated systematically, were lo-
cated on the northern and southern slopes of the
hill (Christensen 1982, 98-99; Petersen 1985, 2).
Based on flint and pottery finds, the site has been
attributed to the Early, Middle and Late Ertebolle
Culture as well as the Early Neolithic Funnel Bea-
ker Culture (Christensen 2014, 10-14; Juel and
Kjer 2015, 221; Petersen 1982, 148; Petersen et
al. 2015: Fig. 13.1). The Ertebolle finds were re-
covered from gyttja layers while the Funnel Bea-
ker finds were found in the upper gyttja and peat
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Figure 1. Location of Magleholm. The former fjord area, indicated with the dark grey line, matches the 5 masl-line. White
and dashed line: roads and railway (Figure: graphical department at Moesgaard, after Petersen et al. 2015, 206).

deposits (Christensen 1982, 2014). Six radiocar-
bon dates, collected primarily to reconstruct the
landscape development and shoreline displace-
ment (Petersen et al. 2015, 606), range from ¢.5000
to 2600 BCE (Table 1; Christensen 1982, 93; 2014,
40; Petersen et al. 2015, table 11:2; Sorensen 2014,
134), corresponding with the Atlantic and Sub-
boreal (Christensen 2014, 10-12).

Archaeological analyses of the Vedbzk project
published so far focus on the flint, pottery, zoo-
archaeological remains, human remains, isotope
analysis of the human remains, wooden artefacts,
molluscs used as artefacts, use-wear analysis, pol-
len analysis, and the reconstruction of sea levels
(e.g. Aaris-Sorensen 1982; Albrethsen and Petersen
1977; Christensen 1982, 2014; Enghoff 1995, 71;
Jensen and Petersen 1985; Morck et al. 1999; Pe-
tersen 1982, 1984, 7-13; Petersen et al. 1979, 1982,
2015 and references therein). For Magleholm and
various other sites in the Vedbak area, it is argued
that the lithic assemblage included “quite a selec-
tion of lithic types with much primary lithic work
and debitage”, that the archaeozoological assemblage
contained “a mixture of marine and forest species”
and that there is evidence for occupation during
most seasons, though without explicit evidence of
occupation during winter, since this is difficult to
demonstrate (Petersen et al. 2015, 156).

Further details on Magleholm are scarce. Com-
pared with the other sites studied as part of the
Vedbzk project, Magleholm represents a relatively

long cultural sequence (Petersen et al. 2015, 45).
The site was subjected to radiocarbon dating and
pollen analysis to reconstruct sea levels (Chris-
tensen 1982, 2014; Petersen et al. 2015, 20, 68).
The presence of domestic animals is demonstrat-
ed by a goat bone fragment (Serensen 2014; Ta-
ble 1: 3799-3647 BCE, 20). The fish assemblage
at least during the Mesolithic was dominated by
gadids (Gadidae, 70%) and further contained
spurdog (Squalus acanthias Linnaeus, 1758, 22%),
flatfish (Pleuronectiformes, 5%: particularly Euro-
pean plaice, Pleuronectes platessa Linnaeus, 1758, and
flounder, Platichthys flesus Linnaeus, 1758), eel (An-
guilla anguilla 1innaeus, 1758, <1%) and some re-
mains of other taxa (Enghoff 1995, 71), indicating
the occurrence of marine or brackish conditions
(Moller and Carl 2010).

Despite excellent preservation of organic ma-
terial at multiple sites in the area, botanical macro-
remains analysis was not undertaken systematically
as part of the Vedbzk project including at Magle-
holm, or is at least not published internationally.
One exception is an archaecobotanical analysis from
Maglemosegard (<.5500-3600 BCE, Christensen
2014, 39; see also Christensen 1982, 93), carried out
by G. Jorgensen (Petersen et al. 2015, 193, no con-
text data presented). Information about finds of
seeds and fruits is thus restricted to larger remains
found during sieving: It is reported that hazel-
nut shells (Corylus avellana 1..) and acorns (Quercus
sp.), including carbonized remains, were found
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at multiple sites, as well as remains of crab apple
(Malus sylvestris Mill.) (Petersen et al. 2015, 82; no
details per site). On the one hand, one can argue
that botanical macroremains analysis was still de-
veloping within archaeology in the 1970s and early
1980s. On the other hand, sampling of botanical
macroremains at wetland sites had already start-
ed in Europe at this time (e.g. Bakels 1981; Becket
1978a,b; Behre 1969, 1976; Casparie et al. 1977,
Gaillard and Lemdahl 1988; Goransson 1988;
Jacomet et al. 1989; Koérber-Grohne 1967; Out
2010, 2012; Out and Dorfler 2017; Schlichtherle
1990), also by scholars in Denmark (Fredskild
1969; Troels-Smith 1960). Pollen analysis was in-
corporated in the Vedbzk project, and such data
are available for Magleholm (Christensen 2014,
13-14).

This paper presents new identifications of seeds
and fruits as well as molluscs from sixteen sedi-
ment samples from a profile at the site of Magle-
holm. The aim of the study is to reconstruct the
environment and natural vegetation at the site and
to assess whether there is evidence of handling of
plants by people. Most of the analysed samples
cover the Mesolithic while the uppermost samples
cover the Farly Neolithic.

Paleogeography of the Fjord and Strati-
graphy of Magleholm

During the Boreal and Early Atlantic, a lake was
present in the Vedbzk area, as indicated by the
presence of gyttja, containing freshwater molluscs,
on top of the glacial sand (Christensen 1982, 98).
The gyttja sequence was covered by peat rich in
seeds of bogbean (Menyanthes trifoliata 1..). This
lake had a size comparable to that of the fjord at
the time of the highest sea level. Depending on
the location, the thickness of the lake deposits
varies widely, from a few tens of cm up to 2m
(Christensen 2014, 6). The lake deposits are not
documented in the earlier published profile from
Magleholm (Christensen 1982, 6).

The Mid-Holocene development of the Ved-
bak area is characterized by the gradual rise of the
relative sea level, which resulted from a global eu-
static sea-level rise (Bennike et al. 2023, 449; Chris-
tensen 1982, 2014; Petersen 1982, 141). As a result

of this gradual rise, salt water flooded the Vedbzk
valley in the eatly 7" millennium BCE, creating a
shallow inlet with numerous islands and peninsu-
las (Petersen 1984, 8; Petersen et al. 2015, 20). At
the entrance of the fjord a beach ridge formed,
leaving open only a narrow entrance to the fjord
(Petersen et al. 2015, 23), resulting in the devel-
opment of a lagoon. Stratigraphically, the changes
in the landscape can be observed as a sharp tran-
sition from peat to marine gyttja (marine gyttja: see
Discussion). At Magleholm, located in the western
and relatively sheltered part of the Mesolithic Ved-
bzk fjord, this gyttja layer was «1 meter thick. It
was further noted that at Magleholm, especially on
the island’s east side, this gyttja contained layers of
sand, gravel and stones, indicating a relatively dy-
namic environment in comparison with other sites
in the fjord (Christensen 2014, 10).

The sea reached its highest level in the area dur-
ing the middle Holocene. Some prehistoric sites in
the Vedbaxk region were submerged at this time
but Magleholm always remained an island during
the Atlantic and Subboreal. The maximum sea
level was a result of the eustatic sea level rise on
the one hand and the glacio-isostatic land uplift on
the other hand. Due to the latter, sites in certain
parts of Denmark that were coastal sites during
the Atlantic, including Magleholm, are now locat-
ed above sea level (Christensen 1982, 94; Petersen
1984, 7; Petersen et al. 2015, 44-45).

Between 3850 and 3700-3600 BCE (date ac-
cording to Christensen 2014, 40, based on paly-
nology and radiocarbon date K-4178, see also
Table 1), a detritus gyttja layer was deposited
containing some Funnel Beaker pottery sherds
(Christensen 2014, 11). This layer, only observed
at Magleholm, was earlier interpreted as a sub-
boreal transgression (Christensen 2014, 11; see
also discussion). Pollen and macroremains ana-
lyses indicated the presence of tasselweed (Ruppia
sp.) in these deposits (Christensen 2014, 10).

Shortly after 3500 BCE or at least before
3000 BCE (date according to Christensen 2014 40,
based on radiocarbon dates K-3150 and K-3151,
see also Table 1), the connection of the lagoon to
the sea closed (earlier interpreted as a regression of
the sea level), resulting in the deposition of coarse

limnic detritus gyttja in what became a fresh-
water lake 100-150 m wide and 1 km long. These



DANISH JOURNAL OF ARCHAEOLOGY 2025, VOL 14, 1-20, https://doi.org/10.7146/dja.v14i1.157041 5

freshwater deposits have particularly been found
further away from the former lagoon edges and
have also been attested at Magleholm (Christensen
1982, 98-99, 2014, 10-14, layer 3 and layer 9 /upper
part layer 3). In the northern and southern trench-
es of Magleholm, a calcareous gyttja was observed
on top of the marine gyttja and beneath the limnic
detritus gyttja, at the bottom containing small indi-
viduals of cockle (Cardium sp., now called Cerasto-
derma sp.) and mud snails (Hydrobia sp.), indicating
a transitional brackish environment (Christensen
1982: 91, 98, 99: layer 10, Christensen pers. comm.
2025).

The limnic gyttja is covered by peat, represent-
ing the paludification of the freshwater lake (infill
with marsh vegetation). At many places the peat
has degraded due to dehydration and cultivation
practices (Christensen 2014, 6).

Materials and Methods

The Samples: their Context, History and
Analysis

In 1984, L..B.M. Verhart of the National Museum
of Antiquities in Leiden, the Netherlands, partici-
pated in the excavation of Magleholm and col-
lected 16 sediment samples from the south profile
of trench 2, covering 85cm. After collection the
samples were taken to the Netherlands and sub-
sequently sieved and analysed by W.J. Kuijper, at
that time working at the archaeobotanical labora-
tory at the Faculty of Archaeology of Leiden Uni-
versity. In 2023, WJ. Kuijper handed the resulting
documentation over to W.A. Out.

With the exception of sample 1, which is twice
as thick as the others, all samples had a height of
c.5cm and a volume of 200 cm®. Since the main
focus of the analysis concerned the molluscs, the
samples were sieved with a 0.5 mm sieve, imply-
ing that the smallest seeds and fruits, for exam-
ple those from Juncus sp. (rushes) may be lost.
Interpretation of the molluscs is based on Gitten-
berger et al. (2004), Gléer (2002), Gétting (2008),
Kuijper (2000) and Muus (1967). The nomencla-
ture of the molluscs is based on Gittenberger et al.
(2004) and Welter-Schultes (2012). The seeds and
fruits were identified using the reference collec-

tion of the Faculty of Archaeology, Leiden Uni-
versity. The nomenclature of the seeds/fruits is
based on Duistermaat (2020). The analysed mol-
luscs are stored at Naturalis Biodiversity Centre,
Leiden, the Netherlands. The majority of the bo-
tanical macroremains were discarded after analysis
since the assemblage did not contain rare taxa or
other finds that were considered relevant to pre-
serve.

Context of the investigated Profile and
Layers

The profile drawing of the investigated samples
mentions the south profile of trench 2, referring
to the dy-line (diagonal trench?) and mentions
74 (m?) as a location marker. The sample location
is estimated to be located ¢.10 meter from the earli-
er shore of the fjord (notes WJ. Kuijper 1984).
Generally, the layers can be interpreted as refuse
layers (Christensen 2014, 10) and as an off-site
zone, since the gyttja layers represent the fjord
rather than the dry island. Based on Christensen
(2014, Fig, 7), the disturbance at the bottom of the
peat layer above the investigated samples is inter-
preted as resulting from removal of Neolithic find
material. It is not clear precisely how the studied
profile relates to the profile where the radiocarbon
dates presented in Table 1 were taken (further dis-
cussed below).

Results

Studied Profile

Figure 2 and Table 2 show the sampled profile and
descriptions of the layers. The lowest sample con-
sisted of glacial sand with scattered stones. The
sediment of the remaining samples consisted of
gyttja. Peat was present above the samples.

The identifications of molluscs, seeds and
fruits, and other finds from Magleholm, trench 2,
are shown in Figure 3. Samples throughout the
profile contained sand and charcoal, suggesting
that the entire analysed profile may correspond
with periods of human activity. Small flint frag-
ments were particularly presentin the lower part of
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Figure 2. Magleholm, trench 2, south profile, dy-line. The
samples were collected at “74” (m?) (Figure: graphical de-
partment at Moesgaard, after a drawing by L.B.M. Verhart).

the profile (samples 11, 12, 15 and 16 at 2.07-2.17
and 2.27-2.37 meter above sea level). Carbonised
fish remains and carbonised culms were observed
in two different samples (at 2.27-2.37 masl). Espe-
cially the lower samples contained leaf fragments
and buds. Finally, various samples contained small
uncarbonized fish remains, which are expected to
belong primarily to small fishes, e.g. the common
goby (Pomatoschistus microps Kroyer, 1838), that may
have ended up naturally at the sample location.

Molluscs, Foraminifera and Ostracods

Most layers present in the studied profile con-
tained molluscs, some more than others. The top
of the layer at 2.12-2.22 masl (samples 14-15) was
particularly rich in molluscs. This may indicate
that apart from molluscs’ growth, there was little
sedimentation. The top of the layer at 2.27-2.47
(samples 9-13) was rich in broken molluscs. In
other layers, the shells were mostly found as com-
plete single shells. Shell fragmentation primarily

Depth Sample nr. Sediment Description
(masl)
2.82-2.92 1 Gyttja 1: coarse gyttja containing few molluscs. Thin layer with molluscs
at the transition of samples 1 and 2, after 50 cm wedging out in a
thicker layer with many molluscs
2.77-2.82 2 " 2-3: gyttja containing few molluscs and some wood fragments
2.72-2.77 3 ! 3-4: gyttja containing many molluscs
2.67-2.72 4 " 4-5: gyttja containing some molluscs
2.62-2.67 5 ! 5-9: gyttja containing many molluscs. Sand lens
2.57-2.62 6 !
2.52-2.57 7 !
2.47-2.52 8 !
2.42-2.47 9 " 9-13: gyttja containing some molluscs. Top of this layer: many
broken molluscs
2.37-2.42 10 !
2.32-2.37 11 !
2.27-2.32 12 !
2.22-2.27 13 !
2.17-2.22 14 " 14-15: gyttja, top rich in molluscs. Flint and stones present.
Charcoal fragment. Sand lens
2.12-2.17 15 !
2.07-2.12 16 Grey sand. 16 and below: sand; stones present
Glacial deposits

Table 2. Magleholm, trench 2, south profile, description of the studied layers and samples.
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Figure 3. Magleholm, trench 2, the identifications of molluscs, botanical macroremains and remaining finds (absolute
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Figure 4. Sample 14, containing lagoon cockles, sand and pebbles (Photo: W. Kuijper).

resulted from sampling and sieving, Paired shell
valves were rare; these have been reported for lev-
els 2.27-2.32, 2.72-2.77 and 2.82-2.92 masl (sam-
ples 12, 3 and 1).

The lowest sample from the sand layer con-
tained single fragments of mud snail and cockle
shells that are considered intrusive and did not
contain any seeds or fruits. The gyttja sample di-
rectly above the sand layer contained more mol-
lusc remains but was relatively poor in molluscs
compared to the other samples.

In the majority of the remaining gyttja samples,
the mollusc fauna is poor in taxa and rich in indi-
viduals. Three mollusc taxa were present in all
these samples: the common mussel (Myzlus edulis
Linnaeus, 1758), the spire snail (Hydrobia ventrosa
Montagu, 1803, also called Ecrobia ventrosa Mon-
tagu, 1803) and the lagoon cockle (Cerastoderma
Glancum Bruguiere, 1789) (Figure 4). The constant
presence of these taxa as well as the practical ab-
sence of obligate marine taxa indicate that brack-
ish conditions prevailed.

The common mussel, represented by few remains
per sample in the lower half of the profile (until
and including sample 8 at 2.47-2.52 masl) and tens
of remains in the upper half of the sample, occurs
in marine and brackish water environments.

The spire snail, present with up to hundreds
and even thousands of shells per sample, occurs
in shallow, calm, brackish water zones without tide
or with small tidal amplitudes. It tolerates relatively
extreme conditions and tolerates both influxes of
freshwater as well as weekly and yearly fluctuations
of saltwater. At 2.82-2.92 masl (sample 1 at the
top of the sample series), both juvenile and adult
individuals were reported, which indicates their
local presence. At 2.77-2.82 masl (sample 2), the
shells of the spire snail were found deposited in
layers. Also, the sediment at 2.72-2.77 (sample 3)
contained layers of unspecified shells.

The shells of the spire snail regularly showed
holes caused by ecither the bristleworm (Po/ydora
ciliata Johnston, formerly Polidora ligni Webster) or
the boring sponge (Cliona celata Grant) (Cadée and
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i
Figure 5. Sample 1, containing shells from the brackish- and freshwater molluscs spire snail (common), common pond

snail (see text), Nautilus ramshorn, ramshorn snail and flat valve snail, Leach’s Bithynia and a pea mussel (Photo:
W. Kuijper).

Wesselingh 2005, 40-42; Muus 1967, 91). Thicken-
ings on the inner sides of the shells indicate that
the organism affected living spire snails.

The lagoon cockle, represented by tens of
shells, lives in stagnant or slowly flowing waters
and is characteristic of brackish water environ-
ments. It can survive periods of fresh or marine
water supply, but under true marine conditions it is
replaced by the common cockle (Cerastoderma edule
Linnaeus, 1758) — a taxon which was not found at
Magleholm. At 2.82-2.92 masl and 2.67-2.77 masl,
thus in the top of the sample series, both juvenile
and adult individuals of the lagoon cockle have
been reported, and at 2.72-2.77 masl, doublets,
including empty doublets, have been reported,
which all indicates their local presence.

Apart from the common mussel, two more
mollusc taxa were found that are characteristic of
marine or brackish waters: the rough periwinkle
(Littorina saxatilis Olivi, 1792) and the mud snail (Hy-
drobia ulvae (Pennant, 1777), synonym Peringia ulyae
(Pennant, 1777)). The rough periwinkle was found

at 2.17-2.47 masl (samples 9-14). At 2.27-2.32 masl
(sample 12), both juvenile and adult individuals
were present, indicative of local occurrence. One of
the samples that contained finds of the rough peri-
winkle (sample 9 at 2.42-2.47 masl) also contained
foraminifera, unicellular organisms that occur in
brackish and marine environments. The mud snail
was present at 2.82-2.92 masl (upper sample 1).
The upper layer at 2.82-2.92 masl (sample 1)
stands out from the other samples because it con-
tains not only taxa indicative of marine or brack-
ish conditions that are present in all gyttja samples,
but also a variety of freshwater molluscs present in
small quantities. This concerns the common pond
snail (Radix balthica/ labiata interpreted as R. balthica
(Linnaeus, 1758)), Leach’s Bithynia (Bithynia leachii
(Sheppard, 1823)), the white ramshorn (Gyraulus
albus (O.F. Miller, 1774)), the Nautilus ramshorn
(Gyraulus crista (Linnaeus, 1758)), the ramshorn
snail (Planorbis planorbis (Linnaeus, 1758)), a pea
mussel (Pisidium sp.), the flat valve snail (Ialva-
ta cristata (O.F. Muller, 1774)) and the common
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valve snail (Valata piscinalis (O.F. Miller, 1774))
(Figure 5). These taxa were not present in a single,
thin layer, but were mixed with the shells of brack-
ish and marine water taxa. Many of the freshwater
taxa were represented by juveniles, implying that
they may have been transported via small fresh-
water streams into the lagoon.

The ostracods at 2.32-2.37, 2.52-2.57 and 2.72-
2.92 masl (samples 11, 7 and the upper three sam-
ples), which not only occurred as single carapaces
(shells) but also as doublets in samples 11, 2 and
1, do not give direct information about the salinity
of the environment. They may represent taxa that
live in freshwater, brackish water and/or saltwater
conditions.

Plant Macroremains and green Algae

The seeds and fruits from Magleholm were
well-preserved. The ecological group that is quan-
titatively dominant in the studied profile is the
group of salt marsh taxa and water plants that
tolerate brackish conditions. The species that
occurs in all samples except from the sand sam-
ple at the bottom of the profile is beaked tassel-

= ’T‘ﬁf!il

il

weed (Ruppia maritima 1..), a pioneer water plant
of shallow brackish water (max. depth 70 cm),
which tolerates changes in salinity but does not
occur in the sea, represented by tens of fruits per
sample (Figure 6). The taxon flourishes in stag-
nant to slow-flowing water with limited water
level changes, such as the low water table zone of
areas affected by tide. Peduncles (culms) of up to
4 cm have been found, indicating that the species
occurred locally. The occurrence of beaked tassel-
weed together with horned pondweed (Zanni-
chellia palustris 1..), spiny naiad (Najas marina 1..),
fennel pondweed (Stuckenia pectinata (1.) Borner)
and stonewort (Chara sp.), as is the case in the up-
per three samples at 2.72-2.92 masl, points to the
presence of the plant community of the Ruppion
maritimae. This community occurs in shallow, clear,
calm, brackish water under mesohaline to poly-
haline conditions (Iversen 1934, 24; Schaminée et
al. 1995, 29-30).

Similar to tasselweed, fruits of common/speat-
leaved orache (Atriplex patula 1./ prostrata Boucher
ex DC.) were found in relatively many samples.
Based on the common presence at Magleholm of
taxa that indicate brackish or marine conditions,
these fruits are interpreted as spear-leaved orache,

Figure 6. Beaked tasselweed, dried, but
very well preserved (Photo: W. Kuijper).
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a species that occurs on open, moist, nitrate-rich
terrain and at drift litter zones on the beach and
in salt marshes.

Other salt marsh taxa whose fruits occur oc-
casionally in the profile are sea aster (Iripolinm
pannonicum (Jacq.) Dobrocz., formetly Aster tripoli-
um L., 2.32-2.37 masl, sample 11), annual seablite
(Suaeda  maritima (L..) Dumort, 2.52-2.57 masl,
2.77-2.92 masl, samples 7, 2 and 1) and grassleaf
orache (Atriplex littoralis 1., 2.82-2.92 masl, sam-
ple 1). Annual seablite is usually found in the in-
tertidal zone and in salt marshes. Since only small
quantities are present, these seeds may have been
transported with marine influxes occurring during
relatively extreme high-water events.

A second group represented by the seeds and
fruits in the profile are taxa indicative of alder carr,
water edges, freshwater marshes and (to some de-
gree) dune valleys, including common alder (Azzus
gutinosa (L..) Gaertn.), cyperus sedge (Carex psendo-
oyperns L.), great fen-sedge (Cladium mariscus (L.)
Pohl), hemp-agrimony (Eupatorium cannabinum 1..),
European bugleweed (Lycopus enropaens 1..), com-
mon reed (Phragmites anstralis (Cav.) Steud), lake-
shore bulrush or softstem bulrush (Schoenoplectus
lacustris (L.) Palla or tabernaemontani (C.C.Gmel.)
Palla), bitter nightshade (Solanum dulcamara 1.),
water pepper (Persicaria hydropiper (1..) Delarbre),
sedge (Carex sp.) and possible chickweed (cf.
Stellaria sp.). Of these, cyperus sedge, great fen-
sedge, European bugleweed, reed, bulrush, bitter
nightshade and hemp-agrimony tolerate brackish
or slightly brackish conditions, while hemp-agri-
mony can also be found on beaches (Weeda et
al. 1988-1994). In contrast, alder explicitly does
not tolerate brackish conditions. Bulrush is found
in six different samples throughout the profile.
The remaining taxa are also found throughout
the profile, but only sporadically and hardly ever
with more than three taxa in a single sample. The
largest number of taxa from this group of water
edges, freshwater marshes and dune valleys occur
at 2.82-2.92 masl in sample 1 at the top of the
profile, which also contains freshwater molluscs
and a larger diversity of water plants.

A third group of plants represented in the pro-
file are plants of dryland terrain, including both
woodland taxa such as lime (17/a sp.), birch (Betula
sp.), Buropean hazel (Corylus avellana) and black-

berry (Rubus fruticosus 1. agg.) as well as taxa of
open, nutrient-rich terrain such as white goose-
toot (Chenopodinm album 1..) and possibly trodden
terrain (Pobygonum cf. avienlare 1..). Some of these
taxa occur particularly in the lower and middle
part of the profile at 2.22-2.27 masl (sample 13),
2.32-2.37 masl (sample 11) and 2.52-2.57 masl
(sample 7).

Discussion
Environment

In a major part of the profile (samples 15-4, 2.07-
2.72 masl), the mollusc fauna, with the common
mussel, the spire snail and the lagoon cockle as
dominant taxa, as well as the common plant taxa
beaked tasselweed, bulrush and orache, indicate
the presence of a brackish lagoon, with predomi-
nantly annual variations in salinity caused by sea-
sonal variation in the freshwater supply and eva-
poration. The water was calm, clear and shallow,
with a depth of ¢.0.5 m. The presence of the com-
mon mussel indicates that the water body was con-
nected to the open sea.

The assemblage at 2.72-2.82 masl (upper sam-
ples 2 and 3) includes a greater diversity of salt
marsh plants, water plants that tolerate both brack-
ish and freshwater conditions, and ostracods, than
the samples below at 2.12-2.62 masl, indicating
that an environmental change occurred. The up-
per 10 cm of the profile (sample 1) contains fresh-
water molluscs and taxa of water edges, freshwater
marshes and dune valleys, including taxa that do
not tolerate brackish conditions, and indicate a de-
crease in the salinity of the lagoon.

With the exception of only a few remains and
taxa, the taxa of dry terrain are mostly found in
the lower half of the studied profile (at 2.22-
2.57 masl, samples 13-7) that represent two dif-
ferent stratigraphical layers. Although it is not
clear what the size of the Magleholm island was
at this time, these taxa could represent the vege-
tation on the island, thus indicating erosion and
rolling or washing down of seeds and fruits. Al-
ternatively, it may concern remains of vegetation
at other dryland patches in the lagoon transport-
ed via water.
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The upper 10cm of the profile (2.82-2.92 masl,
sample 1) contain relatively many seeds and fruits
of taxa of water edges, freshwater marshes and,
to some degree, vegetation of dune valleys, in-
cluding common alder. Such vegetation may have
occurred on the slopes of Magleholm island or
elsewhere along the borders of the lake. The seeds
and fruits may also have been part of a drift litter
zone deposited by water (Cappers 1993). In any
case, the sample represents a thanatocoenosis, i.e.
remains of taxa that did not all live contemporan-
eously at the same spotbutinstead represent multi-
ple habitats, since alder does not tolerate brack-
ish conditions while some of the molluscs that
occurred locally are indicative of brackish water
environments. Considering the thickness of the
sample (10 cm) and the occurrence of shells in
layers, another explanation for the coexistence of
freshwater and brackish water taxa is that periods
and/or influxes of more and less brackish water
alternated.

Indications of human Impact

The macroremains assemblage contains various
edible taxa, including hazelnut, blackberry, sea
aster, annual seablite and water pepper, amongst
others. However, none of the seeds and fruits were
found in a carbonized state, fragmented in such a
way that demonstrates handling by people in the
past, or found in a context, quantity or concen-
tration that assures deposition by people. While
people thus potentially may have used various of
the taxa present, there is no explicit evidence of
such use. The best indications that the investigat-
ed profile intersects refuse layers comes from the
finds other than molluscs and seeds and fruits,
such as the presence of sand lenses in the gyt-
tja that may have resulted from either storms or
erosion of the island, and small fragments of
flint and the remains of charcoal present in most
samples. A flint fragment (0.0183 ¢) from 2.32-
2.37 masl (sample 11) was possibly worked.

Comparison with earlier published
Information about Magleholm

Despite the lack of radiocarbon dates from the
studied profile, which may potentially become
available when a site report about Magleholm ap-
pears, and despite it being unclear how the earlier
studied profile and the new profile relate to each
other precisely, the analysed data and data from
earlier published profiles from Magleholm can
be compared with each other. The brackish gyt-
tja in the investigated profile, with a thickness of
60 cm, may correspond with the earlier described
marine gyttja layer, which was ¢.1 m thick elsewhere
at Magleholm. The investigated samples indicate a
brackish rather than a true marine environment,
but there was indeed a connection to the open sea,
and the earlier description “marine” can probably
primarily be interpreted as opposite to limnic, i.e.
freshwater conditions. Whether the earlier report-
ed subboreal transgression, dated between 3850
and 3700-3600 BCE and registered at Magleholm
only (Christensen 2014, 11), is present in the studi-
ed profile is not clear. Elsewhere in the profile, at
50 cm distance from the analysed samples, a layer
rich in molluscs is present between the layers of
samples 1 and 2 and perhaps this layer represents
the transgression phase. Concerning the earlier re-
ported transgressions and regressions, it should be
noted that today the interpretation that large fluc-
tuations as have been observed in the Vedbzk fjord
represent oscillations of the global sea level chang-
es is subject to discussion (see e.g. Yu 2003, 16 and
the discussion in Bennike et al. 2023, 449).

The upper part of the profile at 2.72-2.92 masl,
ze. the three upper samples, represent a gradual
transition of the lagoon to a freshwater lake. How-
ever, since the upper sample still contains taxa in-
dicative of brackish conditions, this sample must
predate the closing of the connection with the sea
that was dated to “shortly after 3500 BCE or at
least before 3000 BCE” (Christensen 2014, 12).
The peat present above the investigated profile
matches the peat found in earlier studies at Magle-
holm and represents the infill of the freshwater
lake.

The eatlier pollen analysis of Magleholm aimed
to date samples and layers and focused much on
whether these pre- or postdated Landnam phases.
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Tasselweed was regularly found, as well as dino-
flagellates (Hystrix sp.), confirming the brackish
conditions. Similar to the current study, the pollen
analysis does not show dominance or frequent oc-
currence of obligate marine plant taxa. Also the
Chenopodiaceae and Asteraceae, which may in-
clude salt marsh taxa, do not reach include high
percentages.

Short Comparison with other Locations

Brackish waters commonly occurred along the
Danish coast during the middle Holocene. Loca-
tions from which macroremains and mollusc data
are available and that point to environmental con-
ditions that are comparable to Magleholm include
e.g. Brabrand fjord (eastern Jutland), Syltholm (Lol-
land) and Gilleleje (northern Sjxlland). Brabrand
fjord had an open connection to the sea between
7500 BCE (8500 cal BP) and 3500-900 BCE
(5200-2900 cal BP). The mollusc assemblage con-
tained taxa of marine and brackish conditions,
while the macroremains assemblage was character-
ized by scarce finds of particularly tasselweed and
additionally a few remains of horned pondweed
(Bennike et al. 2022, 111-112). At the coastal zone
of Syltholm, slightly more saline conditions oc-
curred during the Middle Holocene than at Magle-
holm (Bennike and Jessen 2023, 37-39; Bennike
et al. 2023: phase with tasselweed, horned pond-
weed, charophytes, mud snail, cockle, periwinkle
and common mussel). At Gilleleje, beaked tassel-
weed and spiny naiad dominate the macroremains
sample from a profile dating to 5100-5300 BCE,
but the frequent presence of the common cock-
le indicates that the environment must have been
more affected by the sea than at Magleholm. Like
at Magleholm, also at this location the samples
show a combination of taxa from a brackish wa-
ter environment and dryland taxa (Henriksen and
Jessen 2014, 2015).

Conclusions and wider Perspective

The analysis of molluscs and botanical macro-
remains presented above provides a paleoenvi-
ronmental reconstruction of the Mesolithic and

Neolithic site of Magleholm in the Vedbak fjord.
The sample location, located at 10 m distance
from the shore of a brackish water lagoon that
ultimately changed into a more freshwater envi-
ronment, can be interpreted as an off-site loca-
tion. Indications of human activity include small
pieces of flint, charcoal, carbonized fish and car-
bonized culms. The botanical macroremains give
information about the vegetation present in the
larger area, including salt marsh vegetation of the
brackish lagoon, woodland vegetation and later
also vegetation of water edges, freshwater marsh-
es, beaches and dune valleys. Although the envi-
ronmental reconstruction of Magleholm is based
on data from only a single sample column, the
data are relatively consistent and compatible with
earlier environmental reconstructions of the la-
goon. While the plant data from Magleholm hard-
ly provide concrete evidence of plant use, they do
give information about the vegetation types pres-
ent in the fjord, the environment that the people
living at Magleholm experienced on a daily basis
and the plant resources that were available to them
(¢/ Schepers 2014).

Since the publications by Zvelebil (1994) and
Mason and Hather (2002), the number of macro-
botanical analyses of Mesolithic sites has shown a
strong increase all over Europe (e.g. Antolin et al.
2016; Bishop 2021; Bishop et al. 2014, 2015; De-
force et al. 2013; Jensen et al. 2024; Lageras et al.
2021; Lopez-Doriga 2016; Out 2009; Ptakova et
al. 2021). On the one hand, macrobotanical stud-
ies in Denmark, also of Mesolithic sites, have a
long history (e.g. Broholm 1924, 19-20), but on the
other hand, information on plant use in the Meso-
lithic in this region is still relatively scarce, as re-
cently discussed in a review by Termansen et al.
(2024). Data from coastal Mesolithic sites are
even rarer. The present study from Magleholm,
although having its limitations because of the
absence of more precise context information,
thus makes an important contribution, even more
since there are hardly any other botanical data
sets available from the Vedbaxk fjord. Hence, this
study underlines both the potential of and need
for additional botanical macroremains analysis at
comparable archacological sites. Additional ar-
chaeobotanical analyses of other Mesolithic sites
in Scandinavia, as well as sites that cover both
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Mesolithic and Neolithic occupation phases,
would be highly relevant, for example to shed light
on the use of both food plants and those that pro-
vided raw materials, as well as on the character
and extent of human impact on the vegetation
and how this interplay developed through time, to
get a better understanding of former societies and
cultural processes (e.g. Bakels and Van Beurden
2001; Bakels et al. 2001; Holst 2010; Kubiak-
Martens et al. 2015; Out 20082, b; Out and Vet-
hoeven 2014; Schepers and Bottema 2020;
Serensen and Karg 2014; Wolters 2016; see also
Blaesild et al. 2024; Grof3 et al. 2018). In this re-
spect, the current PhD project by Signe Sangill
Termansen at Aarhus University, focusing on
submerged coastal Mesolithic sites, is expected to
provide an important contribution to the under-
standing of plant use in Southern Scandinavia.

In the case of future excavations of similar
Mesolithic and Neolithic sites with partially water-
logged deposits, it would, in so far the presence
of undisturbed deposits allows, be relevant to
combine an off-site environmental study like this
and palynological analysis, ideally including multi-
ple cores, with analysis of grid sampling and ana-
lysis of both carbonized botanical macroremains
of samples from the slopes and dry parts of the
dune, analysis of samples of carbonized and un-
carbonized, worked and unworked wood, and, for
example, phytolith and starch analysis of food
crusts, grinding stones and/or dental calculus from
human teeth. Applying such a multi-proxy ap-
proach within the framework of a wider archaeo-
logical study could give a reconstruction of the
use of a broad range of plants, covering the use
of plants, including wild plants, for food, fuel
and craft, while it could also contribute to the
understanding of activity zones, the function
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